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COMBINATION THERAPY FOR TREATING CANCER WITH AN
INTRAVENOUS ADMINISTRATION OF A RECOMBINANT MVA AND AN
ANTIBODY

FIELD OF THE INVENTION

[001] The present invention relates to a combination therapy for the treatment of
cancers, the combination including an intravenously administered recombinant modified
vaccinia Ankara (MV A) virus comprising a nucleic acid encoding a heterologous tumor-
associated antigen (TAA) and an antibody.

BACKGROUND OF THE INVENTION

[002] Recombinant poxviruses have been used as immunotherapy vaccines against
infectious organisms and, more recently, against tumors. Mastrangelo et al. J Clin Invest.
2000;105(8):1031-1034.

[003] One poxviral strain that has proven useful as an immunotherapy vaccine
against infectious disease and cancer is the Modified V accinia Ankara (MV A) virus. MV A
was generated by 516 serial passages on chicken embryo fibroblasts of the A nkara strain of
vaccinia virus (CVA) (for review see Mayr, A., et al. Infection 3, 6-14 (1975)). As a
consequence of these long-term passages, the genome of the resulting MV A virus had about
31 kilobases of its genomic sequence deleted and, therefore, was described as highly host
cell restricted for replication to avian cells (Meyer, H. etal., J. Gen. Virol. 72, 1031-1038
(1991)). Itwasshowninavariety of animal models that the resulting MV A was significantly
avirulent (Mayr, A. & Danner, K., Dev. Biol. Stand. 41: 225-34 (1978)). Strains of MV A
having enhanced safety profiles for the development of safer products, such as vaccines or
pharmaceuticals, have been described. See International PCT publication W 02002042480
(see also e.g. U.S. Pat. Nos. 6,761,893 and 6,913,752) all of which are incorporated by
reference herein. Such variants are capable of reproductive replication in non-human cells
and cell lines, especially in chicken embryo fibroblasts (CEF), but are replication
incompetent in human cell lines, in particular including HeLa, HaCat and 143B cell lines.
Such strains are also not capable of reproductive replication in vivo, for example, in certain
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mouse strains, such as the transgenic mouse model AGR 129, which is severely immune-
compromised and highly susceptible to a replicating virus. See U.S. Pat. Nos. 6,761,893.
Such MV A variants and its derivatives, including recombinants, referred to as "MV A-BN,"
have been described. See International PCT publication W02002042480 (see also e.g. U.S.
Pat. Nos. 6,761,893 and 6,913,752).

[004] The use of poxviral vectors that encode tumor-associated antigens (TAAYS)
have been shown to successfully reduce tumor size as well as increase overall survival rate
of cancer patients. See, e.g., WO 2014/062778. It has been demonstrated that when a cancer
patient is administered a poxviral vector encoding a TAA, such as HER2, CEA, MUC1,
and/or Brachyury, a robust and specific T-cell response is generated by the patient to fight
the cancer. Id., see also, Guardino et al. (2009), Heery et al., (2015)

[005] HER2isonesuch TAA that has been shown to be effective when encoded as
part of a poxviral vector. Id. HER2 is a tumor-associated antigen that is over-expressed in
certain types of tumor cells in some patients having different types of cancer, such as breast,
colorectal, lung, ovarian, cervical, bladder, gastric, and urothelial cancers. Immunization
with various HER2 polypeptides has been used to generate an immune response against
tumor cells expressing this antigen, as has vaccination with recombinant modified vaccinia
virus Ankara (“MVA”) vectors expressing a modified form of the HER2 protein (i.e., MVA-
BN-HER2). See, e.g., Renard et al., J. Immunol. 171:1588-1595 (2003); Mittendorf et al.,
Cancer 106:2309-2317 (2006); Mandl et al., Cancer Immunol. Immunother. 61(1):19-29
(2012).

[006] Previous work with MV A-BN-HER2 showed that it induced a TH1-biased
immune response having both antibody and cellular components. See, e.g., Mandl et al.,
2012. Some workers have shown that a balanced immune response including both humoral
and cell-mediated components is important for protection from and clearance of a variety of
pathogens in the context of infectious disease. See, e.g., Hutchings et al., J. Immunol.
175:599-606 (2005).

[007] Inaddition to their effectiveness with TAAS, poxviruses, such as MV A have
been shown to have enhanced efficacy when combined with a CD40 agonist such as CD40
Ligand (CD40L). See WO 2014/037124. CD40/CD40L is a member of the tumor necrosis
factor receptor/tumor necrosis factor ("TNFR/TNF") superfamily. While CD40 is
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constitutively expressed on many cell types, including B-cells, macrophages and DCs, its
ligand CD40L is predominantly expressed on activated CD4+ T-cells[Lee et al., "CD40, but
not CD154, expression on B-cells is necessary for optimal primary B-cell responses,” J.
Immunol. 171(11):5707-5717 (2002); D. Y. Ma and E. A. Clark, "The role of CD40 and
CD154/CD40L in dendritic cells," Semin. Immunol. 21(5):265-272 (2009)]. The cognate
interaction between DCs and CD4+ T-cells early after infection or immunization licenses’
DCsto prime CD8+ T-cell responses [J. P. Ridge et al., "A conditioned dendritic cell can be
a temporal bridge between a CD4+ T-helper and a T-killer cell," Nature 393(6684):474-478
(1998)]. DC licensing results in the upregulation of co-stimulatory molecules, increased
survival and better cross-presenting capabilities of DCs. This process is mainly mediated via
CD40/CD40L interaction [S. R. Bennet et al., "Help for cytotoxic T-cell responses is
mediated by CD40 signalling," Nature 393(6684):478-480 (1998); S. P. Schoenberger et al.,
"T-cell help for cytotoxic T-cell help is mediated by CD40-CD40L interactions," Nature
393(6684):480-483 (1998)], but CD40/CD40L -independent mechanisms also exist (CD70,
LT.beta.R). Interestingly, a direct interaction between CD40L expressed on DCs and CD40
expressed on CD 8+ T-cells has also been suggested, providing a possible explanation for the
generation of helper-independent CTL responses [S. Johnson et al., "Selected Toll-like
receptor ligands and viruses promote helper-independent cytotoxic T-cell priming by
upregulating CD40L on dendritic cells,” Immunity 30(2):218-227 (2009)].

[008] Several studies indicate that agonistic anti-CD40 antibodies may be useful as
avaccine adjuvant. In addition, recombinant AdV [K. Kato et al., "Gene transfer of CD40-
ligand induces autologous immune recognition of chronic lymphocytic leukemia B-cells," J.
Clin. Invest. 101(5):1133-1141 (1998)] and VV [Bereta et al., "Immune properties of
recombinant vaccinia virus encoding CD154 (CD40L) are determined by expression of
virally encoded CD40L and the presence of CD40L protein in viral particles," Cancer Gen.
Ther. 11(12):808-818 (2004)] encoding CD40L have been created that showed superior
immunogenicity in vitro and in vivo compared to non-adjuvanted viruses.

[009] CDA40L, when encoded as part of an MV A, was shown to be able to induce
and enhance the overall T-cell response for a disease associated antigen. WO 2014/037124.
In WO 2014/037124 it was shown that a recombinant MV A encoding CD40L and a
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heterologous antigen was able to enhance DC activation in vivo, increase T-cell responses
specific to the heterologous antigen and enhance the quality and quantity of CD8 T-cells. Id.

[010] The use of antibodies for cancer therapy has also seen considerable success
in the past decade. See, e.g,, Scott et al., Nature Reviews Cancer 12, 278-287 (2012). There
are several antibody therapies that have received FDA approval and kill tumor cells in a
variety of ways. For example, antibody therapies can kill tumor cells through direct action
of the antibody, such as an antibody binding to a tumor antigen on the cell surface. Id. See
also, Brodowicz et al., (2001). This can lead to apoptosis and death of the tumor cell as well
as inhibition of tumor receptor activity. Preventing receptor activity caninclude: preventing
dimerization of the tumor receptor, preventing kinase activation, blocking of extracellular
receptor cleavage, induction of receptor internalization and down-stream signaling. The
inhibition of tumor receptor activity by antibody therapies can prevent tumor proliferation.
Id.

[011] Antibody therapies can additionally kill tumor cells, by improving a cancer
patient’s own immune system to attack the tumor cell, termed immune-mediated tumor cell
killing. Id. Immune-mediated tumor cell killing can include phagocytosis, complement
activation, antibody-dependent cellular cytotoxicity (ADCC), genetically modified T-cells
being targeted to the tumor by antibody, and inhibition of T cell inhibitor receptors, such as
CTLA-4. Id.

[012] ADCC is one of the most important ways by which antibody therapies attack
and destroy tumor cells. ADCC is triggered through interaction between a target-bound
antibody on a tumor cell membrane and effector cells from a patient’s immune system. Wang
et al., NK Cell mediated Antibody Dependent Cellular Cytotoxicity in Cancer
Immunotherapy Front Immunol vol. 6 (2015). The anti-tumor efficacy of many antibody
therapies has been shown to be Natural Killer (NK) cell dependent. Id. Human NK cells
can express proteins that bind to the Fc portion of the antibodies. Once bound and activated,
the NK cells mediate tumor killing through several pathways, including exocytosis of
cytotoxic granules, TNF family death receptor signaling, and pro-inflammatory cytokine
release, such as IFNy. Id.

[013] While there are successful poxviral cancer treatments, chemo- and
radiotherapies, and antibody therapies available to cancer patients, there are many
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mechanisms that tumor cells employ to escape and/or diminish these treatments. For
example, in order to escape a patient’s specific immune system, many tumor cells utilize
immune checkpoint molecules and/or lower specific Major Histocompatibility Complex
(MHC) expression so as to suppress and/or evade detection by the specific CD8 T cells of
the immune system. Scott et al. (2012). Tumor cells have additionally been shown to evade
a patient’s innate immune response by modifying or decreasing tumor antigen expression on
the tumor cell surface which can decrease both antibody binding, and tumor killing by the
NK cells. Id.

[014] More recently it has been discovered that tumor cells can evade the immune
system and cancer therapies by entering an equilibrium phase with a cancer patient’s immune
system. See Bhatia et al., Cancer Microenvrionment vol. 4: 209-217 (2011). In at least one
aspect of the equilibrium phase, tumor cells can remain in the body below the threshold of
conventional morphologic recognition or cytogenetic recognition. Id. For example,
expression of tumor antigen receptors on tumor cells will fluctuate and, in many cases,
decrease to a point that is below the threshold at which the immune system can recognize the
tumor cell. Id.

[015] Given the ability of cancers and tumor cells to actively evade cancer therapies
and a patient’s immune system, there exists a substantial need for developing cancer
treatments that effectively target and kill those tumor cells that actively evade the immune
system. Additionally, there exists a need for cancer treatments that can attack and kill tumors
and tumor cells that utilize an equilibrium phase to evade therapies and immune systems. At
least in one aspect, the various embodiments of the present invention successfully overcome

difficulties involving treating tumor cells that actively evade the immune system.

BRIEF SUMMARY OF THE INVENTION

[016] In a first aspect the present invention provides a use of a pharmaceutical
combination in the manufacture of a medicament for use in reducing tumor size and/or
increasing survival in a cancer patient, as defined in claim 1. Further features of the invention
are provided in the dependent claims. It was determined in the various embodiments of the

present invention that a recombinant MV A when administered intravenously to a patient in



combination with antibody against a tumor surface antigen enhances treatment of the cancer
patient, more particularly increases reduction in tumor volume and/or increases survival of

the cancer patient.
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[017] Accordingly, in one embodiment, the present invention includes a
pharmaceutical combination for use in reducing tumor size and/or increasing survival in a
cancer patient, the pharmaceutical combination comprising: a) a recombinant modified
vaccinia virus Ankara (MV A) comprising a first nucleic acid encoding a first heterologous
tumor-associated antigen (TAA) that when administered intravenously induces both an
enhanced Natural Killer (NK) cell response and an enhanced T cell response in the cancer
patient as compared to a NK cell and T cell response induced by a non-intravenous
administration of a recombinant MV A comprising a nucleic acid encoding a heterologous
tumor-associated antigen; and b) an antibody, wherein the antibody comprises an Fc domain
and is specific to an antigen that is expressed on the cell membrane of a tumor cell; wherein
administration of a) and b) to the cancer patient reduces tumor size and/or increases the
survival rate of the cancer patient as compared to a non-intravenous administration of either
a) or b) alone. Inadditional embodiments, the recombinant MV A further comprises a second
nucleic acid encoding a second heterologous TAA.

[018] In one or more preferred embodiments, the pharmaceutical combination
further comprises CD40L. Ina most preferred embodiment, the CD40L is encoded by the
recombinant MV A.

[019] In various embodiments, the antibody is approved for the treatment of a
cancer patient. In one or more particular embodiments, the antibody is selected from the
group consisting of: Anti-CD20 (e.g., rituximab; ofatumumab; tositumomab), Anti-CD52
(e.g., alemtuzumab Campath+), Anti-EGFR (e.g., cetuximab Erbitux+ k panitumumab),
Anti-CD2 (e.g.Siplizumab), Anti-CD37 (e.g., BI836826), Anti-CD123 (eg., JNJ-
56022473), Anti-CD30 (e.g., XmAb2513), Anti-CD38 (e.g., daratumumab Darzalex+),
Anti-PDL1 (e.g., avelumab, atezolilzumab, durvalumab), CTLA-4 (e.g., ipilumumab), Anti-
GD2 (e.g., 3F8, ch14.18, KW-2871, dinutuximab), Anti-CEA, Anti-MUC1, Anti-FLT3,
Anti-CD19, Anti-CD40, Anti-SLAMF7, Anti-CCR4, Anti-B7-H3, Anti-ICAM1, Anti-
CSF1R, anti-CA125 (e.g. Oregovomab), anti-FRa (e.g. MOv18-IgG1, Mirvetuximab
soravtansine (IMGN853), MORADb-202), anti-mesothelin (e.g. MORAD-009), and Anti-
HER2. Ina more preferred embodiment, the antibody is an anti-HER2 antibody. In a most
preferred embodiment, the antibody is an anti-HER2 antibody selected from Pertuzumab,
Trastuzumab, Herzuma, ABP 980, and A do-trastuzumab emtansine.
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[020] In various additional embodiments, the first and/or second TAA comprises
one or more mutations to prevent the first and/or second TAA from binding and/or interacting
with the antibody of the combination therapy. In one or more preferred embodiments, the
first TAA isaHER2 antigen. Ina more preferred embodiment the HER 2 antigen comprises
one or more mutations to prevent the binding of the first TAA to the anti-HER2 antibody.
In additional preferred embodiments, the second TAA is a Brachyury antigen. In a more
preferred embodiment, the Brachyury antigen comprises one or more mutations to the
nuclear localization signaling (NLS) domain.

[021] Inone or more preferred embodiments, the recombinant MV A is MVA-BN
or a derivative thereof.

[022] In various embodiments, the present invention is directed to one or more
methods of reducing tumor size and/or increasing survival of a cancer patient. In one
embodiment, there is a method comprising: a) intravenously administering to the cancer
patient a recombinant MV A comprising a first nucleic acid encoding a first heterologous
tumor-associated antigen (TAA) that when administered intravenously induces both an
enhanced Natural Killer (NK) cell response and an enhanced T cell response in the cancer
patient as compared to an NK cell response and a T cell response induced by a non-
intravenous administration of a recombinant MV A virus comprising a nucleic acid encoding
a heterologous tumor-associated antigen; and b) administering to the cancer patient an
antibody, wherein the antibody comprises an Fc domain and is specific to an antigen that is
expressed on the cell membrane of a tumor cell; wherein administration of a) and b) to the
cancer patient reduces tumor size in the cancer patient and/or increases the survival rate of
the cancer patient as compared to a non-intravenous administration of either a) or b) alone.

[023] Inone or more preferred embodiments, the method comprises intravenously
administering CD40L to the cancer patient. In a more preferred embodiment the CD40L is
encoded by the recombinant MV A.

[024] In another embodiment, the recombinant MVA of present invention is
administered at the same time or after administration of the antibody. In a more preferred
embodiment, the recombinant MV A is administered after the antibody.

[025] In yet another embodiment, the present invention includes a method for
enhancing antibody therapy in a cancer patient, the method comprising administering the
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pharmaceutical combination of the present invention to a cancer patient, wherein
administering the pharmaceutical combination enhances antibody dependent cell-mediated
cytotoxicity (ADCC) induced by the antibody therapy, as compared to administering the
antibody therapy alone.

[026] Instill another embodiment, there is a method for inducing both an enhanced
innate and an enhanced adaptive immune response in a cancer patient comprising
administering a pharmaceutical combination of the present disclosure, wherein administering
the pharmaceutical combination enhances both the innate and adaptive immune responses of
the cancer patient as compared to a non-intravenous administration of the pharmaceutical
combination or elements of the combination by themselves.

[027] Instill various additional embodiments, the present invention is directed to
one or more synthetic peptides and nucleic acids encoding the synthetic peptides. In more
specific embodiments, there is a synthetic HER2 peptide and nucleic acid. Inmore preferred
embodiments, the synthetic HER2 peptide includes one or more mutations that prevent the
HER2 peptide from binding a HER2 antibody, preferably an antibody selected from
Pertuzumab, Trastuzumab, Herzuma, ABP 980, and Ado-trastuzumab emtansine. In
additional preferred embodiments, the synthetic HER2 peptide includes one or more
mutations that prevent extracellular dimerization, tyrosine kinase activity, and/or
phosphorylation of the HER2 antigen.

[028] In another more specific embodiment, there are one or more synthetic
Brachyury peptides and nucleic acids. In more preferred embodiments, the synthetic
Brachyury polypeptides and nucleic acids include one or more mutations in the nuclear
localization signaling (NLS) domain.

[029] Additional objects and advantages of the invention will be set forthin partin
the description which follows, and in part will be obvious from the description or may be
learned by practice of the invention. The objects and advantages of the invention will be
realized and attained by means of the elements and combinations particularly pointed out in
the appended claims.

[030] T he accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate one or more embodiments of the invention and together with
the description, serve to explain the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[031] Figures 1A-1G show that intravenous (IV) administration of MV A-OV A
(rMV A) leads to a stronger systemic activation of NK cells as compared to subcutaneous
(SC) administration. NK cell activationis further enhanced when the MV A encodes CD40L
(rMVA-CD40L). Shown are the results of Example 1, wherein staining to assess NK cell
frequencies and expression (shown as Geometric Mean Fluorescence Intensity (GMFI)) of
the named protein markers in NKp46"CD3 cells was assessed in the spleen. A) NKp46*
CD3 cells; B) CD69; C) NKG2D; D) FasL; E); Bcl-Xy; F), CD70; and G) IFN-y.

[032] Figures 2A-2G show that IV administration of MV A-OV A (rMV A) leads to
a stronger systemic activation of NK cells as compared to SC administration. NK cell
activation is further enhanced when the MV A encodes CD40L (rMV A-CD40L). Shownare
the results of Example 1, wherein staining to assess NK cell frequencies and expression
(shown as Geometric Mean Fluorescence Intensity (GMFI)) of the named protein markers
in NKp46*CD3 cells was assessed in the liver. A) NKpd6* CD3 cells; B) CD69; C)
NKG2D; D) FasL; E); Bcl-X; F), CD70; and G) IFN-y.

[033] Figures 3A-3G show that IV administration of MV A-OV A (rMV A) leads to
a stronger systemic activation of NK cells as compared to SC administration. NK cell
activation is further enhanced when the MV A encodes CD40L (rMV A-CD40L). Shownare
the results of Example 1, wherein staining to assess NK cell frequencies and expression
(shown as Geometric Mean Fluorescence Intensity (GMFI)) of the named protein markers
inNKp46"CD3 cellswas assessed inthe lung. A) NK p46™ CD3 cells; B) CD69; C) NKG2D;
D) FasL; E); Bcl-X; F), CD70; and G) IFN-y.

[034] Figures 4A-4F show that intravenous (IV) administration of MV A-HER2-
Twist-CD40L leads to a stronger systemic activation of NK cells as compared to
subcutaneous (SC) administration. Shown are the results of Example 1, wherein staining to
assess NK cell frequencies and expression (shown as Geometric Mean Fluorescence
Intensity (GMFI)) of the named protein markers in NK p46"CD3 cells was assessed in the
spleen. A) NKp46™ CD3 cells; B) CD69; C) FasL; D); Bcl-Xy; E), CD70; and F) IFN-y.

[035] Figures 5A-5F show that IV administration of MV A-HER2-Twist-CD40L
leads to a stronger systemic activation of NK cells as compared to SC administration. Shown
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are the results of Example 1, wherein staining to assess NK cell frequencies and expression
(shown as Geometric Mean Fluorescence Intensity (GMFI)) of the named protein markers
in NKp46'CD3" cells was assessed in the liver. A) NKp46™ CD3 cells; B) CD69; C) FasL;
D); Bcl-X1; E), CD70; and F) IFN-y.

[036] Figures 6A-6F show that IV administration of MV A-HER2-Twist-CD40L
leads to a stronger systemic activation of NK cells as compared to SC administration. Shown
are the results of Example 1, wherein staining to assess NK cell frequencies and expression
(shown as Geometric Mean Fluorescence Intensity (GMFI)) of the named protein markers
in NKp46"CD3 cells was assessed in the lung. A) NKp46™ CD3 cells; B) CD69; C) FasL;
D); Bcl-X1; E), CD70; and F) IFN-y.

[037] Figures 7A-7F show that IV administration of MV A-OVA-CD40L (rMV A-
CDA40L) leads to enhanced levels of IL-12p70 and IFN-y. Shown are the results of Example
2. A) The concentration of IFN-y was higher after tMVA-CD40L as compared to MV A-
OVA (rMVA) immunization. B) The NK cell activating cytokine IL-12p70 was only
detectable after MV A-CD40L immunization. High serum levels of IFN-y are in line with
higher frequencies of IFN-y* NK cells (see Fig. 1G) and CD69" granzyme B* NK cells inthe
spleenC) after rMV A-CD40L immunization. Similar responses were seenin NHPs (Macaca
fascicularis) after IV injection of MVA-MARV-GP-huCD40L (rMVA-CD40L), namely
higher serum concentrations of IFN-y (D) and IL-12p40/70 (E) as well as more proliferating
(Ki67%) NK cells (F) as compared to MVA-MARV-GP (rMV A).

[038] Figures 8A-8C show a time course of NK cell activation and proliferation.
Shown are the results of Example 3, wherein staining to assess NK cell frequencies and
expression of the named protein markers in NKp46"CD3 cells was assessed in the spleen,
liver, lung and blood. A) CD3 CD19'NKp46") B) NK cell proliferation marker Ki67; and
C) CD69 expression (shown as Geometric Mean Fluorescence Intensity (GMFI)).

[039] Figure 9 shows enhanced NK cell mediated toxicity ex vivo upon systemic
MVA-OVA (rMVA) and MV A-CD40L (rMV A-CD40L) immunization. Splenic NK cells
were purified and used as effectors in a target killing assay as described in Example 4. NK
cells were cultured with CFSE-labelled MHC class I-deficient Y AC-1 cells at the indicated
ratios overnight. Specific killing was assessed by quantifying unviable CFSE* Y AC-1 cells
by flow cytometry.
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[040] Figures 10A-10E show enhanced antibody-dependent cellular cytotoxicity
(ADCC) in vivo and ex vivo upon systemic MVA-OVA (rMVA), MVA-CD40L (rMVA-
CD40L), and MV A-HER2-Twist-CD40L immunization as described in Example 5. A)
C57BL/6 mice were treated IV either with 251 g anti-CD4, rMVA + 51 grat IgG2b, 11 g
anti-CD4or MVA-OVA (rMVA) + 11 ganti-CD4. CD4T cell (CD3'CD4") depletioninthe
liver was analyzed and is shown as percent specific killing. T o assess ex vivo ADCC activity
of NK cells, B) C57BL/6 or C) Balb/c mice were immunized IV either with PBS, MV A-
OVA (rMVA) or MVA-OVA-CD40L (rMVA-CD40L). E) Balb/c mice were immunized IV
either with PBS or MV A-HER2-Twist-CD40L. Splenic NK cells were purified and used as
effectors in antibody-dependent killing assays. B) B16.F10 cells were coated with mouse
anti-human/mouse Trp1 mAb (clone TA99) and C) CT26-HER?2 cells were coated with
mouse anti-human HER2 mA b (clone 7.16.4). Purified NK cells were added to the antibody-
coated target cells at a 5:1 and 4:1 ratio, respectively. D) CT26-HER2 cells incubated with
different concentrations of anti-human HER2 were also more efficiently killed by rMV A -
CDA40L activated NK cells as compared to rMV A activated NK cells. E) CT26-HER2 cells
were coated with various concentrations of mouse anti-human HER2 mAb (clone 7.16.4).
Purified NK cells were added to the antibody-coated target cells at a 5:1 ratio.

[041] Figure 11 shows that IV immunization induces stronger CD8 T cell responses
than SC immunization. Described in Example 6, C57BL /6 mice were immunized either SC
or IV with MVA-OV A on days 0 and 15. OV A-specific CD8 T cell responses in the blood
were assessed after staining with H-2K®/OV A 357.264 dextramers.

[042] Figure 12 showsthat CD8T cell responses can be further enhanced by MV A -
CD40L. Described in Example 7, C57BL/6 mice were immunized IV with MVA-OVA
(rMVA) or MVA-OVA-CD40L (rMVA-CD40L) on days 0 and 35. OV A-specific CD8 T
cell responses in the blood were assessed after staining with H-2K°/OV A »57.264 dextramers,

[043] Figures 13A-13B shows repeated NK cell activation and proliferation after
prime/boost immunization. Described in Example 8, C57BL/6 mice were immunized IV
either with PBS, MVA-OVA (rMV A) or MVA-OVA-CD40L (rMV A-CD40L) as shown in
Table 1. NK cells (NKp46'CD3) were analyzed in the blood by flow cytometry one and four
days after second and third immunization. A) Shows GMFI CD69 and B) shows frequency
of Ki67" NK cells.
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[044] Figures 14A-14M show systemic cytokine responses after prime/boost
immunization. Described in Example 9, C57BL /6 mice wereimmunized IV either with PBS,
MVA-OVA (rMVA) or MVA-OVA-CD40L (rMVA-CD40L) as shown in Table 1. Serum
cytokine levels were measured at 6 hours post immunization. Shown are the results A) IL-6;
B) CXCL10; C) IFN-a; D) IL-22; E) IFN-y; F) CXCL1; G) CCL4; H) CCL7); I) CCL2; ))
CCL5; K) TNF-g; L) IL-12p70; and M) IL-18.

[045] Figures 15A-15D show strong antigen-specific CD8 T cell responses after
MVA and MVA-CD40L prime/boost immunization. Described in Example 10, C57BL/6
mice were immunized IV either with PBS, MVA-OVA (rMVA) or MVA-OVA-CD40L
(rMV A-CD40L) as shown in Table 1. Induction of antigen-specific CD8 T cell responses
after repetitive immunization was assessed. A) CD8 T cell frequencies were assessed; B) B8
specific CD8 T cell responses were assessed, C) Transgene-specific (OV A) responses were
assessed; and D) Ratios of OV A/B8-specific CD8 T cells were assessed.

[046] Figures 16A-16B show CD8 and CD4 effector T cell induction after MV A
and MVA-CD40L prime/boost immunization. Described in Example 11, C57BL/6 mice
were immunized IV either with PBS, MVA-OVA (rMVA) or MVA-OVA-CD40L (rMVA-
CD40L) as shown in Table 1. Phenotypically, effector T cells were identified by the
expression of CD44 and the lack of surface CD62L. A) CD44" CD62L" CD8 T cells and B)
CDAT cells inthe blood were monitored.

[047] Figures 17A-17B show superior anti-tumor effect of IV rMVA-CD40L
immunization in a heterologous prime boost scheme in a melanoma model. C57BL/6 mice
bearing palpable B16.0V A tumors were primed (dotted line) either with PBS, MVA-OV A
(rMVA) or MVA-OVA-CD40L (rMVA-CD40L) SC or IV asdescribedin Example12. Mice
received subsequent boosts with FPV -OV A 7 and 14 days after prime (dashed lines). Tumor
growth was measured at regular intervals. Shown are A) tumor mean volume and B) survival
of tumor-bearing mice by day 45 after tumor inoculation.

[048] Figure 18 shows efficient tumor control after a single IV immunization with
MV A-OVA-CD40L (rMV A-CD40L). C57BL/6 mice bearing palpable B16.OVA tumors
were primed IV or received IV prime and boost as described in Example 13. Tumor growth
was measured at regular intervals. Shown is the tumor mean volume.
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[049] Figures 19A-19C show that CD8 T cells are essential players in rMVA-
CD40L mediated tumor control. C57BL/6 mice bearing palpable B16.0VA tumors were
immunized IV either with PBS, MVA-OVA (rMVA) or MVA-OVA-CD40L (rMVA-
CD40L) as described in Example 14. Where indicated, mice received 200 | g anti-CD8
antibody intraperitoneally (IP). A) CD8 T cell responses were measured. B) OV A-specific
CD8T cell responses were measured. C) represents overall survival.

[050] Figures 20A-20C show that simultaneous targeting of two TAAS is more
efficient than targeting only one. C57BL/6 mice bearing palpable B16.0V A tumors were
immunized IV either with PBS, MVA-OVA-CD40L, MVA-OVA-TRP2 or MVA-OVA-
TRP2-CD40L as described in Example 15. Tumor growth was measured at regular intervals
and is displayed as A) mean diameter of individual mice; and B) mean volume. C) Overall
survival is shown.

[051] Figures 21A-21G show increased T cell infiltration in the tumor
microenvironment (TME) after rMVA-CD40L immunization. C57BL/6 mice bearing
palpable B16.0VA tumors were immunized IV either with PBS, MVA-OVA (rMVA) or
MVA-OVA-CD40L (rMVA-CD40L) as described in Example 16. Seven days later, mice
were sacrificed. A) Frequency of CD8" T cells among CD45" leukocytes in spleen, tumor-
draining lymph nodes (TDLN) and tumor tissues; B) distribution of OV A 257.264—Specific
CD8" T cells in different organs upon immunization; C) GMFI of PD-1 and L ag3 on tumor-
infiltrating OV A2s7.26s—specific CD8" T cells; D) representative dot plots of tumor-
infiltrating CD8* T cells showing Ki67 and PD-1 expression; E) frequency of tumor-
infiltrating Ki67* CD8" T cells and GMFI of PD-1; F) frequency of tumor-infiltrating
regulatory T cells (Treg) among CD45"* leukocytes; and G) frequency of PD-1"8"— and PD-
1" —tumor-infiltrating Treg.

[052] Figures 22A-22F show persistence of TAA-specific CD8 T cells with a less
exhausted phenotype inthe TME after rMV A-CD40L immunization. Purified OV A-specific
TCR-transgenic CD8 T cells (OT-I) were IV transferred into B16.0V A tumor bearers when
tumors were palpable as described in Example 17. When tumors reached at least 60 mm? in
volume animals were immunized IV with MVA-BN*, MVA-OVA (rMVA) or MVA-OVA-
CD40L (rMV A-CD40L). 17 days later, mice were sacrificed and analyzed for: A) Frequency
of CD8" T cells among leukocytes in tumor tissues; B) Frequency of Lag3" PD1* within
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CD8+ T cells; C) Frequency of Eomes* PD1" T cells within CD8+ T cells; D) Presence of
OT-I-transgenic CD8" T cells within the TME upon immunization; E) Frequency of Lag3"
PD1" exhausted T cells within OT-I" CD8" T cells; and F) Frequency of Eomes" PD1*
exhausted T cells within OT-I" CD8' T cells.

[053] Figures 23A-23B show a long-term reduction of regulatory T cells (Treg) in
the TME after rMV A-CD40L immunization. Purified OV A-specific TCR-transgenic CD8 T
cells (OT-I) were IV transferred into B16.0V A tumor bearers when tumors were pal pable as
described in Example 18. When tumors reached at least 60 mm? in volume animals were
immunized IV with MVA-BN*, MVA-OVA (rMVA) or MVA-OVA-CD40L (rMVA-
CD40L). 17 days later, mice were sacrificed for further analysis. A) Frequency of Foxp3®
CD4" Treg among CD4" T cells in tumor tissues; B) Ratio of CD8" CD44" effector T cells
(Teff) to Foxp3™ CD4" Tregs.

[054] Figure 24 shows lower serum levels of alanine aminotransferase (ALT) after
rMV A and rMV A-CD40L immunization compared to anti-CD40 immunog|obulin injection.
C57BL/6 micewereinjected IV either with PBS, MVA-OV A (rMV A), MVA-OV A-CD40L
(rMV A-CD40L) or anti-CD40 (FGK4.5) as in Example 19. Serum ALT concentration was
analyzed one day after each immunization by ELISA.

[055] Figures 25A-25B show prolonged survival in a colon cancer model after IV
rMVA-CD40L immunization. Balb/c mice bearing palpable CT26.HER2 tumors were
immunized IV with MVA-AH1A5-p15-Trp2-CD40L (rMV A-CD40L) or received PBS as
described in Example 20. Tumor growth was measured at regular intervals. Shown are the
A) tumor mean volume and B) survival.

[056] Figures 26A-26B show increased anti-tumor effect of rMVA-CD40L in
combination with anti-Trp1. C57BL/6 mice bearing palpable B16.OVA tumors were
immunized IV with MV A-OV A-CD40L (rMV A-CD40L) onday 8 as described in Example
21. Where indicated 2001 g anti-Trp1 (clone TA99) was injected IP twiceAveek starting on
day 5. Shown is the A)) tumor mean volume and B) overall survival.

[057] Figures 27A-27D show transgene expression of MV A-HER2-Brachyury-
CDA4O0L. Hel a cells were left untreated (Mock; filled grey line) or infected with MVA-BN
(filled black line) or MV A-HER2-Brachyury-CD40L (open black line) as described in
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Example 23. Then, A) MV A, B) HER2, C) Brachyury, and D) CD40L protein expression
was determined by flow cytometry (see histograms).

[058] Figure 28 shows that Herceptin® (also known as Trastuzumab) and Perjeta”
(also known as Pertuzumab) anti-HER2 antibodies do not bind to the modified HER2
sequence described in Example 24. CT 26 cells were infected with MV A-HER2-Brachyury-
CD40L at an MOI of 1. 24 hours later, cells were incubated with 5 1 g/ml of the HER2
antibodies Herceptin®, Perjeta’, or 24D2 and analyzed by flow cytometry.

[059] Figures 29A-29D show dose dependent and enhanced activation of human
DCsby MV A-HER2-brachyury-CD40L as compared to MV A-HER2-brachyury. Monocyte-
derived DCs were generated after enrichment of CD 14" monocytes from human PBMCs and
cultured for 7 days in the presence of GM-CSF and IL-4 as described in Example 25. DCs
were stimulated with MVA-HER2-brachyury or MVA-HER2-brachyury-CD40L.
Expressionof A) CD40L; B) CD86; and C) MHC class IT was measured by flow cytometry.
D) The concentration of IL-12p70 was quantified.

[060] Figure 30A and 30B show enhanced anti-tumor effect of IV MVA-HER2-
Twist-CD40L immunization over IV MV A-CD40L immunizationina HER2 positive colon
carcinoma model. C57BL/6 mice bearing palpable MC38.HER2 tumors were immunized
(dotted line) either with PBS, MV A-CD40L or MV A-HER2-Twist-CD40L IV as described
in Example 26. T umor growth was measured at regular intervals. Shown are A) tumor mean
volume and B) overall survival.

[061] Figure 31A and 31B show enhanced anti-tumor effect of IV MVA-HER2-
Twist-CD40L immunization over IV MV A-CD40L immunization ina HER2 positive colon
carcinoma model. Balb/c mice bearing palpable CT26.HER2 tumors were immunized
(dotted line) either with PBS, MV A-CD40L or MV A-HER2-Twist-CD40L IV as described
in Example 26. Tumor growth was measured at regular intervals. Shown are A) tumor mean
volume and B) overall survival.

[062] Figure 32 shows increased infiltration of HER2-specific CD8" T cells
producing IFN-y in the tumor microenvironment upon IV MVA-HER2-Twist-CD40L
immunization. Balb/c mice bearing palpable CT26.HER2 tumors were immunized either
with PBS or MVA-HER2-Twist-CD40L IV as described in Example 27. Seven days later,
spleen and tumor-infiltrating CD8" T cells isolated by magnetic cell sorting and cultured in
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the presence of HER2 peptide-loaded dendritic cells for 5 hours. Graph shows percentage of
CD44" IFN-y" cells among CD8" T cells.

[063] Figure33A and 33B show enhanced anti-tumor effect of MV A-HER2-Twist-
CD40L and Trastuzumab (anti-HER2). Balb/c mice bearing large, established 17-day-old
CT26.HER2 tumors were immunized IV with MV A-HER2-Twist-CD40L (dotted line) as
described in Example 28. Where indicated 51 g anti-HER2 or hulgG1 were injected IP

(dashed line). Shown is the A) tumor mean volume and B) overall survival.

DETAILED DESCRIPTION OF THE INVENTION

[064] It is to be understood that both the foregoing Summary and the following
Detailed Description are exemplary and explanatory only and are not restrictive of the
invention, as claimed.

[065] Antibody-dependent cellular cytotoxicity (ADCC) is a mechanism of cell-
mediated immune defense that enables the immune system to actively lyse and kill target
cells that express an antigen or receptor that has been bound by specific antibodies. See,
Hashimoto et al., J ournal of Infectious Disease, 148: 785-794 (1983). ADCC utilizes Natural
Killer (NK) cells that interact with antibodies to lyse and kill the target cell. Id. Withthisin
mind, over the past decade therapeutic monoclonal antibodies have been developed which
target tumor-associated antigens and function to enhance ADCC and thus the ability to kill
tumor cells. See, eg., Scott et al. (2012) and Kohrt et al. While antibody therapies have
shown efficacy in enhancing killing of tumor cells through ADCC, it has been shown that
tumor cells can evade ADCC and the immune system through a variety of mechanisms such
as heterogeneity of tumor antigen expression (e.g., downregulation of tumor antigen
expression on the tumor cell surface), antibody stability, low antibody to receptor
concentration, receptor saturation, immune suppression for example through regulatory T
cells, immune escape and NK cell dysfunction. Scott et al. (2012). Some aspects of tumor
cell evasion have been characterized as the tumor cells entering an “equilibrium phase” with
a patient’s immune system, whereby tumor cells can remain in the body below the threshold
of conventional morphologic, cytogenetic or immune cell recognition. Bhatia et al., 2011

[066] To induce synergistic anti-tumor responses, the various pharmaceutical
combinations of the present invention were developed. In several aspects, the various
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pharmaceutical combinations induce both highly effective tumor specific killer T cells and
natural killer (NK) cells that are able to kill tumor cells coated with antibody against tumor
expressed receptors through ADCC. In preferred aspects, as described herein, intravenously
injecting recombinant MV A encoding CD40L induces an enhanced NK cell activation and
drastically increased the kill of antibody-coated tumor cells. This enhanced NK cell
activation when combined with the enhanced killer T cell response also induced by the MV A,
is shown to act synergistically in therapeutic tumor vaccination.

[067] In various additional aspects, the embodiments of the present invention
induce animmune response that has enhanced and/or increased ability to target and kill those
tumor and cancer cells that evade a patient’s immune system. In further aspects, the
embodiments of the present invention induce an immune response that enhances and/or
increases the efficacy of both a patient’s innate and adaptive immune responses. Being able
to enhance and/or increase both the innate and adaptive immune responses is particularly
advantageous as the present invention can target and kill those tumor cells that evade and/or
suppress a patient’s adaptive immune response as well as those tumor cells that evade and/or
suppress a patient’s innate immune response.

[068] In one embodiment, the present invention is a combination therapy
comprising: a) an intravenous (IV) administration of a recombinant MV A that comprises a
nucleic acid encoding one or more heterologous tumor associated antigens (TAA), and b) an
antibody, wherein the antibody comprises an Fc domain and is specific for an antigen
expressed on a tumor cell. In another embodiment, the combination therapy further
comprises an IV administration of CD40L. In a preferred embodiment, the CD40L is
encoded by the recombinant MV A.

[069] Described and illustrated in the present application, the pharmaceutical
combination and/or combination therapy of the present invention enhances multiple aspects
of a cancer patient’s immune response. In at least one aspect, the pharmaceutical
combination synergistically enhances both the innate and adaptive immune responses to
reduce tumor volume and increase survival of a cancer patient. One or more of the enhanced
effects of the pharmaceutical combination and/or therapy are summarized as follows.

[070] IV administration of recombinant MV A enhances NK cell response. In

one aspect, the present invention includes a recombinant MV A administered intravenously
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to a subject, wherein the IV administration induces an enhanced innate immune response,
more particularly an enhanced NK cell response in the subject as compared to a NK cell
response induced by a non-IV administration of a recombinant MV A to the subject. Shown
in Figures 1-9 and 13, IV administration of recombinant MV A induced a robust systemic
NK cell response in several compartments in both a single IV administration and when
administered intravenously as a homologous prime-boost, as compared to a non-IV
administration.

[071] TIllustrated in Figures 1-6, the quality of the NK cell response was enhanced
as compared to a non-IV administration. The activation marker CD69 is increased in all
organs analyzed (spleen, liver and lung). T he anti-apoptotic Bcl-family member Bcl-X 1, that
enhances NK cell survival, co-stimulatory CD70 and the effector cytokine IFN-y were
increased both in spleen and lung. Expression of the activating Natural Killer Group 2D
(NKG2D) receptor was especially enhanced in liver and lung after IV compared to SC
injection. NKG2D binds to ligands on tumor cells promoting their elimination (Garcia-
Cuesta et al., 2015, Reviewed in Spear et al., 2013).

[072] IV administration of recombinant MV A encoding CD40L further
enhances NK cell response. In another aspect of the present invention it was determined
that an IV administration of the CD40L antigen in addition to the recombinant MV A further
enhanced the NK cell response as compared to an IV administration of recombinant MV A
alone. As illustrated in Figures 1-9 and 13, a recombinant MV A encoding a CD40L antigen
induced a stronger NK cell response as compared to a recombinant MV A without CD40L in
both a single administration and when administered as a homologous prime boost. Further,
the quality of the NK cell response was enhanced as compared to the IV administration of
the recombinant MV A alone. Increased expression by NK cells of the effector cytokine IFN-
y was observed in all organs analyzed (Figures 1-6, spleen, liver, lung), as well as expression
of CD69 by NK cellsinall organs analyzed (Figure 5C). Moreover, Figure 7 shows increased
serum levels 6 hours after IV immunization with rMV A-CD40L compared to recombinant
MV A of IFN-y and, more importantly, the NK activating cytokine IL-12p70, both in mice
and NHPs. In addition, enhanced proliferation of NK cells, demonstrated by the expression
of Ki67, was observed not only systemically in mice (Figure 7B) but also in NHP peripheral
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blood (Figure 6F). These results show that IV immunization of rMV A-CD40L compared to
rMV A improves NK cell quality in several animal research models.

[073] While recombinant MV A viruses have been previously administered
intravenously, see, e.g.,, W02002/42480, W02014/037124, it was previously understood
that recombinant MV A administration and treatment was associated with enhancement of an
adaptive immune response, such as CD8 T cell responses. For example, in W02002/42480,
CTL responses were measured after immunizations using MV A were done either by IV
administration of 107 pfu MV A-BN per mouse, or by subcutaneous administration of 107 pfu
or 10® pfu MVA-BN per mouse. In W02014/037124, mice were intravenously inoculated
with recombinant MV A and recombinant MV A encoding CD40L. See, W02014/037124.
CTL responses were enhanced and it was determined that an increased immunogenicity of
the recombinant MV A-CD40L was independent of CD4" T cells but dependent upon CD40
in the host.

[074] In at least one aspect, the enhanced NK cell response seen by the present
invention is unexpected as it was understood in the art that MV A -induced NK cell activation
was shown to be dependent on lymph node-resident C D 169-positive subcapsular sinus (SCS)
macrophages after subcutaneous immunization (Garcia et al. Blood 2012).

[075] IV administration of recombinant MV A enhances ADCC of tumor cells.
In a further aspect, the present invention includes a recombinant MV A comprising a nucleic
acid encoding one or more heterologous antigens, wherein an IV administration to a subject
enhances an ADCC response in the subject as compared to an ADCC response from a non-
IV administration of a recombinant MV A to the subject. In a more specific aspect, the
enhancement of the ADCC response resulting from an IV administration of recombinant
MV A is characterized by anincrease in NK cells’ ability to target and kill antibody-coated
tumor cells. Illustrated in Figures 10A-10D, cell lysis of tumor cells presenting a mouse anti-
human HER2 mAb or a mouse anti-humarn/mouse Trp1 mAb was increased for NK cells
activated by anIV rMV A administration. Cell lysis of tumor cells was even further increased
for NK cells activated by a recombinant MV A together with CD40L as compared to rMV A
without CD40L.

[076] Illustrated in Figure 10D and 10E, the enhancement of an ADCC response in
the subject is additionally characterized as increasing the efficacy of the NK cell response
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such that the NK cells are able to target and kill tumor cells whose antibody bound to tumor
antigen (antibody-tumor antigen) concentration is lower. Being able to target and kill tumor
cells with decreased concentrations of antibody-coated tumor antigen is particularly
advantageous, as one of the mechanisms by which tumor cells have been shown to evade the
immune system is through downregulation of tumor antigen expression (see Scott et al.
(2012)); which decreases the concentration of antibody-tumor antigen on tumor cells.

[077] IV administration of recombinant MV A enhances NK cell killing of
tumor cells having low MHC levels. In a further aspect, illustrated in Figure 9, the
enhanced NK cell activation and NK cell response results in an enhanced killing of tumor
cells having low levels of MHC. This aspect is particularly advantageous as NK cell killing
of low MHC tumor cells occurs independently of ADCC, thereby adding an additional
pathway to attack the tumor cells. This is additionally advantageous as many tumors and/or
cancers lower MHC expression levels in attempting to evade a patient’s immune responses.

[078] IV administration of recombinant MV A boosts NK cell activation and
proliferation. In another aspect of the present invention, a recombinant MVA is
administered in multiple boosts and results in increased NK cell activation and proliferation
demonstrated in Figure 10A by means of enhanced CD69 expression. Figure 13B shows
increased proliferative capacity of blood NK cells by means of Ki67 expression 24 hours
after boost IV immunizations compared to no IV immunization. This effect was observed
when a recombinant MV A prime immunization was boosted with recombinant MV A, when
a recombinant MV A-CD40L was boosted with rMVA-CD40L, or when rMVA prime
immunization was boosted with rMV A-CD40L.

[079] Inatleastone aspectof the present invention, the enhanced NK cell responses
resulting from the repeated recombinant MV A IV administration and the recombinant MV A -
CD40L were unexpected. It was unexpected to observe increased NK cell activation and
proliferation 24 hours after boost IV immunizations in the absence of an IFN-a increase.
Indeed, it was understood that NK cell activation and priming in secondary infections and
cancer is largely driven by IFN-a. See, e.g., Stackaruk et al., Expert Rev V accines. 2013
Aug;12(8):875-84; and Muller et al., Front Immunol (2017). Unexpectedly, no increase in
IFN-o. serum levels were observed 6 hours after ’IMVA hom, rMVA-CD40L homor rMV A-
CDA40L het IV boost immunizations (Figure 14C). Altogether, repeated homologous or
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heterologous IV immunizations with rMV A comprising a nucleic acid encoding one or more
heterologous antigens resulted in unexpected NK cell activation and proliferation
independent of IFN-a.

[080] IV administration of recombinant MV A encoding a heterologous antigen
enhances a cancer patient’s adaptive immune response. In another aspect of the present
invention, there is a recombinant MV A comprising a nucleic acid encoding one or more
heterologous antigens, wherein an IV administration to the subject enhances the subject’s
adaptive immune response to the one or more heterologous antigens. In a preferred aspect,
the recombinant MV A further encodes CD40L. Illustrated in Figures 11-12, an IV
administration of the recombinant MVA expressing a heterologous antigen produced a
stronger CTL response as compared to a subcutaneous (SC) administration. Also, illustrated
in the Figures, when CD40L is included as part of the recombinant MVA, an IV
administration of the recombinant MV A antigen produced a stronger CTL response as
compared to an IV administration of a recombinant MV A without CD40L.

[081] Further, illustrated in Figures 14-16, when recombinant MV A encoding a
heterologous antigen and a CD40L were administered intravenously the quality of the T-cell
response was enhanced after IV boost immunizations. Figure 15 shows increased MV A
antigen, B8(Figure 15B) and heterologous antigen, OV A (Figure 15C) specific CD8 T cell
expansion enhanced with boost IV immunizations. This effect is linked to the cytokine and
chemokine expression pattern observed in Figure 14, where the T cell activating cytokines
CXCL10, IFN-y, CXCL1, CCL4, CCL7, CCL2, CCLS5, TNF-o, IL-12p70, and IL-18 are
quantified in the serum after IV boosts. In line with this, Figures 16A and 16B show the
expansion of memory T cells, a key feature of vaccines, after boost IV immunizations. The
ratio of CD8 T cells specific for the heterologous antigen to MV A antigen-specific CD8 T
cells increased with each immunization (Figure 15D).

[082] Prior to the present invention, it was understood that CD40L encoded by
recombinant MV A can substitute for CD4 T cell help (Lauterbach et al., 2013). Further no
effect of recombinant MV A -encoded CD40L on CD4 T cells was known. Unexpectedly, we
saw expansion of memory CD4" T cells 25 days after prime immunization (Figure 16B),
which corresponds with 4 days after boost IV immunization with rMV A-CD40L (rMVA-
CD40L hom and rMV A-CD40L het) (Day 21, see Table 1). This fact is supported by the

21



10

15

20

25

30

WO 2019/038388 PCT/EP2018/072789

increased IL-22 production, an important cytokine indicative of T helper cell responses,
quantified 6 hours after boost IV immunization in MV A-CD40L hom and MV A-CD40L het
groups (Figure 14D). This unexpected observation is relevant for the maintenance of memory
responses by rMV A-CD40L. Furthermore, CD4 T cells can support tumor-specific CD8 T
cells at the tumor site, avoid activation-induced cell death and also become cytotoxic
themselves (reviewed in K ennedy and Celis, 2008; K nutson and Disis, 2005). T hese results
are unexpected because other viral vectors, such as Adenovirus and Herpes Simplex Virus,
induce vector-specific immunity that impede the induction of immune responses to the
vaccine-encoded antigens upon boost immunization (Lauterbach et al., 2005; Pine et al.,
2011).

[083] IV Administration of recombinant MVA at the same as or after
administration of an antibody increases effectiveness of tumor cell killing. Instill further
aspects, the present disclosure provides for one or more regimens for administration of the
pharmaceutical combination of the present invention to a subject. In at least one aspect, the
regimens of the present invention increase the effectiveness of the pharmaceutical
combination and/or therapy to enhance ADCC-mediated killing of the tumor cells. In one
embodiment, a regimen of administration of the pharmaceutical combination comprises a)
administering an antibody as described herein, and b) at the same time or after the antibody
administration, intravenously administering a recombinant MV A of the present invention to
the subject.

[084] In one advantageous aspect of the present invention, administering the
recombinant MV A at the same time or after the antibody enables administered antibody to
bind tumor cells at the same time or prior to enhancement of the NK cell response that results
from administering the recombinant MV A. Accordingly, in an exemplary first step, an
antibody is administered resulting in the antibody binding to the tumor or disease infected
cells. In an exemplary second step, recombinant MV A is intravenously administered which,
as described herein, enhances and increases the subject’s NK cell response. The enhanced
NK cell response then aggressively targets and kills tumor cells having the bound antibody.

[085] In other aspects, the pharmaceutical combination of the present invention is
administered as part of a homologous and/or heterologous prime-boost regimen. Illustrated
in Figures 11-16, a homologous and/or heterologous prime boost regimen prolongs and
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reactivates enhanced NK cell responses as well as increases a subject’s specific CD8 and
CDAT cell responses.

[086] IV administration of recombinant MV A enhances anti-tumor effects. In
another aspect of the present invention, there is a recombinant MV A comprising a nucleic
acid encoding one or more heterologous antigens, whereinan IV administration to the subject
results in an increase in the survival rate of the subject as well as a reduction in the overall
tumor volume, as compared to a non-IV administration. In a preferred aspect, the
recombinant MV A further encodes CD40L. Illustrated in Figures 17 and 18, an IV
administration of the recombinant MV A resulted in a greater overall survival rate and a
greater reduction in tumor volume or a longer control of tumor growth as comparedtoa SC
administration. Also illustrated, CD40L included as part of the recombinant MV A produced
an improved overall survival and tumor reduction as compared to an IV administration of a
recombinant MV A without CD40L. Illustrated in Figure 19, CD40L included as part of the
recombinant MV A increased total CD8 and antigen (OV A )-specific T cell accumulationin
peripheral blood of tumor bearers compared to an IV administration of a recombinant MV A
without CD40L. Inaddition, CD8T cells are critical mediators of rMV A-CD40L anti-tumor
effect, since antibody-mediated depletion of CD8 cells results in lack of prolonged overall
survival.

[087] IV administration of MVA encoding for two heterologous antigens
increases anti-tumor efficacy. In another aspect of the present invention illustrated in
Figure 291, IV immunization utilizing MV A encoding for two heterologous antigens (OV A
and TRP2) induces prolonged tumor growth control and increases overall survival. CD40L
included as part of the recombinant MV A encoding for two heterologous antigens enhances
the anti-tumor response compared to an IV administration of a recombinant MVA with
CD40L and only one heterologous antigen. Since cancers utilize diverse mechanisms of
immune escape as downregulation of tumor antigens (J ensen et al., 2012), encoding two or
more tumor antigens in the vaccine limits the development of escape mechanisms to the anti-
tumor immune response.

[088] IV administration of MVA reduces a tumor’s immunosuppressive
effects. Illustrated in Figures 29 and 32, intravenously administered recombinant MV A
encoding a heterologous antigen and optionally a CD40L, induced infiltration of CD8" T
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cells in the tumor and reduced multiple immunosuppressive effects typically employed by
tumors to evade the immune system. In addition to increased endogenous CD 8" cells within
the tumors upon recombinant MV A with or without CD40L challenge, antigen (OV A)-
specific T cells wereincreased in spleen and tumors upon IV administration of a recombinant
MVA with CD40L compared to MVA without CD40L. Moreover, tumor infiltrating T
lymphocytes expressed less immunosuppressive surface molecules PD-1 and Lag3 when
checked in endogenous T cells (Figures 22C-E, 23B) or transferred antigen (OV A)-specific
T cells (Figure 21 D) and were proliferating in the tumor microenvironment. Reduced PD-1
expression on tumor-infiltrating T cells after rMVA and rMV A-CD40L immunization was
unexpected because type I and II interferons, which are induced by both vectors (Figures
14C and E), are known inducer of PD-1 and PD-L1 expression (Reviewed by Dong et al.,
2017). Unexpectedly, immunosuppressive T regulatory cell (Treg) numbers in the tumor
microenvironment were decreased (22F, 23A) when recombinant MVA encoding a
heterologous antigen and optionally a CD40L, resulting in an enhanced effector T cell to
Treg ratio in the tumor microenvironment (Figure 23B). Reduced expression of immune-
dampening molecules such as PD-1 and Lag3 as well as reduced numbers of Tregs in the
tumor tissue correlate with the enhanced anti-tumor effects seen after rMVA and rMVA-
CD40L immunization.

[089] T he pharmaceutical combination of the present invention reduces tumor
burden and increases survival rate in cancer patients. In various embodiments, the
pharmaceutical combination includes a) an IV administration of a recombinant MV A
encoding a heterologous TAA and optionally CD40L and b) an administration of an
antibody. Shown in Figures 26 and 33, the pharmaceutical combination resulted in a
reduction in tumor volume and an increase in overall survival rate.

[090] In atleast one aspect, the enhanced anti-tumor effects of the pharmaceutical
combination (e.g., reduced tumor volume and/or increased survival rate) is achieved from
the synergistic combining of the individual enhancements of the innate and adaptive T cell
responses described herein. In one exemplary embodiment, these individual enhancements
include one or more of those listed above, e.g., an enhanced innate (e.g., NK cell) response,
enhanced ADCC mediated killing of tumor cells, enhanced NK cell killing of tumor cells
having lower MHC class I levels, and an enhanced adaptive T cell response. Furthermore,
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the one or more dosing regimens of the present invention further improve and enable a
patient’s immune system to kill tumor cells over a period of time.

[091] IV Administration of MV A-HE R2-Brachyury plus anti-HE R2 antibody.
In one advantageous embodiment of the invention, the pharmaceutical combination
comprises a) an intravenous administration of a recombinant MV A encoding HER2 and
Brachyury antigens and optionally a CD40L and b) an administration of an anti-HER2
antibody. This embodiment induces the enhanced immune response described herein and
additionally focuses tumor cell killing on HER2 and Brachyury expressing tumor cells. In
additional advantageous aspects, the HER2 antigen comprises one more modifications that
further increase the efficacy of the combination therapy of the present invention. Shownin
Figure 29, the rMV A-HER2-Brachyury and the rMV A-HER2-Brachyury-CD40L showed
activation of Dendritic Cells (DCs). DC activation was enhanced by rMVA-HER2-
Brachyury-CD40L as compared to rMVA-HER2-Brachyury. Shown in Figure 33,
administration of the pharmaceutical combination described in the present invention resulted
in a significant increase in tumor reduction and overall survival rate of the subjects.

[092] Inone specific embodiment, the present invention is directed and tailored to
treat cancer patients with HER2 expressing malignancies such as HER2 positive breast or
gastric cancers which are treated with HER2 binding antibodies. The recombinant MV A
encoding HER2 induces highly effective killer T cells against the HER2 expressing tumor
cells while the Brachyury transgene encoded by the recombinant MV A induces highly
effective killer T cells against Brachyury tumor cells that have the potential to be metastatic.
Definitions

[093] As used herein, the singular forms "a", "an", and "the", include plural
references unless the context clearly indicates otherwise. Thus, for example, reference to "a
nucleic acid" includes one or more of the nucleic acid and reference to "the method" includes
reference to equivalent steps and methods known to those of ordinary skill in the art that
could be modified or substituted for the methods described herein.

[094] Unless otherwise indicated, the term "at least" preceding a series of elements
is to be understood to refer to every element in the series. Those skilled in the art will

recognize, or be able to ascertain using no more than routine experimentation, many
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equivalents to the specific embodiments of the invention described herein. Such equivalents
are intended to be encompassed by the present invention.

[095] T hroughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising”, will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integer or
step. When used herein the term "comprising" can be substituted with the term "containing”
or "including" or sometimes when used herein with the term "having". Any of the
aforementioned terms (comprising, containing, including, having), though less preferred,
whenever used herein in the context of an aspect or embodiment of the present invention can
be substituted with the term "consisting of. When used herein ““consisting of”” excludes any
element, step, oringredient not specifiedin the claim element. When used herein, "consisting
essentially of" does not exclude materials or steps that do not materially affect the basic and
novel characteristics of the claim.

[096] As used herein, the conjunctive term "and/or" between multiple recited
elements is understood as encompassing both individual and combined options. For
instance, where two elements are conjoined by "and/or", a first option refers to the
applicability of the first element without the second. A second option refers to the
applicability of the second element without the first. A third option refers to the applicability
of the first and second elements together. Any one of these options is understood to fall
within the meaning, and therefore satisfy the requirement of the term "and/or" as used herein.
Concurrent applicability of more than one of the options is also understood to fall within the
meaning, and therefore satisfy the requirement of the term "and/or."

[097] “Mutation” described herein is as defined herein any a modification to a
nucleic acid or amino acid, such as deletions, additions, insertions, and/or substitutions.

[098] A “host cell” as used herein is a cell that has been introduced with a foreign
molecule, virus, or microorganism. Inone non-limiting example, as described herein, a cell
of a suitable cell culture as, e.g., CEF cells, can be infected with a poxvirus or, in other
alternative embodiments, with a plasmid vector comprising a foreign or heterologous gene.
Thus, a suitable host cell and cell cultures serve as a host to poxvirus and/or foreign or
heterologous gene.
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[099] "Percent (%) sequence homology or identity” with respect to nucleic acid
sequences described herein is defined as the percentage of nucleotides in a candidate
sequence that are identical with the nucleotides in the reference sequence (i.e., the nucleic
acid sequence from which it is derived), after aligning the sequences and introducing gaps,
if necessary, to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of
determining percent nucleotide sequence identity or homology can be achieved in various
ways that are within the skill in the art, for example, using publicly available computer
software such as BLAST, ALIGN, or Megalign (DNASTAR) software. Those skilled in the
art can determine appropriate parameters for measuring alignment, including any algorithms
needed to achieve maximum alignment over the full ength of the sequences being compared.

[0100] For example, an appropriate alignment for nucleic acid sequences is provided
by the local homology algorithm of Smith and Waterman, (1981), Advances in Applied
Mathematics 2:482- 489. This algorithm can be applied to amino acid sequences by using
the scoring matrix developed by Dayhoff, Atlas of Protein Sequences and Structure, M. O.
Dayhoff ed., 5 suppl. 3:353-358, National Biomedical Research Foundation, Washington,
D.C., USA, and normalized by Gribskov (1986), Nucl. Acids Res. 14(6):6745-6763. An
exemplary implementation of this algorithm to determine percent identity of a sequence is
provided by the Genetics Computer Group (Madison, Wis.) in the "BestFit" utility
application. T he default parameters for this method are described in the Wisconsin Sequence
Analysis Package Program Manual, V ersion 8 (1995) (available from Genetics Computer
Group, Madison, Wis.). A preferred method of establishing percent identity in the context of
the present invention is to use the MPSRCH package of programs copyrighted by the
University of Edinburgh, developed by John F. Collins and Shane S. Sturrok, and distributed
by IntelliGenetics, Inc. (Mountain View, Calif). From this suite of packages the Smith-
Waterman algorithm can be employed where default parameters are used for the scoring
table (for example, gap open penalty of 12, gap extension penalty of one, and a gap of six).
From the data generated the "Match" value reflects "sequence identity." Other suitable
programs for calculating the percent identity or similarity between sequences are generally
known in the art, for example, another alignment program is BLAST, used with default
parameters. For example, BLASTN and BLASTP can be used using the following default
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parameters: genetic code=standard; filter=none; strand=both; cutoff=60; expect=10;
Matrix=BLOSUM®62; Descriptions=50 sequences; sort by=HIGH SCORE; Databases=non-
redundant, GenBank+EMBL+DDBJ+PDB+ GenBank CDS translations+Swiss
protein+Spupdate+PIR. Details of these programs can be found at the following internet
address: blast.ncbi.nlm.nih.gov/.

[0101] The term “prime-boost vaccination” or “prime-boost regimen” refers to a
vaccination strategy or regimen 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 uses a vaccine comprising the same antigen 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 antigen 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
recombinant poxvirus comprising nucleic acids expressing one or more antigens for the
priming injection and the same recombinant poxvirus expressing one or more antigens for
the one or more boosting injections. Incontrast, a heterologous prime-boost vaccination may
use a recombinant poxvirus comprising nucleic acids expressing one or more antigens for
the priming injection and a different recombinant poxvirus expressing one or more antigens
for the one or more boosting injections.

[0102] The term "recombinant” means a polynucleotide, virus or vector of
semisynthetic, or synthetic origin which either does not occur in nature or is linked to another
polynucleotide in an arrangement not found in nature.

[0103] As used herein, reducing or a reduction in tumor vol ume can be characterized
as a reduction in tumor volume and/or size but can also be characterized in terms of clinical
trial endpoints understood inthe art. Some exemplary clinical trial endpoints associated with
a reduction in tumor volume and/or size can include, but are not limited to, Response Rate
(RR), Objective response rate (ORR), and so forth.

[0104] As used herein anincrease in survival rate can be characterized as an increase
insurvival of a cancer patient, but can also be characterized in terms of clinical trial endpoints
understood in the art. Some exemplary clinical trial endpoints associated with anincreasein
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survival rate include, but are not limited to, overall survival rate (ORR), Progression free
survival (PFS) and so forth.

[0105] As used herein, a “transgene” or "heterologous” gene is understood to be a
nucleic acid or amino acid sequence which is not present in the wild-type poxviral genome
(e.g., Vaccinia, Fowlpox, or MVA). The skilled person understands that a “transgene” or
"heterologous gene", when present in a poxvirus, such as Vaccinia Virus, is to be
incorporated into the poxviral genome in such a way that, following administration of the
recombinant poxvirus to a host cell, itis expressed as the corresponding heterologous gene
product, i.e., as the "heterologous antigen" and\or "heterologous protein." Expression is
normally achieved by operatively linking the heterologous gene to regulatory elements that
allow expression in the poxvirus-infected cell. Preferably, the regulatory elements include a
natural or synthetic poxviral promoter.

[0106] A "vector" refers to a recombinant DNA or RNA plasmid or virus that can
comprise a heterologous polynucleotide. The heterologous polynucleotide may comprise a
sequence of interest for purposes of prevention or therapy, and may optionally be in the form
of an expression cassette. As used herein, a vector needs not be capable of replication in the
ultimate target cell or subject. The term includes cloning vectors and viral vectors.

Pharmaceutical Combinations and Methods

[0107] In various embodiments, the present invention includes a pharmaceutical
combination for treating a cancer patient by reducing tumor volume and/or increasing
survival in the cancer patient. The pharmaceutical combination comprises a recombinant
MV A comprising a first nucleic acid encoding a first heterologous tumor-associated antigen
(TAA) that when administered intravenously induces both an enhanced Natural Killer (NK)
cell response and an enhanced T cell response as compared to a NK cell response and a T
cell response induced by a non-intravenous administration of a recombinant MV A virus
comprising a nucleic acid encoding a heterologous tumor-associated antigen.

Enhanced NK Cell Response

[0108] In one aspect, an enhanced NK cell response according to the present

disclosure is characterized by one or more of the following: 1) an increase in NK cell
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frequency, 2) anincrease in NK cell activation, and/or 3) anincrease in NK cell proliferation.
Thus, whether an NK cell response is enhanced in accordance with the present disclosure
can be determined by measuring the expression of one or more cytokines which are indicative
of anincreased NK cell frequency, increased NK cell activation, and/or increased NK cell
proliferation. Exemplary markers that are useful in measuring NK cell frequency and/or
activity include one or more of: NK p46, IFN-y, CD69, CD70, NKG2D, FasL, granzyme B,
CD56, and/or Bcl-X . Exemplary markers that are useful in measuring NK cell activation
include one or more of IFN-y, CD69, CD70, NKG2D, FasL, granzyme B and/or Bel-X ..
Exemplary markers that are useful in measuring NK cell proliferation include: Ki67. These
molecules and the measurement thereof are validated assays that are understood in the art
and can be carried out according to known techniques. See, e.g. Borrego et al., Immunology
1999; Fogeln et al., 2013. Additionally, assays for measuring the molecules can be found in
Examples 1-3, and 9 of the present disclosure. At least in one aspect, 1) anincrease in NK
cell frequency can be defined as at least a 2-fold increase in CD3'NK p46™ cells compared to
pre-treatment/baseling; 2) anincrease in NK cell activation can be defined as at |east a 2-fold
increase in IFN-y, CD69, CD70, NKG2D, FasL, granzyme B and/or Bcl-X | expression
compared to pre-treatment/baseline expression; and/or 3) anincrease in NK cell proliferation
is defined as at least a 1.5 fold increase in Ki67 expression compared to pre-
treatment/baseline expression.

[0109] In a more preferred aspect, an “enhanced NK cell response” as used in the
present disclosure is characterized by anincrease in NK cell mediated tumor cell killing. NK
cell mediated tumor cell killing can be analyzed by measuring release of Lactate
Dehydrogenase (LDH) into the cell culture medium, as shown in Example 5. Thus, within
the context of the present invention, whether or not a pharmaceutical combination “enhances
an NK cell response” can be characterized by the existence of an increase in NK cell
mediated tumor cell killing. NK cell mediated tumor cell killing can be analyzed by
measuring the release of Lactate Dehydrogenase as seen in Example 5. Assays associated
with LDH and the measurement thereof are validated and understood in the art. At least one
aspect, the increasein NK cell mediated tumor cell killing can be defined as at least a 2-fold
increase in tumor cell killing.
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E nhanced ADCC response

[0110] In at least one aspect, the enhanced NK cell response induced by the present
invention results in an enhanced ADCC response. An “enhanced ADCC response”
according to the present invention is characterized by an increase in innate immune effector
cells’ ability to target and kill tumor cells coated by antibodies. In the context of the present
disclosure an innate immune effector can include, but is not limited to, NK cells,
macrophages, neutrophils, basophils, eosinophils, mast cells, dendritic cells and so forth. In
amore preferred aspect, an innate immune effector is an NK cell. Assays that are useful for
measuring an effector cell’s ability to kill tumor cells include ex vivo Effector: target killing
assays, where “effector” are isolated effector cells and “target” are tumor cells in the presence
of antibodies. See Y amashita et al., 2016 and Broussas et al. (2013). The ex vivo Effector:
target killing assays are validated and understood in the art. Additionally, assays for
measuring an effector cell’s ability to kill tumor cells can be found in Example 5. Thus, in
one aspect, within the context of the present application, whether or not an enhanced innate
immune response, including an enhanced NK cell response, enhances ADCC can be
characterized by measuring levels of tumor cell killing through one or more of: 1) using
different ratios of effector cells per coated target cell (tumor cell coated with antibody) ; and
2) using a constant ratio of effector cells and one or more concentrations of antibodies e.g.,
lower concentrations of antibody bound to tumor antigen are compared to levels of tumor
cell killing at higher concentrations.

[0111] In a preferred aspect “enhances ADCC response” according to the present
disclosure is characterized by an increase in NK cells’ ability to target and kill tumor cells
coated by antibodies. Assays that are useful for measuring an NK cell’s ability to kill tumor
cells include ex vivo Effector: target killing assays, where “effector” are isolated NK cells
and “target” are tumor cells in the presence of antibodies. Additionally, assays for measuring
aNK cell’s ability to kill tumor cells can be found in Example 5. Thus, in one aspect, within
the context of the present application, whether or not an NK cell response enhances ADCC
can be characterized by measuring levels of tumor cell killing: 1) using different ratios of
NK cells per coated target cell (tumor cell coated with antibody); and/or 2) using a constant
ratio of NK cellsand one or more concentrations of antibodies e.g., lower concentrations of
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antibody bound to tumor antigen are compared to levels of tumor cell killing at higher
concentrations.
Stronger NK cell mediated toxicity

[0112] In additional aspects, the enhanced NK cell response results in an increased
ability of the innate immune effectors, such as NK cells, to attack and kill tumor cells having
low MHC expression levels. In one aspect killing tumor cells having low MHC levels can
be characterized by innate immune effectors, e.g., NK cells, having a stronger NK cell
mediated toxicity, meaning NK cells are more efficiently killing tumor cells. NK cells
having a stronger NK cell mediated toxicity can be measured by an increased number of
tumor cells killed per NK cells. This can be determined through the use of an effector: target
killing assay. Such assays are validated and known in the art and demonstrated by the present
applicationin at least Example 4 and Figure 9.

E nhanced innate immune effector cells

[0113] In additional aspects, an IV administration of the recombinant poxviruses of
the present application not only enhances the NK cell response, but also enhances all aspects
of the innate immune response. Enhancement of the innate immune response can be
characterized as an increase in innate effector cell 1) frequency, 2) activation, and/or 3)
proliferation. The innate effector cells can include NK cells, innate lymphoid cells (ILCs),
macrophages, neutrophils, basophils, eosinophils, mast cells, monocytes, and/or dendritic
cells. Invarious aspects, whether aninnate immune response is enhanced in accordance with
the present application can be determined by measuring one or more of the expression of
cytokines and/or activation markers associated with the described effector cells of the innate
response. These cytokines and activation markers and the measurement thereof are validated
and understood in the art and can be carried out according to known techniques. See, e.g
Borrego et al., Immunology 1999; Fogeln et al., 2013.

Enhanced T Cell response

[0114] In accordance with the present application, an “enhanced T cell response” is
characterized by one or more of the following: 1) anincrease in frequency of CD8 T cells;
2) anincrease in CD8 T cell activation; and/or 3) an increase in CD8 T cell proliferation.
Thus, whether a T cell response is enhanced in accordance with the present application can
be determined by measuring the expression of one or more cytokines which are indicative of
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1) anincrease in CD8 T cell frequency 2) an increase in CD8 T cell activation; and/or 3) an
increase CD8 T cell proliferation. Exemplary markers that are useful in measuring CD8 T
cell frequency, activation, and proliferation include CD3, CD8, IFN-y, TNF-a, IL-2, CD69
and/or CD44, and K67, respectively. Measuring antigen specific T cell frequency can also
be measured by ELIspot or MHC Multimers such as pentamers or dextramers as shown in
Figures 11, 12, 15, 19, and 21. Such measurements and assays are validated and understood
inthe art.

[0115] In one aspect, anincrease in CD8 T cell frequency is characterized by an at
least a 2-fold increase in IFN-y and/or dextramer” CD8 T cells compared to pre-
treatment/baseline. Anincreasein CD8 T cell activation is characterized as at least a 2-fold
increase in CD69 and/or CD44 expression compared to pre-treatment/baseline expression.
Anincreasein CD8 T cell proliferation is characterized as at least a 2-fold increase in Ki67
expression compared to pre-treatment/baseline expression.

[0116] In an alternative aspect, an enhanced T cell response is characterized by an
increase in CD8 T cell expression of effector cytokines and/or an increase of cytotoxic
effector functions. An increase in expression of effector cytokines can be measured by
expression of one or more of IFN-y, TNF-a, and/or IL-2 compared to pre-treatment/baseline.
Anincrease in cytotoxic effector functions can be measured by expression of one or more of
CD107a, granzyme B, and/or perforin and/or antigen-specific killing of target cells.

[0117] The assays, cytokines, markers, and molecules described herein and the
measurement thereof are validated and understood in the art and can be carried out according
to known techniques. Additionally, assays for measuring the T cells responses can be found
in Examples 6 and 7, wherein T cell responses were analyzed.

[0118] Theenhanced T cell response realized by the presentinvention s particularly
advantageous in combination with the enhanced NK cell response, as the enhanced T cells
effectively target and kill those tumor cells that have evaded and/or survived past the initial
innate immune responses in the cancer patient. Furthermore, antibody treatment can enhance
MHC class I presentation of TAAS, resulting in higher susceptibility of TAA-expressing
tumors to lysis by TAA-specific T cells (Kono et al., Clin Cancer Res 2004).

[0119] In additional embodiments, the pharmaceutical combination further

comprises an antibody, wherein the antibody is specific to an antigen that is expressed or
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overexpressed on the cell membrane, preferably an outer cell membrane of a tumor cell. It
is contemplated that the antibody can be any antibody as described by the present disclosure.
In preferred embodiments, the antibody comprises an Fc domain.

[0120] In additional embodiments, there is a method for reducing tumor volume

and/or increasing survival in a cancer patient. The method comprises a) intravenously
administering to the cancer patient a recombinant MV A comprising a first nucleic acid
encoding a first heterologous tumor-associated antigen (TAA) that when administered
intravenously induces both an enhanced innate immune response and an enhanced T cell
response as compared to an innate immune response and a T cell response induced by a non-
intravenous administration of a recombinant MV A virus comprising a nucleic acid encoding
a heterologous tumor -associated antigen; and b) administering to the cancer patient an
antibody, wherein the antibody comprises an Fc domain and is specific to an antigen that is
expressed on the cell membrane of a tumor cell, wherein administration of a) and b) to the
cancer patient reduces tumor size in the cancer patient and/or increases survival of the cancer
patient as compared to a non- intravenous administration of a) or an administration of b)
alone. Inamore preferred embodiment, the enhanced innate immune response comprises an
enhanced NK cell response as described herein.

[0121] Inanother embodiment, there is a method for enhancing antibody therapy in
a patient, the method comprising a) administering to the cancer patient an antibody, wherein
the antibody comprises an Fc domain and is specific to an antigen that is expressed on the
cell membrane of a tumor cell, and wherein administering the antibody induces ADCC inthe
patient; and b) intravenously administering to the cancer patient a recombinant MV A
comprising afirst nucleic acid encoding afirst heterologous tumor-associated antigen (TAA)
that induces both an enhanced innate immune response and an enhanced T cell response in
the patient, wherein the enhanced innate immune response enhances the ADCC in the patient,
as compared to a non-intravenously administered combination of a) and b) or a) and b) alone.
In a more preferred embodiment, the enhanced innate immune response comprises an
enhanced NK cell response as described herein.

[0122] Instill another embodiment there is a method for increasing the effectiveness
of antibody therapy in a cancer patient, the method comprising administering the
pharmaceutical combination of the present invention, wherein administering the combination
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to the patient decreases the antibody concentration needed for NK cell-mediated toxicity in
tumor cells. In at |least one advantageous aspect, decreasing antibody concentration needed
for NK cell mediated toxicity enables the enhanced NK cell response to kill tumor cells that
have decreased extracellular antigen expression in order to evade destruction by bound
antibody targets. Additionally, decreasing needed antibody concentration can enable
treatment with decreasing amounts of antibody.

[0123] In the context of the present application, decreasing the antibody
concentration needed for NK cell mediated toxicity can be characterized as a decrease in
antibody concentration needed for tumor cell killing. A decrease in antibody concentration
needed for tumor cell killing can be measured by an ex vivo Effector: target killing assays,
where “effector” are isolated NK cells and “target” are tumor cells in the presence of
antibodies. Additionally, assays for measuring include measuring levels of tumor cell killing
by for example, 1) using different ratios of NK cells per coated target cell (tumor cell coated
with antibody); and/or 2) using a constant ratio of NK cells and one or more concentrations
of antibodies e.g., lower concentrations of antibody bound to tumor antigen are compared to
levels of tumor cell killing at higher concentrations. Such assays are known in the art and
also presently described in Example 5 and 31 of the present application.

[0124] Inyet additional embodiments, the pharmaceutical combination and methods
described herein are for treating a human cancer patient. In preferred embodiments, the
cancer patient is suffering from and/or is diagnosed with a cancer selected from the group
consisting of: breast cancer, lung cancer, head and neck cancer, thyroid, melanoma, gastric
cancer, bladder cancer, kidney cancer, liver cancer, melanoma, pancreatic cancer, prostate
cancer, ovarian cancer, urothelial, cervical, or colorectal cancer.

[0125] In still additional preferred embodiments, the pharmaceutical combinations
and methods of the present invention each comprise CD40L. Preferably the CD40L is
encoded by the recombinant MV A.

E xemplary Tumor-Associated Antigens

[0126] In certain preferred embodiments, the first and/or second Tumor A ssociated
antigen (TAA) includes but is not limited to HER2, PSA, PAP, CEA, MUC-1, survivin,
TYRP1, TY RP2, or Brachyury alone or in combinations. Such exemplary combination may
include HER2 and Brachyury, CEA and MUC-1, or PAP and PSA.
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[0127] Numerous TAAs are known in the art. Exemplary TAAs include, but are not
limited to, 5 alpha reductase, alpha-fetoprotein, AM-1, APC, April, BAGE, beta-catenin,
Bcl12, ber-abl, Brachyury, CA-125, CASP-8/FLICE, Cathepsins, CD19, CD20, CD21,
CD23,CD22,CD33CD35,CD44, CD45, CD46, CD5,CD52, CD55,CD59, CDC27, CDK4,
CEA, c-myc, Cox-2, DCC, DcR3, E6/E7, CGFR, EMBP, Dna78, farnesyl transferase,
FGF8b, FGF83, FLK-1/KDR, folic acid receptor, G250, GA GE-family, gastrin 17, gastrin-
releasing hormone, GD2/GD3/GM2, GnRH, GnTV, GP1, gp100/Pmel17, gp-100-in4, gp15,
gp75/TRP-1, hCG, heparanse, HER2/neu, HMTV, Hsp70, hTERT, IGFR1, IL-13R, iNOS,
Ki67, KIAA0205, K-ras, H-ras, N-ras, KSA, LKLR-FUT, MAGE-family, mammaglobin,
MAP17, melan-A/MART-1, mesothelin, MIC A/B, MT-MMPs, mucin, NY-ESO-1,
osteonectin, p15, P170/MDR1, p53, p97/melanotransferrin, PAI-1, PDGF, uPA, PRAME,
probasin, progenipoientin, PSA, PSM, RAGE-1, Rb, RCAS1, SART-1, SSX-family,
STAT3, STn, TAG-72, TGF-alpha, TGF-beta, Thymosin-beta-15, TNF-alpha, TYRP-,
TY RP-2, tyrosinase, VEGF, ZAG, p16INK 4, and glutathione-S-transferase.

[0128] A preferred PSA antigen comprises the amino acid change of isoleucine to
leucine at position 155. U.S as found in US Patent 7,247,615, which is incorporated herein
by reference.

[0129] In more preferred embodiments of present invention, the first and/or second
heterologous TAA are selected from HER2 and Brachyury. In even more preferred
embodiments, the first and/or second heterologous TAA are selected from the synthetic
HER2 and Brachyury proteins as described herein.

[0130] In additional preferred embodiments, the first and/or second heterologous
TAA comprise one or more mutations. In at least one embodiment, the one or more
mutations comprise mutations that prevent the antibodies of the present disclosure from
binding to the first and/or second heterologous TAA. In additional embodiments, the one or
more mutations comprise mutations that prevent the first and/or second TAA from
performing the one or more normal cellular functions of the TAA. Exemplary embodiments
of the one or more mutations are described by the synthetic HER2 and synthetic Brachyury
proteins of the present invention.

Synthetic HER2 proteins
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[0131] With the development of the present invention, the inventors determined that
one or more modifications of the HER2 antigens and/or nucleic acids encoding the HER2
antigens as described herein increase the efficacy of the combination therapy.

[0132] Accordingly, invarious embodiments the present invention includes a nucleic
acid encoding a HER 2 antigen selected from HER2v1 and HER2v2, HER2v1 and HER2v2
comprise SEQ ID NO: 1 and SEQ ID NO: 13, respectively.

[0133] In at least one specific aspect, the nucleic acid encoded by SEQ ID NO:1
and/or 13 is particularly advantageous as SEQ ID NO: 1 and/or 13 is configured to function
synergistically with antibodies to the HER2 antigen when administered as part of the
combination therapy.

[0134] In one exemplary embodiment of the present invention, the HER 2 antibodies
comprise those antibodies that are approved for treatment of a HER2 expressing cancer, or
in more specific embodiment, a HER2 expressing breast cancer. Two humanized
monoclonal antibodies targeting HER2 have been developed and approved for treatment of
HER2-expressing breast cancer. Both antibodies bind at different sites in the extracellular
domain of HER2. Trastuzumab (branded as Herceptin+ and having Herzuma and ABP 980
as biosimilars) binding results in signal transduction blockade and prevention of HER2
cleavage. Incontrast, Pertuzumab (Perjeta+ ) sterically blocks HER2 dimerization with other
EGF receptors and blocks ligand-activated signaling. Both Trastuzumab and Pertuzumab
provide adual blockade of HER2-driven signaling pathways and in addition have the ability
to mediate ADCC against breast cancer. Thus, in various specific embodiments of the
present invention, the antibodies of the present invention comprise T rastuzumab, Herzuma,
ABP 980, and/or Pertuzumab.

Synthetic HER2 v1
[0135] Inone or more embodiments, the synthetic HER2 protein is HER2v1 (SEQ

ID NO: 1). As previously described herein, to enhance the efficacy of the combination
therapy, mutations to the transgenes encoded by the recombinant MV A are madeto minimize
any potential interaction and/or binding between the transgene and the administered
antibodies. Accordingly, to enhance the efficacy of a therapy involving co-administration of
aHER2 antibody such as, Trastuzumab and Pertuzumab, one or more mutations of the HER 2

antigen were made. More specifically, the relevant antibody binding sites in HER2 were
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mutated. Thus, in one or more embodiments, the synthetic HER2 protein comprises one or
more mutations in the following amino acid domains: 579-625 (Trastuzumab Binding
domain), 267-337 (Pertuzumab binding domain), 274-288 (HER2 dimerization domain),
721-987 (kinase domain), and 1139-1248 (phosphorylation domain). In one or more
exemplary embodiments of the present invention, the HER 2 antigen includes one or more of
the following mutations: E580A, F595A, K615A, L317A, H318A, D277R, E280K, K753M,
Y 1023A. Mutations to the HER2v1 antigen (based on HER2 (NP_004439.2) are illustrated
below.

1 MELAALCRWG LLLALLPPGA ASTQVCTGTD MKLRLPASPE THLDMLRHLY QGCQVVQGNL

&l ELTYLPTNAS LSFLODIQEV QGYVLIAHNG VROVPLQRLR TIVRGTQLFED NYALAVLDNG
121 DPLNNTTPVT GASPGGLREL QLRSLTEILK GGVLIQRENPQ LCYQUTILWK DIFHENNQLA
181 LTLIDTNRESE ACHPCEPMCK GBRCWGESSE DCQSLTRTVC AGGCARCKGP  LPTODCCHEQC
241 ARGCTGPKHE DCLACLHENH SGICELHCPR LVTYNTETFﬁ SMENPEGRYT FGASCVTACPE
301 YNYLSTDVGES CTLVCEARANQ EVTAREDGTQR CEKCSKPCAR VCYGLGMEHL. REVRAVTSAN
361l IQEFRGCEKI FSSLAFLEES FDGDPASNTA PLOPEQLOVE ETLEEITSYL YISAWEDSLE
421 DLESVEFQNLOY IRGRILHNGA YSLTLQGLGI SWLGLRSLEE LESGLALIHH NTHLCEVHTV
481 PWDQLFRNPH QALLHTANRE EDECVGEGLA. THOLCARGHC WGEGPTOCVN CSQELRGOEC
541 VEECEVLQGL PREYVNRREHC LECHPECQEQ NGSVTCEGPR. ADQUVACAHY KDPPACVARC
601 PRGVEERDLSY MPIWAFPDEE GACQPCPING THSCVDLDDK GCPAEQRASE LTSIISEVVG
661 ILLVVVLGVV FGILIKRRQQ KIRKYTMREL LOETELVEPL TESGAMENQA QMRILKETEL
721 REVEVLGSGA FGTVYKGIWI POGENVKIBY AI@VLRENTS PKANKEILDE AYVMAGUVGSE
781 ¥VWSRLLGICL TSTVQLVTOL MPYGCLLDHV RENRGRLGSD DLLNWCMQIA KGMSYLEDVR
841 LVHRDLAARN VLVKSPNHVEK ITDFGLARLL DIDETEYHAD GGKVEPIKWMA LESILRRRET
901 HQSDVWSYEV TVWELMTEGA KPYDGIFARE IPDLLEKGER LEQPEICTID VYMIMVKCHM
961 IDSECRPRER ELVSEFSRMA RDEQRFVVIQ NEDLGPASPL DSTEYRSLLE DDDMGDLVDA
1021 EEALVEQQGE FCPDPAPGAG GMVHHRHRSS STRSGGGDLT LGLEPSEEEA FRSPLAPSEG
1081 AGSDVEDGDL GMGAAKGLOS LPTHDPSELY RYSEDPTVEL PSETDGYVEP LTCSPQPEYW

11471 NOEPWVRPOER-SPERGPEPAT-FB (308 S . T W s el = o 3 6 BRI e B et on ey B B4y 1 ) s A R
b

1201 POPHPP—PARSPAFEBNE¥YHBODPERR-GRAPPSTEKET-PEARNPEYLG LDVEV
Amino Acid Sequence of HER2 v1. Synthetic HER shown above is based from HER2
NP_004439.2. Mutated amino acids are shown by underlines and strikethrough. Amino
Acids 579-625 s the binding site for Herceptin. Amino Acids 267-337 is the binding site

for Perjeta. Amino Acids 274-288 are the residues for the Dimerziation domain. Amino
Acids 721-987 are the residues for the kinase domian. Amino Acids 1139-1248 are the
residues in the phosphorylation domain. [SEQ ID NO: 1]

Synthetic HER2 v2

[0136] In one or more embodiments, the synthetic HER2 proteinis HER2v2 (SEQ
ID NO: 13). As previously described herein, to enhance the efficacy of the combination
therapy, mutations to the transgenes encoded by the recombinant MV A are made to minimize
any potential interaction and/or binding between the transgene and the administered
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antibodies. Accordingly, to enhance the efficacy of a therapy involving co-administration of
aHER2 antibody such as, Trastuzumab and Pertuzumab, one or more mutations of the HER 2
antigen were made. More specifically, the relevant antibody binding sites in HER2 were
mutated. Thus, in one or more embodiments, the synthetic HER2 protein comprises one or
more mutations in the following amino acid domains: 579-625 (Trastuzumab Binding
domain), 267-337 (Pertuzumab binding domain), 274-288 (HER2 dimerization domain),
721-987 (kinase domain), and 1139-1248 (phosphorylation domain). In one or more
exemplary embodiments of the present invention, the HER2 antigen includes one or more of
the following mutations: E580A, F595A, K615A, L317A, H318A, D277R, E280K, K753M,
Y 1023A.

[0137] At least in one aspect, the above mutations enhance the combination therapy
as they function to minimize any interaction and/or unwanted binding of MVA-HER2
antigen withthe HE R 2 antibodies Trastuzumab and Pertuzumab. Interaction of T rastuzumab
with HER2 involves 3 loops in the juxtamembrane region of HER2 formed by amino acids
579-583 (loop1), 592-595 (loop2), as well as 615-625 (loop3) [6]. See, eg., H. S. Cho,
“Structure of the extracellular region of HER2 alone and in complex with the Herceptin Fab,”
Nature, 2003. Inthose Loops there are several key residues for HER2- Trastuzumab binding,
including E580, D582, P594, F595, K615, Q624S. Satyanarayanajois, “Design, Synthesis,
and Docking Studies of Peptidomimetics based on HER2-Herceptin Binding Site with
Potential A ntiproliferative Activity A gainst Breast Cancer Cell lines,” Chem Biol Drug Des,
2009.

[0138] Accordingly, in one embodiment, the HER2 antigen of the present invention
includes one or more mutations to the residues that interfere with the binding of the HER2
antigen to Trastuzumab. Some exemplary residues include, but are not limited to E580,
D582, P594, F595, K615, and Q624. Thus, in a more particular embodiment, the HER2
antigen of the present invention includes one or more mutations to the residues selected from
the group consisting of E580, D582, P594, F595, K615, Q624, and combination thereof. In
yet a more specific embodiment, the HER2 antigen of the present invention includes one or
more mutations to the residues selected from E 580, F595 and K615. Instill another specific
embodiment, the one more mutations to the HER2 antigen includes Ala substitutions to
E580, F595 and K615 (e.g., ES80A, F595A and K615A).
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[0139] In another exemplary embodiment, the HER2 antigen comprises one or more
mutations to the Pertuzumab binding domain. Pertuzumab binds close to a loop in the
dimerization domain (domain II) of HER2, involving key residues H267, Y 274, S310, L317,
H318 and K333. Mutations at the binding interface strongly reduce binding of Perjeta to
HER2. M. C. Franklin, “Insights into ErbB signaling from the structure of the ErbB2-
pertuzumab complex,” Cancer Cell, 2004. Additional amino acid residues in this binding
domain potentially contribute to the Pertuzumab-HER2 interaction, including F279, V308
and P337.

[0140] Accordingly, in one embodiment, the HER2 antigen of the present invention
includes one or more mutations to the residues that interfere with the binding of the HER2
antigen to Pertuzumab. In a more specific embodiment, the HER2 antigen of the present
invention includes one or more mutations to the residues selected from the group consisting
of H267, F279, V308, S310, L317, H318, K333 and P337, and combination thereof. Instill
another specific embodiment, the one or more mutations to the HER2 antigen includes Ala
substitutions to H267, F279, V 308, S310, L317, H318, K333 and P337 (e.g. H267A, F279A,
V308A, S310A, L317A, H318A, K333A and P337A).

[0141] In at least one aspect of the present invention, it was postulated that if the
dimerization of HER2 was minimized this minimizes interaction and binding between the
MV A encoded HER2 and other HER-family members, such as EGFR, HER3 or HER4,
expressed by the MVA-transduced cell. Minimizing HER dimerization would be
particularly advantageous as HER2 exerts its oncogenic potential through intracellular
signaling initiated by dimerization. Accordingly, in one embodiment, the HER2 antigen of
the present invention includes one or more mutations to the residues that interfere with
dimerization of HER2. Some exemplary residues include, but are not limited to L317, H318,
D277, and E280. Thus, in a more specific embodiment, the HER2 antigen of the present
invention includes one or more mutations to the residues selected from the group consisting
of L317, H318, D277, E280, and combinations thereof. In a more specific embodiment, the
HER2 antigen of the present invention includes one or more mutations to the residues
selected from D277, E280. In still another specific embodiment, the one more mutations to
the HER2 antigen includes an Arg substitution to D277 (D277R) and a Lys substitution to
E280 (E280K).
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[0142] In additional aspects, it was postulated that if the tyrosine kinase activity was
minimized this minimizes downstream activation of cell signals that might induce cell
proliferation and angiogenesis. Accordingly, in one embodiment, the HER2 antigen of the
present invention includes one or more mutations to the residues that interfere with tyrosine
kinase activity of HER2. An exemplary residue includes, but is not limited to K753. Thus,
in a more specific embodiment, the HER2 antigen of the present invention includes a
mutation to the K753 residue. In a more specific embodiment, the HER2 antigen of the
present invention includes a Met substitution to residue K753 (K753M).

[0143] In still additional aspects, it was postulated that if the potential
phosphorylation sites were eliminated this minimizes downstream activation of cell signals
that might induce cell proliferation and angiogenesis. Accordingly, in one embodiment, the
HER2 antigen of the present invention includes one or more mutations to the residues that
interfere with potential phosphorylation sites in HER2. Some exemplary residues include,
but are not limited to amino acids 1139 to 1248 and Y 1023. Thus, in a more specific
embodiment, the HER2 antigen of the present invention includes one or more mutations to
the residues selected from amino acids 1139 to 1248, Y 1023, and combination thereof. In
a more specific embodiment, the HER2 antigen of the present invention includes a deletion
of amino acids 1139 to 1248 and/or a substitution of Y 1023 to Ala (Y 1023A).

[0144] In one preferred embodiment, the HER2 antigen comprises one or more
mutations to the Pertuzumab binding domain, Trastuzumab binding domain, dimerization
domain, kinase domain, and/or phosphorylation domain found in HER2. Exemplary
Mutations to the HER 2 antigen (based on NP_004439.2) in the previously described domains
are illustrated below as synthetic HER2v2.
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1

61
121
181
241
301
36l
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

MELAALCRWG
ELTYLPTNAS

LLLALLPPGA
LSFLODIQEV

DPLNNTTPVT
LTLIDTNRSR
BAAGCTGPKHS
YNYLSTDAGA
IQEFAGCRKI
DLSVEQNLQV
PWDQLFRNPH
VEECRVLQGL
PSGVKPDLSY
ILIVVVLGVY
RKVKVLGSGA
YVSRLLGICL
LVHRDLAARN
HOSDVWSYGV
IDSECRPRFR
EEALVPQQGE

GASPGGLEEL
ACHPCSPMCK
DCLACLHENH
CTLVCPAANQ
FGSLAFLPES
IRGRILENGA
QALLHTANREP
PREYVNARHC
MPIWAFPDEE
FGILIKRRGO
FGTVYKGIWI
TSTVQLVIQL
VLVKSPNHVK
TYWELMTEGA
ELVSEFSRMA
FCPDPAPGAG

ASTOVCTGTD
QGYVLIAHNG
QLRSLTEILK
GSRCWGESSE
SGICELACPA
EVTAEDGTOR
FOGDPASNTA
YSLTLOGLGI
EDECVGEGLA
LPCHPECQPQ
GACQPCPING
RIRKYTMRRL
PDGENVKIPYV
MPYGCLLDEV
ITDEGLARLL
KPYDGIPARE
RDPQREVVIQ
GMVHHRHRSS

LPTHDPSPLQ

MKLRLPASPE
VROVPLORLR
GEVLIQRNEPQ
DCOSLTRTVE
LVTYNTRTAK
CEACSKACAR
PLOPEQLOVE
SWLGLRSLEE
CHQLCARGHG
NGSVTCFGEA
THSCVDLDDK
LOETELVEPL
AIMVLRENTS
RENRGRLGSQ
DIDETEYHAD
IPDLLEKGER
NEDLGPASPL
STRSGGEDLT
RYSEDPTVPL

PCT/EP2018/072789

THLDMLRHLY
IVRGTQLFED
LEYQDTILWK
AGGCARCKGE
SMPNPEGRY'T
VCYGLGMEHL
ETLEEITGYL
LGSGLALIHH
WGPGPTOCVN
ADQCVACAHY
GCPAEQRASP
TS GAMPNQA
PKANKEILDE
DLLNWCMOIA
GEKVPTEWMA
LPQPPICTID
DSTEYRSILE
LGLEPSEEEA
PSETDGYVAP

I

QBCOVVOGNL
NYALAVLDNG
DIFHKNNOLA
LPTDCCHEQC
FGASCVTACE
REVRAVTSAN
YISAWPDSLE
NTHLCEVHTV
CSQFLRGQEC
KDPPACVARC
LTSIISAVVG
OMRILKETEL
AYVMAGVGSP
KGMSYLEDVR
LESILRRRET
VYMIMVKCWM
DODMGDLVDA
PRSPLAPSEG
LTCSPQPEYY

Amino Acid Sequence of HER2_v2. (SEQ ID: NO 13) Synthetic HER_version2 shown
above is based on HER2 NP_004439.2. Mutated amino acids are shown by underlines and
strikethrough. Amino acids 579-625 are the binding site for Trastuzumab. Amino acids 267-

337 are the binding site for Pertuzumab. Amino acids 274-288 are the residues for the

dimerziation domain. Amino acids 721-987 are the residues for the kinase domian. Amino

acids 1139-1248 are the residues in the phosphorylation domain.

[0145] In accordance with the defined advantages herein, in various embodiments

the present invention includes a synthetic HER2 antigen wherein one or more amino acids
of the HER2 are mutated to prevent the HER2 antigen from binding a HER2 antibody. Ina
more preferred embodiment, the synthetic HER2 antigen is mutated to prevent binding of an

antibody selected from Pertuzumab, Trastuzumab, and A do-trastuzumab emtansine.

[0146] In other embodiments, the synthetic HER2 antigen comprises one or more

mutations to prevent extracellular dimerization, tyrosine kinase activity, and/or

phosphorylation of the HER2 antigen (once expressed by the rMV A). In further specific

embodiments, the synthetic HER2 antigen comprises one or more mutations to at least one

of 3 loops in a juxtamembrane region of HER2.
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[0147] Invarious further embodiments, the present invention includes a nucleic acid
encoding a HER2 antigen comprising SEQ ID NO: 1. Inadditional embodiments, the present
invention includes a nucleic acid encoding a HER 2 antigen having at |east 90%, 95%, 97%
98%, or 99% identity to SEQ ID NO:1.

[0148] In one embodiment, the present invention includes a nucleic acid comprising
SEQ ID NO:2, which encodes the HER2 antigen of SEQ ID NO:1. In additional
embodiments, the present invention includes a nucleic acid encoding a HER2 antigen, the
nucleic acid having at least 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:2.

[0149] In various additional embodiments, the present invention includes a nucleic
acid encoding a HER2 antigen comprising SEQ ID NO: 13. In additional embodiments, the
present invention includes a nucleic acid encoding a HER2 antigen having at least 90%, 95%,
97% 98%, or 99% identity to SEQ ID NO:13.

[0150] In one embodiment, the present invention includes a nucleic acid comprising
SEQ ID NO:14, which encodes the HER2 antigen of SEQ ID NO:13. In additional
embodiments, the present invention includes a nucleic acid encoding a HER2 antigen, the
nucleic acid having at least 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:14.
Synthetic Brachyury proteins

[0151] As illustrated previously, the addition of a second disease/tumor associate
antigen encoded by the MV A enhanced the anti-tumor response/activity of the combination
therapy. Inaccordance therewith, in various embodiments of the invention, the recombinant
MV A additionally encodes a Brachyury antigen.

[0152] The inventors determined that one or more modifications of the Brachyury
antigens and/or nucleic acids encoding the Brachyury antigens as described herein increase
the efficacy of the combination therapy. More specifically, one or more mutations were
made to the nuclear localization signal (NLS) domain in order to minimize and/or avoid any
nuclear localization of the Brachyury antigen by a host cell.

[0153] Accordingly, in various embodiments, the synthetic Brachyury polypeptide
includes one more mutations to prevent nuclear localization of Brachyury. “Nuclear
localization” can be defined as localization and/or transport to the nucleus. Conducting
assays to determine whether one or more mutations prevent nuclear localization of a
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Brachyury antigen is within the ordinary skill in the art. Such assays can include
immunofluorescence analysis and immunofluorescence microscopy.

[0154] In more specific embodiments, the synthetic Brachyury polypeptide includes
one more mutations in the NLS domain. In a more specific and preferred embodiment, the
synthetic Brachyury polypeptide has deleted amino acids 286-293 of the Brachyury antigen
(GenBank reference NP_003172.1), as shown below.

1 M3SPGTESAG KSLOYRVDHL L3AVENELQA G3EKGDPTER ELRVGLEESE LWLREKELTN
&l EMIVTENGRR MEEVLEVNYS GLDPNAMYSE LLDEVARDNH RWKYVNGEWV PGGKPEPOAFR
121 SCVYIHPDSE NEGAHWMKAP WSFSKVKLTN KLNGGGQIML NELHEYEPRI HIVRVGGEPOR
181 MITSHCEPET QFIAVTAYQON EEITALKIKY NPFRAKAFLDA KERSDHKEMM EEPGDSQOEG
241 YSOWEWLLEG TSTLCPPANP HPQEGGALSL PSTHSCDRYP TLRSHRSSBY-RSPYRAHRNNS
301 PTYSDNSPAC LESMLQOSHDNW SSLCMPAHPS MLPVSHNASE PTSSSOYPSL. WSVSNGAVTIP

261l CEQARRVENG LORQFFRGSP AHYTPLTHEV SAPSSSGEPL YEGAARATDI VDEQYDAAKG
421 GRLIASWTPV BPESM

Amino Acid Sequence of an exemplary modified Brachyury. The Conserved core
motif residues RSSPY PSP within a potential NLS of Brachyury were deleted (shown by
strikethrough) [SEQ ID NO:3]

[0155] In more specific embodiments, the present invention includes a nucleic acid
encoding a Brachyury antigen selected from the group consisting of SEQ ID NO: 3, SEQ ID
NO: 5, and SEQ ID NO:7. In a preferred aspect, the various embodiments of the present
invention include a nucleic acid encoding SEQ ID NO:3.

[0156] In at least one specific aspect, the nucleic acid encoded by SEQ ID NO:3 is
particularly advantageous as SEQ ID NO: 3 is configured to prevent and/or minimize the
Brachyury antigen encoded by the MV A from being localized and/or transported to the
nucleus where there may be a possibility of undesired transcriptional activity.

[0157] In accordance with defined advantages to the combination therapy, in various
aspects, the embodiments the present invention includes a nucleic acid encoding a Brachyury
antigen comprising SEQ ID NO: 3. In additional aspects, the embodiments of the present
invention include a nucleic acid encoding a Brachyury antigen having at least 90%, 95%,
97% 98%, or 99% identity to SEQ ID NO:3.

[0158] In further aspects, the embodiments of the present invention include a nucleic
acid comprising SEQ ID NO:4, which encodes the Brachyury antigen of SEQ ID NO:3. In
additional aspects, the embodiments of the present invention include a nucleic acid encoding
a Brachyury antigen, the nucleic acid having at least 90%, 95%, 97% 98%, or 99% identity
to SEQ ID NO:4.
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CD40L
[0159] As illustrated by the present disclosure the inclusion of CD40L as part of the

pharmaceutical combination and related method further enhances the decrease in tumor
volume, prolongs progression-free survival and increase survival rate realized by the present
invention. Thus, invarious embodiments, the pharmaceutical combination further comprises
administering CD40L to a cancer patient.

[0160] While CD40 is constitutively expressed on many cell types, including B cells,
macrophages, and dendritic cells, its ligand CD40L is predominantly expressed on activated
T helper cells. T he cognate interaction between dendritic cells and T helper cells early after
infection or immunization ‘licenses’ dendritic cells to prime CTL responses. Dendritic cell
licensing results in the up-regulation of co-stimulatory molecules, increased survival and
better cross-presenting capabilities. This process is mainly mediated via CD40/CD40L
interaction. However, various configurations of CD40L are described, from membrane
bound to soluble (monomeric to trimeric) which induce diverse stimuli, either inducing or
repressing activation, proliferation, and differentiation of APCs.

[0161] As shown by the results of Example 19, the MV A encoded CD40L presents
a much safer alternative to a cancer patient, as the CD40L encoded by MV A presents
decreased toxicity compared to as a soluble CD40 agonist.

[0162] In one or more preferred embodiments, CD40L is encoded by the MV A of
the present invention. In even more preferred embodiments, the CD40L comprises a nucleic
acid encoding SEQ ID NO: 11. Instill more preferred embodiments, the CD40L comprises
anucleic acid having at least 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:12. Ina
most preferred embodiment, the CD40L comprises SEQ ID NO:12.

E xemplary Antibodies

[0163] In various embodiments, the pharmaceutical combination and related
methods include an antibody specific to an antigen that is expressed on the cell membrane
of a tumor cell. It is understood in the art that in many cancers, one or more antigens are
expressed or overexpressed on the tumor cell membrane. See, e.g. Durig eta. 2002; Mocellin
etal.,, 2013; Arteaga 2017; Fin 2017; Ginaldi et al, 1998. Assays for determining whether
an antigen is expressed or overexpressed on a tumor cells are readily understood in the art
(Id), as well as methods for producing antibodies to a particular antigen.
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[0164] In more specific embodiments, the pharmaceutical combination and related
methods include an antibody, wherein in the antibody is a) specific to an antigen that is
expressed on a cell membrane of a tumor and b) comprises an Fc domain. In at least one
aspect, the characteristics of the antibody (e.g., a) and b)) enable the antibody to bind to and
interact with an effector cell, such as an NK cell, macrophage, basophil, neutrophil,
eosinophil, monocytes, mast cells, and/or dendritic cells, and enable the antibody to bind a
tumor antigen that is expressed on a tumor cell. In a preferred embodiment, the antibody
comprises an Fc domain. Inan additional preferred embodiment, the antibody is able to bind
and interact with an NK cell.

[0165] Some exemplary antibodies to antigens expressed on tumor cells that are
contemplated by the present disclosure include, but are not limited to, Anti-CD20 (e.g.,
rituximab; ofatumumab; tositumomab), Anti-CD52 (e.g., alemtuzumab Campath+), Anti-
EGFR (e.g., cetuximab Erbitux+ k panitumumab), Anti-CD2 (e.g.,Siplizumab), Anti-CD37
(e.g., BI836826), Anti-CD123 (e.g., JNJ-56022473), Anti-CD30 (e.g., XmAb2513), Anti-
CD38 (eg., daratumumab Darzalex+), Anti-PDL1 (eg., avelumab, atezolilzumab,
durvalumab), Anti-GD2 (e.g., 3F8, ch14.18, KW-2871, dinutuximab), Anti-CEA, Anti-
MUC1, Anti-FLT3, Anti-CD19, Anti-CD40, Anti-SLAMF7, Anti-CCR4, Anti-B7-H3,
Anti-ICAM1, Anti-CSF1R, anti-CA 125 (e.g. Oregovomab), anti-FRa (e.g. MOv18-IgG1,
Mirvetuximab soravtansine (IMGN853), MORAb-202), anti-mesothelin (e.g. MORAb-009)
and Anti-HER2 (e.g., trastuzumab, Herzuma, ABP 980, and/or Pertuzumab).

[0166] In a more preferred embodiment, the antibody included as part of present
invention includes an antibody that when administered to a patient binds to the corresponding
antigen on a tumor cell and induces antibody dependent cell-mediated cytotoxicity (ADCC).
In an even more preferred embodiment, the antibody comprises an antibody that is approved
or in pre-approval for the treatment of a cancer.

[0167] Ineven more preferred embodiments, the antibody is an anti-HER 2 antibody.
In a most preferred embodiment, antibody is selected from Pertuzumab, Trastuzumab,
Herzuma, ABP 980, and A do-trastuzumab emtansine.

[0168] In additional embodiments, the antibody comprises a fusion of one or more
antibodies and/or antibody fragments. Exemplary fusion antibodies and/or antibody
fragments include, but are not limited to Bispecific Killer cell Engagers (BiKE) and
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Trispecific Killer cell Engagers (TriKE). Shown by Tay et al., (2016), BiKEs and TriKEs
are known to effectively drive NK cell anti-tumor effects and enable NK cell-mediated
ADCC. SeeTay etal. (2016). It is contemplated that the 161533 TriKE and/or the 1633
BiKE can be used as the antibody in the present invention. It is additionally contemplated
that the antibodies of the present invention can be embodied as Bispecific T cell engagers,
or BiTEs. See, e.g., Huehls et al. Immunol Cell Biol. 2015 March, 93; 290-296.

R ecombinant Poxviruses

[0169] In one or more aspects of the present invention, the nucleotides and proteins
sequences of the present disclosure can be included in a recombinant poxvirus.

[0170] In the various embodiments of the present disclosure, the recombinant
poxvirus is preferably an orthopoxvirus such as, but not limited to, a vaccinia virus, a
Modified V accinia Ankara (MV A) virus, MVA-BN, or a derivative of MV A-BN.

[0171] Examples of vaccinia virus strains are the strains Temple of Heaven,
Copenhagen, Paris, Budapest, Dairen, Gam, MRIVP, Per, Tashkent, TBK, Tom, Bern,
Patwadangar, BIEM, B-15, Lister, EM-63, New Y ork City Board of Health, Elstree, Ikeda
and WR. A preferred vacciniavirus (VV) strainis the Wyeth (DRY V AX) strain (U.S. Patent
7,410,644).

R ecombinant MV A

[0172] In more preferred embodiments of the present invention, the one or more
proteins and nucleotides disclosed herein are included in a recombinant MV A. As described
and illustrated by the present disclosure, the intravenous administration of the recombinant
MV As of the present disclosure induces in various aspects an enhanced immune response in
cancer patients. Thus, in one or more preferred embodiments, the invention includes a
recombinant MV A comprising one or more nucleic acids encoding HER 2, Brachyury, and/or
CDA4O0L described herein. In more preferred embodiments, the recombinant MV A comprises
one or more nucleic acids encoding the synthetic HER2 and synthetic Brachyury antigens
described herein. In another more preferred embodiment, the recombinant MV A comprises
one or more nucleic acids encoding the synthetic HER2 and the synthetic Brachyury antigens
described herein as well as CD40L. In still another more preferred embodiment, the
recombinant MV A comprises one or more nucleic acids encoding SEQ ID NO:1 or SEQ ID
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NO: 13 (Her2), and SEQ ID NO: 3 (Brachyury). Inyet another preferred embodiment, the
recombinant MV A comprises one or more nucleic acids encoding SEQ ID NO:1 or SEQ ID
NO: 13, SEQID NO: 3, and CD40L. In amore preferred embodiment, the recombinant MV A
comprises one or more nucleic acids encoding SEQ ID NO:1, SEQ ID NO: 3, SEQ ID NO:
11, and/or SEQ ID NO: 13. In a most preferred embodiment, the recombinant MV A
comprises one or more nucleic acids encoding SEQ ID NO:13, SEQ ID NO:3, and SEQ ID
NO:11

[0173] In additional embodiments, the recombinant MV A comprises one or more
nucleic acids selected from the group consisting of SEQ ID NO:2, SEQ ID NO: 4, and/or
SEQ ID NO: 14. Inanother more preferred embodiment, the recombinant MV A comprises
one or more nucleic acids selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:4, and CD4OL. In still another preferred embodiment, the recombinant MV A comprises
one or more nucleic acids selected from the group consisting of SEQ ID NO:2, SEQ ID NO:
4, and SEQ ID NO: 12. Ina more preferred embodiment, the recombinant MV A comprises
SEQID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 12. In a most preferred embodiment, the
recombinant MV A comprises SEQ ID NO: 14, SEQ ID NO: 4, and SEQ ID NO:12.

[0174] Example of MV A virus strains that are useful in the practice of the present
invention and that have been deposited in compliance with the requirements of the Budapest
Treaty are strains MV A 572, deposited at the European Collection of Animal Cell Cultures
(ECACC), Vaccine Research and Production Laboratory, Public Health Laboratory Service,
Centrefor A pplied Microbiology and Research, Porton Down, Salisbury, WiltshireSP40) G,
United Kingdom, with the deposition number ECACC 94012707 on January 27, 1994, and
MV A 575, deposited under ECACC 00120707 on December 7, 2000, MV A-BN, deposited
on Aug. 30, 2000 at the European Collection of Cell Cultures (ECACC) under number
V00083008, and its derivatives, are additional exemplary strains.

[0175] “Derivatives” of MVA-BN refer to viruses exhibiting essentially the same
replication characteristics as MV A-BN, as described herein, but exhibiting differences in one
or more parts of their genomes. MV A-BN, as well as derivatives thereof, are replication
incompetent, meaning a failure to reproductively replicate in vivo and in vitro. More
specifically in vitro, MV A-BN or derivatives thereof have been described as being capable

of reproductive replication in chicken embryo fibroblasts (CEF), but not capable of
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reproductive replication in the human keratinocyte cell line HaCat (Boukamp et al (1988), J.
Cell Biol. 106:761-771), the human bone osteosarcoma cell line 143B (ECACC Deposit No.
91112502), the human embryo kidney cell line 293 (ECACC Deposit No. 85120602), and
the human cervix adenocarcinomacell lineHeLa(ATCC Deposit No. CCL-2). Additionally,
MV A-BN or derivatives thereof have a virus amplification ratio at |east two-fold less, more
preferably three-fold less than MV A-575 in Hela cells and HaCaT cell lines. Tests and assay
for these properties of MV A-BN and derivatives thereof are described in WO 02/42480 (U.S.
Patent application No. 2003/0206926) and WO 03/048184 (U.S. Patent application No.
2006/0159699).

[0176] The term “not capable of reproductive replication” or “no capability of
reproductive replication” in human cell lines in vitro as described in the previous paragraphs
is, for example, described in WO 02/42480, which also teaches how to obtain MV A having
the desired properties as mentioned above. The term applies to a virus that has a virus
amplification ratio in vitro at 4 days after infection of less than 1 using the assays described
in WO 02/42480 or in U.S. Patent No. 6,761,893.

[0177] The term “failure to reproductively replicate” refers to a virus that has a virus
amplification ratio in human cell lines in vitro as described in the previous paragraphs at 4
days after infection of less than 1. Assays described in WO 02/42480 or in U.S. Patent No.
6,761,893 are applicable for the determination of the virus amplification ratio.

[0178] The amplification or replication of a virus in human cell lines in vitro as
described in the previous paragraphs is normally expressed as the ratio of virus produced
from an infected cell (output) to the amount originally used to infect the cell in thefirst place
(input) referred to as the “amplification ratio”. An amplification ratio of “1” defines an
amplification status where the amount of virus produced from the infected cells is the same
as the amount initially used to infect the cells, meaning that the infected cells are permissive
for virus infection and reproduction. In contrast, an amplification ratio of less than 1, i.e., a
decrease in output compared to the input level, indicates a lack of reproductive replication
and therefore attenuation of the virus.

[0179] In another embodiment, the recombinant poxvirus, including the synthetic
nucleotides and proteins of the present invention can be embodied in an avipoxvirus, such as
but not limited to, a fowlpox virus.
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[0180] The term "avipoxvirus" refers to any avipoxvirus, such as Fowlpoxvirus,
Canarypoxvirus, Uncopoxvirus, Mynahpoxvirus, Pigeonpoxvirus, Psittacinepoxvirus,
Quailpoxvirus, Peacockpoxvirus, Penguinpoxvirus, Sparrowpoxvirus, Starlingpoxvirus and
Turkeypoxvirus. Preferred avipoxviruses are Canarypoxvirus and Fowlpoxvirus.

[0181] An example of a canarypox virus is strain Rentschler. A plague purified
Canarypox strain termed ALVAC (U.S. Pat. No. 5,766,598) was deposited under the terms
of the Budapest treaty with the American Type Culture Collection (ATCC), accession
number V R-2547. Another Canarypox strain is the commercial canarypox vaccine strain
designated LF2 CEP 524 24 10 75, available from Institute Merieux, Inc.

[0182] Examples of a Fowlpox virus are strains FP-1, FP-5, TROVAC (U.S. Pat. No.
5,766,598), POXVAC-TC (U.S. Patent 7,410,644), TBC-FPV (Therion Biologics- FPV),
FP-1is a Duvette strain modified to be used as a vaccine in one-day old chickens. T he strain
is a commercial fowlpox virus vaccine strain designated O DCEP 25/CEP67/2309 October
1980 and is available from Institute Merieux, Inc. FP-5 is a commercial fowlpox virus
vaccine strain of chicken embryo origin available from American Scientific Laboratories
(Division of Schering Corp.) Madison, Wis., United States V eterinary License No. 165,
serial No. 30321.

E xpression Cassettes/Control Sequences

[0183] In various aspects, the one or more nucleic acids described herein are
embodied in in one or more expression cassettes in which the one or more nucleic acids are
operatively linked to expression control sequences. “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. An expression control
sequence operatively linked to a coding sequence is joined such that expression of the coding
sequence is achieved under conditions compatible with the expression control sequences.
The expression control sequences include, but are not limited to, appropriate promoters,
enhancers, transcription terminators, a start codon at the beginning a protein-encoding open
reading frame, splicing signals for introns, and in-frame stop codons. Suitable promoters
include, but are not limited to, the SV 40 early promoter, an RSV promoter, the retrovirus
LTR, the adenovirus major |ate promoter, the human CMV immediate early I promoter, and

various poxvirus promoters including, but not limited to the following vaccinia virus or
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MV A—derived and FPV -derived promoters: the 30K promoter, the I3 promoter, the PrS
promoter, the PrS5E promoter, the Pr7.5K, the PrHyb promoter, the Pr13.5 long promoter,
the 40K promoter, the MV A-40K promoter, the FPV 40K promoter, 30k promoter, the
PrSynIIm promoter, the PrLE1 promoter, and the PR 1238 promoter. Additional promoters
are further described in WO 2010/060632, WO 2010/102822, WO 2013/189611,WO
2014/063832, and WO 2017/021776 which are incorporated fully by reference herein.

[0184] Additional expression control sequences include, but are not limited to, leader
sequences, termination codons, polyadenylation signals and any other sequences necessary
for the appropriate transcription and subsequent translation of the nucleic acid sequence
encoding the desired recombinant protein (e.g., HER2, Brachyury, and/or CD40L) in the
desired host system. T he poxvirus vector may also contain additional elements necessary for
the transfer and subsequent replication of the expression vector containing the nucleic acid
sequence in the desired host system. It will further be understood by one skilled in the art
that such vectors are easily constructed using conventional methods (A usubel et al., (1 987)
in “Current Protocols in Molecular Biology,” John Wiley and Sons, New Y ork, N.Y.) and
are commercially available.

[0185] In certain embodiments, the one or more recombinant MV As of the present
disclosure comprises one or more cytokines, such as IL-2, IL-6, IL-12, IL-15, IL-7, IL-21
RANTES, GM-CSF, TNF-a, or [IFN-y, one or more growth factors, such as GM-CSF or G-
CSF, one or more costimulatory molecules, such as ICAM-1, LFA-3, CD72, B7-1, B7-2, or
other B7 related molecules; one or more molecules such as CD70, OX-40L or 4-1 BBL, or
combinations of these molecules, can be used as biological adjuvants (see, for example,
Salgaller et al., 1998, J. Surg. Oncol. 68(2):122-38; Lotze et al., 2000, Cancer J. Sci. Am.
6(Suppl 1):561-6; Caoetal., 1998, Stem Cells 16(Suppl 1):251-60; K uiper etal., 2000, Adv.
Exp. Med. Biol. 465:381-90). T hese molecules can be administered systemically (or locally)
to the host. In several examples, IL-2, RANTES, GM-CSF, TNF-a, IFN-y, G-CSF, LFA-3,
CD72, B7-1, B7-2, B7-1 B7-2, CD70, OX-40L, 4-1 BBL and ICAM-1 are administered.

Methods and Dosing regimens for administering the Pharmaceutical Combination

[0186] In still further aspects, the present disclosure provides for one or more
regimens for administration of the pharmaceutical combination and/or methods of the present
invention. In at least one aspect, the regimens of the present invention increase the
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effectiveness of the pharmaceutical combination and/or therapy to reduce tumor volume and
increase survival rate of a cancer patient.

[0187] Thus, in one embodiment, there is a pharmaceutical combination and/or
method for reducing tumor size and/or increasing survival in a cancer patient comprising
administering to the cancer patient a pharmaceutical combination of the present disclosure,
wherein the recombinant MV A is administered at the same time or after administration of
the antibody.

[0188] In one specific exemplary embodiment, there is a pharmaceutical
combination and/or method for reducing tumor size and/or increasing survival in a cancer
patient comprising a) administering to the cancer patient an antibody, wherein the antibody
comprises an Fc domain and is specific to an antigen that is expressed on the cell membrane
of a tumor cell; and b) intravenously administering to the cancer patient a recombinant
modified vaccinia virus Ankara (MV A) comprising a first nucleic acid encoding a first
heterologous tumor-associated antigen (TAA) that when administered intravenously induces
both an enhanced Natural Killer (NK) cell response and an enhanced cytotoxic T cell
response; wherein b) is administered at the same time or after a).

[0189] In several specific embodiments, the recombinant MV A can be administered
at the same time as the antibody. In other specific embodiments, the recombinant MV A is
administered after or subsequent to administration of the antibody. Invarious embodiments,
the recombinant MV A is administered within 1 to 6 days after the antibody. In more
preferred embodiments, the recombinant MV A is administered within 0 to 5 days, 0 to 4
days, 0 to 3 days, or 0-2 days after administration of the antibody. In most preferred
embodiment, the recombinant MV A is administered O to 3 days after the antibody is
administered.

[0190] In various additional embodiments, the recombinant MV A is administered
within 1 to 6 days after the antibody. In more preferred embodiments, the recombinant MV A
is administered within 1 to 5 days, 1 to 4 days, 1 to 3 days, or 1-2 days after administration
of the antibody. In most preferred embodiment, the recombinant MV A is administered 1 to
3 days after the antibody is administered.

[0191] In one advantageous aspect of the present invention, administering the
recombinant MV A at the same time or after the antibody enables the administered antibody
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to bind tumor cells at the same time or prior to enhancement of the NK cell response that
results from administering the recombinant MV A. Accordingly, in an exemplary first step,
an antibody is administered resulting in the antibody binding to the antigen on the surface of
one or more tumor cells. In an exemplary second step, a recombinant MV A is intravenously
administered which as described herein, enhances and/or increases both the subject’s innate
immune response (e.g., the NK cell response) and T cell response. The enhanced innate
immune response aggressively targets and kills tumor cells having the bound antibody.

[0192] In another advantageous aspect, the regimens of the present invention are
designed to effectively attack the tumor with the both the subject’s innate immune and
adaptive immune responses. In one exemplary aspect, the pharmaceutical combination is
designed to a recombinant MV A intravenously administered at the same time or after the
antibody administration, the recombinant MV A inducing an enhanced NK and innate
immune response that attacks and kill those tumor cells having bound antibody. During the
period in which the innate immune response is killing antibody-coated tumor cells, the
recombinant MV A is also inducing a specific T cell response (including both CD8 and CD4
T cells) in the patient. The disclosed regimen is designed such that as the innate immune
response e.g., NK cells, is naturally declining, an enhanced specific CD8/CD4 T cell
response is killing tumor cells. The designed regimen is particularly advantageous, as the
enhanced specific CD8/CD4 T cell response can kill those tumor cells that have potentially
evaded a patient’s innate and/or non-specific immune response.

[0193] In other aspects, the pharmaceutical combination of the present invention is
administered as part of a homologous and/or heterologous prime-boost regimen. Illustrated
in Figures 8-13, a homologous and/or heterologous prime boost regimen prolongs and
reactivates enhanced NK cell responses as well as increases a subject’s specific CD8 and
CD4 T cell responses. Thus, in one or more embodiments there is a pharmaceutical
combination and/or method for a reducing tumor size and/or increasing survival in a cancer
patient comprising administering to the cancer patient a pharmaceutical combination of the
present disclosure, wherein the pharmaceutical combination is administered as part of a
homologous or heterologous prime-boost regimen. In more preferred aspect of the prime-
boost regimen, the recombinant MV A is intravenously administered at the same time or after
to the administration of the antibody.
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Generation of recombinant MV A viruses comprising T ransgenes

[0194] T he recombinant MV A viruses provided herein can be generated by routine
methods known in the art. Methods to obtain recombinant poxviruses or to insert exogenous
coding sequences into a poxviral genome are well known to the person skilled in the art. For
example, methods for standard molecular biology techniques such as cloning of DNA, DNA
and RNA isolation, Western blot analysis, RT-PCR and PCR amplification techniques are
described in Molecular Cloning, A laboratory Manual (2nd Ed.) [J. Samb rook et al., Cold
Spring Harbor Laboratory Press (1989)], and techniques for the handling and manipulation
of viruses are described in V irology Methods Manual [B.W.J. Mahy et al. (eds.), Academic
Press (1996)]. Similarly, techniques and know-how for the handling, manipulation and
genetic engineering of MV A are described in Molecular Virology: A Practical Approach
[AJ. Davison & R.M. Elliott (Eds.), The Practical Approach Series, IRL Press at Oxford
University Press, Oxford, UK (1993)(see, e.g., Chapter 9: Expression of genes by V accinia
virus vectors)] and Current Protocols in Molecular Biology [John Wiley & Son, Inc.
(1998)(see, e.g., Chapter 16, Section IV: Expression of proteins in mammalian cells using
vacciniaviral vector)].

[0195] For the generation of the various recombinant MV A viruses disclosed herein,
different methods may be applicable. The DNA sequence to be inserted into the virus can be
placed into an E. coli plasmid construct into which DNA homologous to a section of DNA
of the poxvirus has been inserted. Separately, the DNA sequence to be inserted can be ligated
to a promoter. The promoter-gene linkage can be positioned in the plasmid construct so that
the promoter-gene linkage is flanked on both ends by DNA homologous to a DNA sequence
flanking a region of poxviral DNA containing a non-essential locus. The resulting plasmid
construct can be amplified by propagation within E. coli bacteria and isolated. The isolated
plasmid containing the DNA gene sequence to be inserted can be transfected into a cell
culture, e.g., of chicken embryo fibroblasts (CEFs), at the same time the culture is infected
with MV A virus. Recombination between homologous MV A viral DNA in the plasmid and
the viral genome, respectively, can generate a poxvirus modified by the presence of foreign
DNA sequences.

[0196] According to a preferred embodiment, a cell of a suitable cell culture as, e.g.,
CEF cells, can be infected with a MV A virus. The infected cell can be, subsequently,
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transfected with a first plasmid vector comprising a foreign or heterologous gene or genes,
such as one or more of the nucleic acids provided in the present disclosure; preferably under
the transcriptional control of a poxvirus expression control element. As explained above, the
plasmid vector also comprises sequences capable of directing the insertion of the exogenous
sequence into a selected part of the MV A viral genome. Optionally, the plasmid vector also
contains a cassette comprising a marker and/or selection gene operably linked to a poxviral
promoter. Suitable marker or selection genes are, e.g., the genes encoding the green
fluorescent protein, f-galactosidase, neomycin-phosphoribosyltransferase or other markers.
The use of selection or marker cassettes simplifies the identification and isolation of the
generated recombinant poxvirus. However, a recombinant poxvirus can also be identified by
PCR technology. Subsequently, a further cell can be infected with the recombinant poxvirus
obtained as described above and transfected with a second vector comprising a second
foreign or heterologous gene or genes. In case, this gene shall be introduced into a different
insertion site of the poxviral genome, the second vector also differs in the poxvirus-
homologous sequences directing the integration of the second foreign gene or genes into the
genome of the poxvirus. After homologous recombination has occurred, the recombinant
virus comprising two or more foreign or heterologous genes can be isolated. For introducing
additional foreign genes into the recombinant virus, the steps of infection and transfection
can be repeated by using the recombinant virus isolated in previous steps for infection and
by using a further vector comprising a further foreign gene or genes for transfection.

[0197] Altematively, the steps of infection and transfection as described above are
interchangeable, i.e., a suitable cell can at first be transfected by the plasmid vector
comprising the foreign gene and, then, infected with the poxvirus. As a further alternative, it
is also possible to introduce each foreign gene into different viruses, co-infect a cell with all
the obtained recombinant viruses and screen for a recombinant including all foreign genes.
A third alternative is ligation of DNA genome and foreign sequences in vitro and
reconstitution of the recombined vaccinia virus DNA genome using a helper virus. A fourth
alternative is homologous recombination in E.coli or another bacterial species between a
MV A virus genome cloned as a bacterial artificial chromosome (BAC) and a linear foreign
sequence flanked with DNA sequences homologous to sequences flanking the desired site of
integration in the MV A virus genome.
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[0198] T he one or more nucleic acids of the present disclosure may be inserted into
any suitable part of the MV A virus or MV A viral vector. Suitable parts of the MV A virus
are non-essential parts of the MV A genome. Non-essential parts of the MV A genome may
be intergenic regions or the known deletion sites 1-6 of the MV A genome. Alternatively or
additionally, non-essential parts of the recombinant MV A can be a coding region of the MV A
genome whichis non-essential forviral growth. However, theinsertion sites are not restricted
to these preferred insertion sites in the MV A genome, since it is within the scope of the
present invention that the nucleic acids of the present invention (e.g., HER2, Brachyury, and
CD40L) and any accompanying promoters as described herein may be inserted anywhere in
the viral genome as long as it is possible to obtain recombinants that can be amplified and
propagated in at least one cell culture system, such as Chicken Embryo Fibroblasts (CEF
cells).

[0199] Preferably, the nucleic acids of the present invention may be inserted into one
or more intergenic regions (IGR) of the MV A virus. The term “intergenic region” refers
preferably to those parts of the viral genome located between two adjacent open reading
frames (ORF) of the MV A virus genome, preferably between two essential ORFs of the
MVA virus genome. For MVA, in certain embodiments, the IGR is selected from IGR
07/08, IGR 44/45, IGR 64/65, IGR 88/89, IGR 136/137, and IGR 148/149.

[0200] For MV A virus, the nucleotide sequences may, additionally or alternatively,
be inserted into one or more of the known deletion sites, i.e., deletion sites I, II, III, IV, V, or
VIof the MVA genome. The term “known deletion site” refers to those parts of the MV A
genome that were deleted through continuous passaging on CEF cells characterized at 20
passage 516 with respect to the genome of the parental virus from which the MV A is derived
from, in particular the parental chorioallantois vaccinia virus Ankara (CVA) eg., as
described in Meisinger-Henschel et al. (2007), Journal of General V irology 88:3249-3259.
Vaccines

[0201] In certain embodiments, the recombinant MV A of the present disclosure can
be formulated as part of a vaccine. For the preparation of vaccines, the MV A virus can be
converted into a physiologically acceptable form. In certain embodiments, such preparation
is based on experience in the preparation of poxvirus vaccines used for vaccination against
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smallpox, as described, for example, in Stickl, H. et al., Dtsch. med. Wschr. 99, 2386-2392
(1974).

[0202] An exemplary preparation follows. Purified virus is stored at -80éC with a
titer of 5 x 10® TCID50/ml formulated in 10 mM Tris, 140 mM NaCl, pH 7.4. For the
preparation of vaccine shots, e.g., 1 x108-1 x 10° particles of the virus can be lyophilized in
phosphate-buffered saline (PBS) in the presence of 2% peptone and 1% human albuminin
an ampoule, preferably a glass ampoule. Alternatively, the vaccine shots can be prepared by
stepwise, freeze-drying of thevirus ina formulation. In certain embodiments, the formul ation
contains additional additives such as mannitol, dextran, sugar, glycine, lactose,
polyvinylpyrrolidone, or other additives, such as, including, but not limited to, antioxidants
or inert gas, stabilizers or recombinant proteins (e.g. human serum albumin) suitable for in
vivo administration. The ampoule is then sealed and can be stored at a suitable temperature,
for example, between 4éC and room temperature for several months. However, as long as no
need exists, the ampoule is stored preferably at temperatures below -206C, most preferably
at about -80éC.

[0203] In various embodiments involving vaccination or therapy, the lyophilisate is
dissolved in 0.1 to 0.5 ml of an aqueous solution, preferably physiological saline or Tris
buffer such as 10mM Tris, 140mM NaCl pH 7.7. It is contemplated that the recombinant
MV A, vaccine or pharmaceutical composition of the present disclosure can be formulated in
solution in a concentration range of 10* to 10" TCIDso/ml, 10° to 5B108 TCIDso/ml, 10° to
108 TCIDso/ml, or 107 to 108 TCIDso/ml. A preferred dose for humans comprises between
10° to 10" TCIDso, including a dose of 10° TCIDso, 107 TCIDso, 108 TCIDso, 5B108T CIDso,
10° TCIDsy, 5B10° TCIDsp, or 10 TCIDsp. Optimization of dose and number of
administrations is within the skill and knowledge of one skilled in the art.

[0204] In one or more preferred embodiments, as set forth herein, the recombinant
MV A is administered to a cancer patient intravenously.

[0205] In additional embodiments, the antibody can be administered either
systemically or locally, i.e., by intraperitoneal, parenteral, subcutaneous, intravenous,
intramuscular, intranasal, intradermal, or any other path of administration known to a skilled
practitioner.
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Kits, Compositions, and Methods of Use

[0206] In various embodiments, the invention encompasses kits, pharmaceutical
combinations, pharmaceutical compositions, and/or immunogenic combination, comprising
the a) recombinant MV A that includes the nucleic acids described herein and b) one or more
antibodies described herein.

[0207] It is contemplated that the kit and/or composition can comprise one or
multiple containers or vials of a recombinant poxvirus of the present disclosure, one or more
containers or vials of an antibody of the present disclosure, together with instructions for the
administration of the recombinant MV A and antibody. It is contemplated that in a more
particular embodiment, the kit can include instructions for administering the recombinant
MV A and antibody in a first priming administration and then administering one or more
subsequent boosting administrations of the recombinant MV A and antibody.

[0208] T he kits and/or compositions provided herein may generally include one or
more pharmaceutically acceptable and/or approved carriers, additives, antibiotics,
preservatives, adjuvants, diluents and/or stabilizers. Such auxiliary substances can be water,
saline, glycerol, ethanol, wetting or emulsifying agents, pH buffering substances, or the like.
Suitable carriers are typically large, slowly metabolized molecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, lipid aggregates, or the like.

CERTAINEXEMPLARY EMBODIMENTS
[0209] Embodiment 1 is a method of reducing tumor size and/or increasing survival

in a cancer patient, the method comprising: a) intravenously administering to the cancer
patient a recombinant modified vaccinia virus Ankara (MV A) comprising afirst nucleic acid
encoding a first heterologous tumor-associated antigen (TAA) that when administered
intravenously induces both an enhanced Natural Killer (NK) cell response and an enhanced
cytotoxic T cell response as compared to an NK cell responseanda T cell response induced
by a non-intravenous administration of a recombinant MV A comprising a first nucleic acid
encoding a first heterologous cancer-associated antigen; and b) administering to the cancer
patient an antibody, wherein the antibody comprises an Fc domain and is specific to an
antigen that is expressed or over-expressed on the cell membrane of a tumor cell; wherein

58



10

15

20

25

30

WO 2019/038388 PCT/EP2018/072789

administration of a) and b) to the cancer patient reduces tumor size in the cancer patient
and/or increases the survival rate of the cancer patient as compared to a non-intravenous
administration of a) or an administration of b) alone.

[0210] Embodiment 2 is a method of reducing tumor size and/or increasing survival
in a cancer patient, the method comprising: a) administering to the cancer patient an
antibody, wherein the antibody comprises an Fc domain and is specific to an antigen that is
expressed on the cell membrane of a tumor cell ; and b) intravenously administering to the
cancer patient a recombinant modified vaccinia virus Ankara (MV A) comprising a first
nucleic acid encoding a first heterologous tumor-associated antigen (TAA) that when
administered intravenously induces both an enhanced Natural Killer (NK) cell response and
an enhanced cytotoxic T cell response as compared to an NK cell response and a T cell
response induced by a non-intravenous administration of a recombinant MV A comprising a
first nucleic acid encoding a first heterologous cancer-associated antigen; wherein
administration of a) and b) to the cancer patient reduces tumor size in the cancer patient
and/or increases the survival rate of the cancer patient as compared to an non-intravenous
administration of a) or an administration of b) alone.

[0211] Embodiment 3 is a method of reducing tumor size and/or increasing survival
in a cancer patient, the method comprising: a) administering to the cancer patient an
antibody, wherein the antibody comprises an Fc domain and is specific to an antigen that is
expressed on the outer surface of cell membrane of a tumor cell that when administered
induces ADCC inthe cancer patient; and b) intravenously administering to the cancer patient
a recombinant modified vaccinia virus Ankara (MVA) comprising a first nucleic acid
encoding a first heterologous tumor-associated antigen (TAA) that when administered
intravenously induces both an enhanced Natural Killer (NK) cell response and an enhanced
T cell response as compared to an NK cell responseand a T cell response induced by a non-
intravenous administration of a recombinant MV A comprising a first nucleic acid encoding
a first heterologous cancer-associated antigen; wherein administration of a) and b) to the
cancer patient reduces tumor size in the cancer patient and/or increases the survival rate of
the cancer patient as compared to an non-intravenous administration of a) or an

administration of b) alone.
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[0212] Embodiment 4 is the method of any one of embodiments 1-3, wherein the
antibody is specific to an antigen that is overexpressed on the cell membrane of the tumor
cell.

[0213] Embodiment 5 is the method of any one of Embodiments 1-4 further
comprising intravenously administering CD40L to the cancer patient.

[0214] Embodiment 6 is the method of any one of Embodiments 1-5, wherein the
CDA4O0L is encoded by the MV A.

[0215] Embodiment 7 is the method of any one of Embodiments 1-6, wherein
inducing an enhanced NK cell response comprises at least one of a) inducing an enhanced
ADCC response and b) inducing NK cells to target and kill tumor cells having low MHC
expression.

[0216] Embodiment 8 is the method of any one of Embodiments 1-6, wherein
inducing an enhanced NK  cell response comprises inducing an enhanced ADCC response.

[0217] Embodiment 9 is the method of any one of Embodiments 1-8, wherein the
recombinant MV A is administered at the same time or after the antibody.

[0218] Embodiment 10 is the method of any one of Embodiments 1-8, wherein the
recombinant MV A is administered after the antibody.

[0219] Embodiment 11 is the method of any one of Embodiments 1-10, wherein the
the MV A further comprises a second nucleic acid encoding a second heterologous TAA.

[0220] Embodiment 12 is the method of any one of Embodiments 1-11, wherein the
first and/or second TAA is selected from the group consisting of: 5-a-reductase, a-
fetoprotein (“AFP”), AM-1, APC, April, B melanoma antigen gene (“BAGE”), B-catenin,
Bcl12, ber-abl, Brachyury, CA-125, caspase-8 (“CASP-8”, also known as “FLICE”),
Cathepsins, CD19, CD20, CD21/complement receptor 2 (“CR2”), CD22/BL-CAM,
CD23/F&RII, CD33, CD35/complement receptor 1 (“CR17), CD44/PGP-1, CD45/leucocyte
common antigen (“LCA”), CD46/membrane cofactor protein (“MCP”), CD52/CAMPATH-
1, CD55/decay accelerating factor (“DAF”), CD59/protectin, CDC27, CDKA4,
carcinoembryonic antigen (“CEA™), c-myc, cyclooxygenase-2 (“cox-2”), deleted in
colorectal cancer gene (“DCC”), DcR3, E6/E7, CGFR, EMBP, Dna78, farnesyl transferase,
fibroblast growth factor-8a (“FGF8a™), fibroblast growth factor-8b (“FGF8b”), FLK-1/KDR,
folic acid receptor, G250, G melanoma antigen gene family (“GAGE-family”), gastrin 17,
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gastrin-releasing hormone, ganglioside 2 (“GD2”)/ganglioside 3 (“GD3”)/ganglioside-
monosialic acid-2 (“GM2”), gonadotropin releasing hormone (“GnRH”), UDP-
GlcNAc:R1Man(al1-6)R2 [GIcNAc to Man(e.1-6)] B1,6-N-acetylglucosaminyltransferase V
(“GnT V”), GP1, gpl00/Pmell7, gp-100-ind, gpl15, gp75/tyrosine-related protein-1
(“gp75/TRP-1"), human chorionic gonadotropin (“hCG”), heparanase, HER2, human
mammary tumor virus (“HMTV?”), 70 kiloDalton heat-shock protein (“HSP70’), human
telomerase reverse transcriptase (“hTERT”), insulin-like growth factor receptor-1 (“IGFR-
1”), interleukin-13 receptor (“IL-13R”), inducible nitric oxide synthase (“iNOS”), Ki67,
KIAAQ205, K-ras, H-ras, N-ras, KSA, LKLR-FUT, melanoma antigen-encoding gene 1
(“MAGE-1"), melanoma antigen-encoding gene 2 (“MAGE-2"), melanoma antigen-
encoding gene 3 (“MAGE-3”), melanoma antigen-encoding gene 4 (“MAGE-4”),
mammaglobin, MAP17, Melan-A /melanoma antigen recognized by T-cells-1 (“MART-17),
mesothelin, MIC A/B, MT-MMPs, mucin, testes-specific antigen NY -ESO-1, osteonectin,
p15, P170/MDR1, p53, p97/melanotransferrin, PAI-1, platelet-derived growth factor
(“PDGF”), pPA, PRAME, probasin, progenipoietin, prostate-specific antigen (“PSA”),
prostate-specific membrane antigen (“PSMA”), RAGE-1, Rb, RCAS1, SART-1, SSX-
family, STAT3, STn, TAG-72, transforming growth factor-alpha (“TGF-a”), transforming
growth factor-beta (“TGF-B”), Thymosin-beta-15, tumor necrosis factor-alpha (“TNF-a”),
TP1, TRP-2, tyrosinase, vascular endothelial growth factor (“VEGF”), ZAG, p16INK4, and
glutathione-S-transferase (“GST”).

[0221] Embodiment 13 is the method of any one of Embodiments 1-12, wherein the
antibody is an antibody approved for the treatment of a cancer patient.

[0222] Embodiment 14 is the method of any one of Embodiments 1-13, wherein the
antibody is selected from the group consisting of: Anti-CD20 (e.g., rituximab; ofatumumab;
tositumomab), Anti-CD52 (e.g., alemtuzumab Campath+), Anti-EGFR (e.g., cetuximab
E rbitux+ k panitumumab), Anti-CD2 (e.g.,Siplizumab), Anti-CD37 (e.g., BI836826), Anti-
CD123 (eg., JNJ-56022473), Anti-CD30 (e.g., XmAb2513), Anti-CD38 (eg.,
daratumumab Darzalex+ ), Anti-PDL 1 (e.g., avelumab, atezolilzumab, durvalumab), CTLA-
4 (e.g., ipilumumab), Anti-GD2 (e.g., 3F8, ch14.18, KW-2871, dinutuximab), Anti-CEA,
Anti-MUC1, Anti-FLT3, Anti-CD19, Anti-CD40, Anti-SLAMF7, Anti-CCR4, Anti-B7-H3,
Anti-ICAM1, Anti-CSF1R, anti-CA 125 (e.g. Oregovomab), anti-FRa (e.g. MOv18-IgG1,
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Mirvetuximab soravtansine (IMGN853), MORAD-202), anti-mesothelin (e.g. MORAD-
009), and Anti-HER2

[0223] Embodiment 15 is the method of any one of Embodiments 1-14, wherein the
antibody is specific to the HER2 antigen.

[0224] Embodiment 16 is the method of any one of Embodiments 1-15, wherein the
antibody is selected from Pertuzumab, Trastuzumab, Herzuma, ABP 980, and Ado-
trastuzumab emtansine.

[0225] Embodiment 17 is the method of any one of Embodiments 1-16, wherein the
first and/or second TAA has been modified to prevent binding of the antibody to the first
and/or second TAA.

[0226] Embodiment 18 is the method of any one of Embodiments 1-17, wherein the
first TAA isHER2.

[0227] Embodiment 19 is the method of E mbodiment 18, wherein one or more amino
acids of the HER2 are mutated to prevent the HER2 antibody from binding the HER2
antigen.

[0228] Embodiment 20 is the method of any one of Embodiments 18-19, wherein the
one or more amino acids of HER 2 are mutated to prevent extracellular dimerization, tyrosine
kinase activity, and/or phosphorylation of the HER 2 polypeptide and/or antigen.

[0229] Embodiment 21 is the method of any one of Embodiments 18-20, wherein
one or more mutations have been made to at least one of 3 loops in a juxtamembrane region
of HER2.

[0230] Embodiment 22 is the method of any one of 18-21, wherein the 3 loops of the
juxtamembrane region of HER2 is selected from amino acids 579-583 (loop1), 592-595
(loop2), and 615-625 (loop3).

[0231] Embodiment 23 is the method of any one of Embodiments 18-22, wherein the
HER2 antigen comprises at least one mutation in at least one of amino acids H267, Y 274,
$310, L317, H318, K333, E580, D582, P594, F595, K615, and Q624.

[0232] Embodiment 24 is the method of any one of Embodiments 18-23, wherein the
HER2 antigen comprises at |east one mutation sel ected from the group consisting of: E580A,
F595A, K615A, S310A, H318A, L317A, D277R, E280K, K573M, and Y 1023A.
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[0233] Embodiment 25 is the method of any one of Embodiments 18-24, wherein the
HER2 antigen comprises at |east one mutation to amino acids 1139-1248.

[0234] Embodiment 26 is the method of any one of Embodiments 18-25, wherein the
HER2 antigen comprises at |east one deletion to amino acids 1139-1248.

[0235] Embodiment 27 is the method of any one of Embodiments 18-26, wherein the
HER2 antigen comprises a deletion of amino acids 1139-1243.

[0236] Embodiment 28 is the method of any one of Embodiments 18-27, wherein the
first nucleic acid encodes a HER2 antigen having at least 90%, 95%, 97% 98%, or 99%
identity to SEQ ID NO:1.

[0237] Embodiment 29 is the method of any one of Embodiments 18-28, wherein the
first nucleic acid encodes a HER2 antigen comprising SEQ ID NO:1.

[0238] Embodiment 30 is the method of any one of Embodiments 18-29, wherein the
first nucleic acid encodes a HER2 antigen, the first nucleic acid having at least 90%, 95%,
97% 98%, or 99% identity to SEQ ID NO:2.

[0239] Embodiment 31 is the method of any one of Embodiments 18-30, wherein the
first nucleic acid comprises SEQ ID NO:2.

[0240] Embodiment 32 is the method of any one of Embodiments 1-31, wherein the
MV A comprises a second nucleic acid encoding a second heterologous TAA different from
thefirst TAA.

[0241] Embodiment 33 is the method of E mbodiment 32, wherein the second TAA
is Brachyury.

[0242] Embodiment 34 is the method of Embodiment 33, wherein the Brachyury
antigen comprises one or more mutations that prevent nuclear localization of the Brachyury
antigen.

[0243] Embodiment 35 is the method of any one of Embodiments 33-34, wherein the
Brachyury antigen comprises one or more mutations to the nuclear localization signal (NLS)
domain.

[0244] Embodiment 36 is the method of any one of Embodiments 33-35, wherein the
Brachyury antigen has the NLS domain deleted.
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[0245] Embodiment 37 is the method of any one of Embodiments 33-36, wherein the
second nucleic acid comprises a Brachyury antigen having at least 90%, 95%, 97% 98%, or
99% identity to SEQ ID NO:3.

[0246] Embodiment 38 is the method of any one of Embodiments 33-37, wherein the
second nucleic acid comprises SEQ ID NO:3.

[0247] Embodiment 39 is the method of any one of Embodiments 33-38, wherein the
second nucleic acid encodes a Brachyury antigen, the second nucleic acid having at least
90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:4.

[0248] Embodiment 40 is the method of any one of Embodiments 33-39, wherein the
second nucleic acid comprises SEQ ID NO:4.

[0249] Embodiment 41 is the method of any one of Embodiments 1-40, wherein the
antibody is selected from the group consisting of: Anti-CD20 (rituximab; ofatumumab;
tositumomab), Anti-CD52 (alemtuzumab Campath+), Anti-EGFR (cetuximab Erbitux+
panitumumab), Anti-CD38 (daratumumab Darzalex+), Anti-PDL1 (avelumab), Anti-
CTLA4 (ipilimumab), Anti-GD2 (3F8, ch14.18, KW-2871, dinutuximab), Anti-CEA, Anti-
Mucl, Anti-FLT3L, Anti-CD19, Anti-CD40, Anti-SLAMF7, Anti-CCR4, Anti-B7-H3,
Anti-ICAM1, Anti-CSF1R, and Anti-HER2.

[0250] Embodiment 42 is the method of any one of Embodiments 1-41, wherein the
antibody is specific to the HER2 antigen.

[0251] Embodiment 43 is the method of Embodiment 42, wherein the anti-HER2
antibody is selected from Pertuzumab, Trastuzumab, and A do-trastuzumab emtansine.

[0252] Embodiment 44 the method of any one of Embodiments 1-43, wherein the
antibody and the MV A are administered as a homologous prime-boost regimen.

[0253] Embodiment 45 is the method of any one of Embodiments 1-44, wherein the
MVA is MVA-BN, ora derivative of MV A-BN.

[0254] Embodiment 46 is the method of any one of E mbodiments 1-45, wherein the
cancer patient is suffering from and/or has been diagnosed with a cancer selected from the
group consisting of breast cancer, lung cancer, head and neck cancer, thyroid, melanoma,
gastric cancer, bladder cancer, kidney cancer, liver cancer, melanoma, pancreatic cancer,
prostate cancer, ovarian cancer, or colorectal cancer.
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[0255] Embodiment 47 is a pharmaceutical combination for use in reducing tumor
size and/or increasing survival in a cancer patient, the combination comprising: a) a
recombinant modified vacciniavirus Ankara(MV A) comprising afirst nucleic acid encoding
a first heterologous tumor-associated antigen (TAA) that when administered intravenously
induces both an enhanced Natural Killer (NK) cell response and an enhanced T cell response
as compared to an NK cell response and a T cell response induced by a non-intravenous
administration of a recombinant MVA virus comprising a nucleic acid encoding a
heterologous TAA; and b) an antibody, wherein the antibody comprises an Fc domain and is
specific to an antigen that is expressed on the cell membrane of a tumor cell; wherein
administration of a) and b) to the cancer patient reduces tumor size and/or increases the
survival rate of the cancer patient as compared to an non-IV administration of a) or an
administration of b) alone.

[0256] Embodiment 48 is a pharmaceutical combination for use in reducing tumor
size and/or increasing survival in a cancer patient, the combination comprising: a) a
recombinant modified vacciniavirus Ankara(MV A) comprising a first nucleic acid encoding
a first heterologous tumor-associated antigen (TAA) that when administered intravenously
induces both an enhanced Natural Killer (NK) cell response and an enhanced T cell response
as compared to an NK cell response and a T cell response induced by a non-intravenous
administration of a recombinant MV A comprising a nucleic acid encoding a heterologous
TAA; and b) an antibody, wherein the antibody comprises an Fc domain and is specific to
an antigen that is expressed on the cell membrane of a tumor cell that when the antibody is
administered, the antibody binds to the anti gen on the tumor cell in the human cancer patient
and induces antibody dependent cell-mediated cytotoxicity (ADCC); wherein administration
of a) and b) to the cancer patient reduces tumor size and/or increases the survival rate of the
cancer patientas compared to an non-IV administration of a) or an administration of b) alone.

[0257] Embodiment 49 is the pharmaceutical combination of any one of
E mbodiments 47-48, wherein the CD40L is encoded by the recombinant MV A.

[0258] Embodiment 50 is the pharmaceutical combination of any one of
E mbodiments 47-49, wherein the recombinant MV A further comprises a second nucleic acid

encoding a second heterologous TAA.
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[0259] Embodiment 51 is the pharmaceutical combination of any one of
Embodiments 47-50, wherein the first and/or second TAA is selected from the group
consisting of:  5-o-reductase, o-fetoprotein (“AFP”), AM-1, APC, April, B melanoma
antigen gene (“BAGE”), B-catenin, Bcl12, ber-abl, Brachyury, CA-125, caspase-8 (“CASP-
8”, also known as “FLICE”), Cathepsins, CD19, CD20, CD21/complement receptor 2
(“CR2”), CD22/BL-CAM, CD23/FeRIl, CD33, CD35/complement receptor 1 (“CR1”),
CD44/PGP-1, CD45/leucocyte common antigen (“LCA”), CD46/membrane cofactor protein
(“MCP”), CD52/CAMPATH-1, CD55/decay accelerating factor (“DAF”), CD59/protectin,
CDC27, CDK4, carcinoembryonic antigen (“CEA™), c-myc, cyclooxygenase-2 (“cox-2”),
deleted in colorectal cancer gene (“DCC”), DcR3, E6/E7, CGFR, EMBP, Dna78, farnesyl
transferase, fibroblast growth factor-8a (“FGF8a”), fibroblast growth factor-8b (“FGF8b™),
FLK-1/KDR, folic acid receptor, G250, G melanoma antigen gene family (“GAGE-family”),
gastrin 17, gastrin-releasing hormone, ganglioside 2 (“GD2”)/ganglioside 3
(“GD3”)/ganglioside-monosialic acid-2 (“GM2”), gonadotropin releasing hormone
(“GnRH”), UDP-GIcNAcC:RiMan(al-6)R2  [GIcNAc to Man(al-6)] B1,6-N-
acetylglucosaminyltransferase V (“GnT V”), GP1, gpl00/Pmell7, gp-100-ind, gp15,
gp75/tyrosine-related protein-1 (“gp75/TRP-17), human chorionic gonadotropin (“hCG”),
heparanase, HER2, human mammary tumor virus (“HMTV”), 70 kiloDalton heat-shock
protein (“HSP70”), human telomerase reverse transcriptase (“hTERT”), insulin-like growth
factor receptor-1 (“IGFR-1”), interleukin-13 receptor (“IL-13R”), inducible nitric oxide
synthase (“iNOS”), Ki67, KIAA0205, K-ras, H-ras, N-ras, KSA, LKLR-FUT, melanoma
antigen-encoding gene 1 (“MAGE-1”), melanoma antigen-encoding gene 2 (“MAGE-2"),
melanoma antigen-encoding gene 3 (“MAGE-3”), melanoma antigen-encoding gene 4
(“MAGE-4"), mammag|obin, MAP17, Melan-A/melanoma antigen recognized by T-cells-1
(“MART-1"), mesothelin, MIC A/B, MT-MMPs, mucin, testes-specific antigen NY -ESO-1,
osteonectin, p15, P170/MDR1, p53, p97/melanotransferrin, PAI-1, platelet-derived growth
factor (“PDGF”), uPA, PRAME, probasin, progenipoietin, prostate-specific antigen
(“PSA”), prostate-specific membrane antigen (“PSMA”), RAGE-1, Rb, RCAS1, SART-1,
SSX-family, STAT3, STn, TAG-72, transforming growth factor-alpha (“TGF-a”),
transforming growth factor-beta (“TGF-B”), Thymosin-beta-15, tumor necrosis factor-alpha
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(“TNF-a”), TP1, TRP-2, tyrosinase, vascular endothelial growth factor (“VEGF”), ZAG,
p16INK4, and glutathione-S-transferase (“GST”)

[0260] Embodiment 52 is the pharmaceutical combination of any one of
Embodiments 47-51, wherein the first TAA is HER2.

5 [0261] Embodiment 53 is the pharmaceutical combination of Embodiment 52,
wherein the HER 2 antigen comprises at |east one mutation selected from the group consisting
of: E580A, F595A, K615A, S310A, H318A, L317A, D277R, E280K, K573M, and Y 1023A.

[0262] Embodiment 54 is the pharmaceutical combination of any one of
E mbodiments 52-53, wherein the first nucleic acid comprises a HER2 antigen having at | east
10 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:1.
[0263] Embodiment 55 is the pharmaceutical combination of any one of
E mbodiments 52-54, wherein the first nucleic acid comprises SEQ ID NO:1.
[0264] Embodiment 56 is the pharmaceutical combination of any one of
E mbodiments 52-55, wherein the first nucleic acid encodes a HER 2 antigen, the first nucleic
15  acid having at least 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:2.
[0265] Embodiment 57 is the pharmaceutical combination of any one of
E mbodiments 52-56, wherein the first nucleic acid comprises SEQ ID NO:2.
[0266] Embodiment 58 is the pharmaceutical combination of any one of
E mbodiments 47-57, wherein the MV A comprises a second nucleic acid encoding a second
20  heterologous TAA different fromthe first TAA.
[0267] Embodiment 59 is the pharmaceutical combination of Embodiment 58,
wherein the second TAA is Brachyury.
[0268] Embodiment 60 is the pharmaceutical combination of Embodiment 59,
wherein the second nucleic acid comprises a Brachyury antigen having at least 90%, 95%,
25 97% 98%, or 99% identity to SEQ ID NO:3.
[0269] Embodiment 61 is the pharmaceutical combination of any one of
Embodiments 59-60, wherein the second nucleic acid encodes an antigen comprising SEQ
ID NO:3.
[0270] Embodiment 62 is the pharmaceutical combination of any one of
30 Embodiments 59-61, wherein the second nucleic acid encodes a Brachyury antigen, the
second nucleic acid having at least 90%, 95%, 97% 98%, or 99% identity to SEQ ID NO:4.
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[0271] Embodiment 63 is the pharmaceutical combination of any one of
E mbodiments 59-62, wherein the second nucleic acid comprises SEQ ID NO:4.

[0272] Embodiment 64 is the pharmaceutical combination of any one of
Embodiments 47-63, wherein the antibody is selected from the group consisting of: Anti-
CD20 (e.g., rituximab; ofatumumab; tositumomab), Anti-CD52 (e.g., alemtuzumab
Campath+), Anti-EGFR (e.g, cetuximab Erbitux+k panitumumab), Anti-CD2
(e.g.,Siplizumab), Anti-CD37 (e.g., BI836826), Anti-CD123 (e.g., JNJ-56022473), Anti-
CD30 (e.g., XmAb2513), Anti-CD38 (e.g., daratumumab Darzalex+), Anti-PDL1 (e.g.,
avelumab, atezolilzumab, durvalumab), CTLA-4 (e.g., ipilumumab), Anti-GD2 (e.g., 3F8,
ch14.18, KW-2871, dinutuximab), Anti-CEA, Anti-MUC1, Anti-FLT3, Anti-CD19, Anti-
CD40, Anti-SLAMF7, Anti-CCR4, Anti-B7-H3, Anti-ICAM1, Anti-CSF1R, anti-CA125
(e.g. Oregovomab), anti-FRa. (e.g. MOv18-IgG1, Mirvetuximab soravtansine (IMGN853),
MORAD-202), anti-mesothelin (e.g. MORADb-009), and Anti-HER2

[0273] Embodiment 65 is the pharmaceutical combination of any one of
E mbodiments 47-64, wherein the antibody is specific to the HER2 antigen.

[0274] Embodiment 66 is the pharmaceutical combination of Embodiment 65,
wherein the antibody is selected from Pertuzumab, Trastuzumab, Herzuma, ABP 980, and
Ado-trastuzumab emtansine.

[0275] Embodiment 67 is the pharmaceutical combination of any one of
E mbodiments 47-66, whereinthe MV A is MV A-BN or a derivative of MV A-BN.

[0276] Embodiment 68 is a method for inducing an enhanced Natural Killer (NK)
response in a cancer patient comprising administering a pharmaceutical combination of any
one of Embodiments 47-66, wherein administering the combination enhances the NK cell
response of the cancer patient as compared to a non-intravenously administered combination
of a) or an administration of b) alone.

[0277 Embodiment 69 is a method for inducing both an enhanced innate and an
enhanced adaptive immune response in a cancer patient comprising administering a
pharmaceutical combination of any one of Embodiments 47-67 wherein administering the
combination enhances the NK cell response of the cancer patient as compared to a non-

intravenously administered combination of a) or an administration of b) alone.
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[0278] Embodiment 70 is the method of Embodiment 69, wherein the enhanced
adaptive immune response comprises an enhanced T cell response.

[0279] E mbodiment 71 is the method of Embodiment 70, wherein the enhanced T
cell response comprises an enhanced CD8 T cell response and an enhanced CD4 T cell
response.

[0280] Embodiment 72 is a method for enhancing antibody therapy in a cancer
patient, the method comprising administering a pharmaceutical combination of any one of
Embodiments 47-67, wherein administering the pharmaceutical combination enhances
antibody dependent cell-mediated cytotoxicity (ADCC) induced by the antibody therapy, as
compared to administering the antibody therapy alone.

[0281] Embodiment 73 is a method for enhancing the killing of tumor cells having
reduced MHC levels in a cancer patient, the method comprising administering a
pharmaceutical combination of any one of Embodiments 47-67, wherein administering the
combination enhances the killing of tumor cells having reduced MHC levels as compared to
administering b) alone.

[0282] Embodiment 74 is a method for treating a human cancer patient comprising
administering to the cancer patient a pharmaceutical combination of any one of
E mbodiments 47-67.

[0283] Embodiment 75 is a method of any one of Embodiments 68-74, wherein the
recombinant MV A is administered at the same time or after the antibody.

[0284] Embodiment 76 is a method of any one of Embodiments 68-74, wherein the
recombinant MV A is administered after the antibody.

[0285] Embodiment 77 is a method of any one of Embodiments 68-75, wherein the
recombinant MV A is administered O to 8 days, 0 to 7 days, 0 to 6 days, 0 to 5 days, 0 to 4
days, 0 to 3 days, 0 to 2 days, or O to 1 day after the antibody.

[0286] Embodiment 78 is a method of any one of Embodiments 68-75, wherein the
recombinant MV A is administered 1 to 8 days, 1 to 7 days, 1 to 6 days, 1to5 days, 1to 4
days, 1to 3 days, 1to 2 days, or 1 day after the antibody.

[0287] Embodiment 79 is a method of any one of Embodiments 68-77, wherein the
recombinant MV A is administered O to 3 days, 0 to 2 days, 0 to 1 day after the antibody.
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[0288] Embodiment 80 is a method of Embodiment79, wherein the recombinant
MV A is administered O to 3 days after the antibody.

[0289] Embodiment 81 is a method of any one of Embodiments 68-80, wherein the
antibody and the MV A are administered as part of a homologous or heterol ogous prime boost
regimen.

[0290] Embodiment 82 is a method of any one of Embodiments 68-80, wherein the
antibody and the MV A are administered as part of a homologous prime boost regimen.

[0291] Embodiment 83 is a method of any one of Embodiments 1-45 and 68-82,
wherein the cancer patient is suffering from and/or is diagnosed with a cancer selected from
the group consisting of: breast cancer, lung cancer, head and neck cancer, thyroid,
melanoma, gastric cancer, bladder cancer, kidney cancer, liver cancer, melanoma, pancreatic
cancer, prostate cancer, ovarian cancer, or colorectal cancer.

[0292] Embodiment 84 is a pharmaceutical combination for use in reducing tumor
volume and/or increasing survival of a cancer patient, the pharmaceutical combination
comprising the pharmaceutical combination of any one of Embodiments 47-67, wherein
administering the combination reduces tumor vol ume and/or increases survival of the patient,
as compared to a non-intravenously administered combination of a) or an administration of
b) alone.

[0293] Embodiment 85 is use of the pharmaceutical combination of any one of
Embodiments 47-67 in a method of reducing tumor volume and/or increasing survival of a
cancer patient.

[0294] Embodiment 86 is use of the pharmaceutical combination of any one of
Embodiments 47-67 in the preparation of a pharmaceutical or medicament for reducing
tumor volume and/or increasing survival of a cancer patient.

[0295] Embodiment 87 is a method of reducing tumor size and/or increasing survival
in a cancer patient, the method comprising: a) intravenously administering to the cancer
patient a recombinant modified vaccinia virus Ankara (MV A) comprising afirst nucleic acid
encoding a first heterologous tumor-associated antigen (TAA) that when administered
intravenously induces both an enhanced innate immune response and an enhanced T cell
response as compared to an innate immune response and a T cell response induced by a non-
intravenous administration of a recombinant MV A comprising a first nucleic acid encoding
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afirst heterologous cancer-associated antigen; and b) administering to the cancer patient an
antibody, wherein the antibody comprises an Fc domain and is specific to an antigen that is
expressed on the cell membrane of a tumor cell; wherein administration of a) and b) to the
cancer patient reduces tumor size in the cancer patient and/or increases the survival rate of
the cancer patient as compared to a non-intravenous administration of a) or an administration
of b) alone.

[0296] Embodiment 88 is the method of Embodiment 87, wherein the enhanced
innate immune response comprises at least one of an enhanced NK cell response, an
enhanced macrophage response, an enhanced monocyte response, an enhanced neutrophil
response, an enhanced basophil response, an enhanced eosinophil response, an enhanced
mast cell response, and an enhanced dendritic cell response.

[0297] Embodiment 89 is the method of any one of Embodiments 87-88, wherein the
recombinant MV A further encodes CD40L.

[0298] Embodiment 90 is the method of any one of Embodiments 88-89, wherein
inducing an enhanced NK cell response comprises at |east one of a) inducing an enhanced
ADCC response and b) inducing NK cells to target and kill tumor cells having low MHC
expression.

[0299] Embodiment 91 is the method of any one of Embodiments 87-90, wherein the
recombinant MV A is administered at the same time or after the antibody.

[0300] Embodiment 92 is the method of any one of E mbodiments 87-91, wherein the
recombinant MV A is administered after the antibody.

[0301] E mbodiment 93 is the method of any one of E mbodiments 87-92, wherein the
MVA comprises a first and/or second nucleic acid encoding a first and/or second
heterologous TAA from any one of Embodiments 51-63.

[0302] Embodiment 94 is the method of any one of Embodiments 87-93, wherein the
antibody comprises an antibody from any one of E mbodiments 64-66.

[0303] Embodiment 95 is a pharmaceutical combination for reducing tumor size
and/or increasing survival ina cancer patient, the combination comprising: a) a recombinant
modified vaccinia virus Ankara (MV A) comprising a first nucleic acid encoding a first
heterologous tumor-associated antigen (TAA) that when administered intravenously induces
both an enhanced innate immune response and an enhanced T cell response as compared to
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an innate immune response and a T cell response induced by a non-intravenous
administration of a recombinant MVA virus comprising a nucleic acid encoding a
heterologous TAA; and b) an antibody, wherein the antibody comprises an Fc domain and is
specific to an antigen that is expressed on the cell membrane of a tumor cell; wherein
administration of a) and b) to the cancer patient reduces tumor size and/or increases the
survival rate of the cancer patient as compared to an non-IV administration of a) or an
administration of b) alone.

[0304] Embodiment 96 is the pharmaceutical combination of Embodiment 95,
wherein the recombinant MV A further encodes CD40L.

[0305] Embodiment 97 is the pharmaceutical combination of any one of
Embodiments 95-96, wherein the enhanced innate immune response comprises at |east one
of anenhanced NK cell response, an enhanced macrophage response, an enhanced neutrophil
response, an esophil response, an enhanced eosinophil response, an enhanced mast cell
response, and an enhanced dendritic cell response.

[0306] Embodiment 98 is the pharmaceutical combination of any one of
E mbodiments 95-97, wherein inducing an enhanced NK cell response comprises at least one
of a) inducing an enhanced ADCC response and b) inducing NK cells to target and kill tumor
cells having low MHC expression.

[0307] Embodiment 99 is the pharmaceutical combination of any one of
Embodiments 95-98, wherein the MVA comprises a first and/or second nucleic acid
encoding a first and/or second heterologous TAA from any one of Embodiments 51-63.

[0308] Embodiment 100 is the pharmaceutical combination of any one of
Embodiments 95-99, wherein the antibody comprises an antibody from any one of
E mbodiments 64-66.

[0309] Embodiment 101 is a pharmaceutical combination for reducing tumor size
and/or increasing survival in a cancer patient, the combination comprising: a) a recombinant
poxvirus comprising a first nucleic acid encoding a first heterologous tumor-associated
antigen (TAA) that when administered intravenously induces both an enhanced Natural
Killer (NK) cell response and an enhanced T cell response as compared to an NK cell
responseanda T cell response induced by a non-intravenous administration of a recombinant
poxvirus comprising a nucleic acid encoding a heterologous TAA; and b) an antibody,
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wherein the antibody comprises an Fc domain and is specific to an antigen that is expressed
on the cell membrane of a tumor cell; wherein administration of a) and b) to the cancer patient
reduces tumor size and/or increases the survival rate of the cancer patient as compared to an
non-IV administration of a) or an administration of b) alone.

[0310] Embodiment 102 is the pharmaceutical combination of Embodiment 101,
wherein the recombinant poxvirus further encodes CD40L.

[0311] Embodiment 103 is the pharmaceutical combination of any one of
Embodiments 101-102, wherein the MV A comprises a first and/or second nucleic acid
encoding a first and/or second heterologous TAA from any one of Embodiments 51-63.

[0312] Embodiment 104 is the pharmaceutical combination of any one of
Embodiments 101-103, wherein the antibody comprises an antibody from any one of
E mbodiments 64-66.

[0313] Embodiment 105 is a method of reducing tumor size and/or increasing
survival in a cancer patient, the method comprising: a) intravenously administering to the
cancer patient a recombinant modified V accinia Ankara (MV A) comprising a first nucleic
acid encoding a first heterologous tumor-associated antigen (TAA) that when administered
intravenously induces both an enhanced Natural Killer (NK) cell response and an enhanced
T cell response as compared to an NK cell responseand a T cell response induced by a non-
intravenous administration of a recombinant MV A virus comprising a nucleic acid encoding
a heterologous tumor -associated antigen; and b) administering to the cancer patient an
antibody, wherein the antibody is specific to an antigen that is expressed on the cell
membrane of a tumor cell; wherein administration of a) and b) to the cancer patient reduces
tumor size in the cancer patient and/or increases the survival rate of the cancer patient as
compared to an non-intravenous administration of a) or an administration of b) alone.

[0314] Embodiment 106 is a pharmaceutical combination for reducing tumor size
and/or increasing survival in a cancer patient, the combination comprising: a) an antibody,
wherein the antibody comprises an Fc domain and is specific to an antigen that is expressed
on the cell membrane of a tumor cell that when administered to the patient induces ADCC
in the patient; and b) a recombinant modified V accinia Ankara (MV A) virus comprising a
first nucleic acid encoding a first heterologous tumor-associated antigen (TAA), wherein
the MVA when administered intravenously to the patient induces an enhanced Natural
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Killer (NK) cell response that enhances the ADCC in the patient and enhances NK cell
mediated toxicity, and wherein the MV A induces anenhanced T cell response; as compared
toan NK cell response and a T cell response induced by a non-intravenous administration
of a recombinant MV A virus comprising a nucleic acid encoding a heterologous tumor -
associated antigen; and wherein administration of a) and b) to the cancer patient reduces
tumor size and/or increases the survival rate of the cancer patient as compared to an non-1V
administration of a) or an administration of b) alone.

[0315] Embodiment 107 is the pharmaceutical combination of Embodiment 106,
wherein the recombinant MV A further comprises a nucleic acid encoding CD40L.

[0316] Embodiment 108 is the pharmaceutical combination of any one of
Embodiments 106-107, wherein the MV A comprises a first and/or second nucleic acid
encoding a first and/or second heterologous TAA from any one of Embodiments 51-63.

[0317]  Embodiment 109 is a method for reducing tumor volume and/or increasing
survival in a cancer patient comprising administering the pharmaceutical combination of
any one of Embodiments 106-108.

[0318]  Embodiment 110 is a pharmaceutical combination for use in reducing tumor
volume and/or increasing survival of a cancer patient, the pharmaceutical combination
comprising the pharmaceutical combination of any one of Embodiments 106-108, wherein
administering the combination reduces tumor volume and/or increase survival of the patient,
as compared to compared to an administration of a) or a non-intravenous administration of
b) alone.

[0319] Embodiment 111 is use of the pharmaceutical combination of any one of
E mbodiments 106-108 in a method of reducing tumor volume and/or increasing survival of
acancer patient.

[0320] Embodiment 112 is use of the pharmaceutical combination of any one of
E mbodiments 106-108 for the preparation of a pharmaceutical or medicament for reducing
tumor volume and/or increasing survival of a cancer patient.

[0321] Embodiment 113 is a method for increasing the effectiveness of antibody
therapy in a cancer patient, the method comprising administering the pharmaceutical
combination of any one of Embodiments 47-67, and 106-108, wherein administering the
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combination to the patient decreases the antibody concentration needed for NK cell-
mediated toxicity in tumor cells.

[0322] Embodiment 114 is the pharmaceutical combination of any one of
Embodiments 47-67 and 106-108, wherein the recombinant MV A comprises a nucleic acid
encoding CD40L, the CD40L comprising SEQ ID NO:11.

[0323] Embodiment 115 is the pharmaceutical combination of Embodiment 114,
wherein the nucleic acid encoding CD40L is a nucleic acid having at least 95%, 98%, 99%,
or 100% sequence identity to SEQ ID NO:12.

[0324] Embodiment 116 is the method of any one of Embodiments 1-46, wherein the
recombinant MV A comprises a nucleic acid encoding CD40L, the CD40L comprising SEQ
ID NO:11.

[0325] Embodiment 117 is the method of Embodiment 116, wherein the nucleic acid
encoding CD40L is a nucleic acid having at least 95%, 98%, 99%, or 100% sequence
identity to SEQ ID NO:12.

[0326] Embodiment 118 is the method of E mbodiment 83, wherein the Breast Cancer
is a HER2 overexpressing breast cancer.

[0327] Embodiment 119 is a method of any one of embodiments 18-19, wherein the
one or more amino acids of HER2 are mutated to prevent extracellular dimerization,
tyrosine kinase activity, and/or phosphorylation of the HER2 polypeptide and/or antigen
once expressed by the recombinant MVA.

[0328] Embodiment 120 is a method of any one of embodiments 18-19, wherein the
HER antigen comprises one or more mutations for preventing the HER2 antibody from
binding the HER 2 antigen expressed by the recombinant MV A.

[0329] Embodiment 121 is a pharmaceutical combination for use of any one of
embodiments 50-63, wherein the first and/or second TAA comprises one or more mutations
to prevent binding of the antibody to the first and/or second TAA.

[0330] Embodiment 122 is the method of any one of Embodiments 18-20, wherein
one or more mutations have been made to at |east one of 3 loops in a juxtamembrane region
of HER2.
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[0331] Embodiment 123 is the method of any one of 18-21, wherein the 3 loops of
the juxtamembrane region of HER2 is selected from amino acids 579-583 (loop1), 592-595
(loop2), and 615-625 (loop3).

[0332] Embodiment 124 is the method of any one of Embodiments 18-22, wherein
the HER2 antigen comprises at least one mutation in at least one of amino acids E580A,
F595A, K615A, H267A, F279A, V308A, S310A, L317A, H318A, K333A, P337A.

[0333] Embodiment 125 is the method of any one of Embodiments 18-23, wherein
the HER2 antigen comprises at |east one mutation selected from the group consisting of:
E580A, F595A, K615A, H267A, F279A, V308A, S310A, L317A, H318A, K333A, P337A,
D277R, E280K, K753M, and Y 1023A.

[0334] Embodiment 126 is a pharmaceutical combination for use in therapy by
reducing tumor volume and/or increasing survival of a cancer patient (preferably wherein
the cancer patient is suffering from and/or is diagnosed with a cancer selected from the group
consisting of: breast cancer, lung cancer, head and neck cancer, thyroid, melanoma, gastric
cancer, bladder cancer, kidney cancer, liver cancer, melanoma, pancreatic cancer, prostate
cancer, ovarian cancer, or colorectal cancer), the pharmaceutical combination comprising the
pharmaceutical combination of any one of Embodiments 47-67, wherein administering the
combination reduces tumor volume and/or increases survival of the patient, as compared to
an nonrintravenously administered combination of a) or an administration of b) alone.

[0335] Embodiment 127 is use of the pharmaceutical combination of any one of
Embodiments 47-67 in the preparation of a pharmaceutical or medicament for reducing
tumor volume and/or increasing survival of a cancer patient, preferably wherein the cancer
patient is suffering from and/or is diagnosed with a cancer selected from the group consisting
of: breast cancer, lung cancer, head and neck cancer, thyroid, melanoma, gastric cancer,
bladder cancer, kidney cancer, liver cancer, melanoma, pancreatic cancer, prostate cancer,
ovarian cancer, or colorectal cancer.

[0336] Embodiment 128 is the method of any one of Embodiments 18-27, wherein
the first nucleic acid encodes a HER2 antigen having at least 90%, 95%, 97% 98%, or 99%
identity to SEQ ID NO: 13.

[0337] Embodiment 129 is the method of any one of Embodiments 18-28, wherein
the first nucleic acid encodes a HER2 antigen comprising SEQ ID NO: 13.
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[0338] Embodiment 130 is the method of any one of Embodiments 18-29, wherein
the first nucleic acid encodes a HER2 antigen, the first nucleic acid having at least 90%,
95%, 97% 98%, or 99% identity to SEQ ID NO: 14.
[0339] Embodiment 131 is the method of any one of Embodiments 18-30, wherein
the first nucleic acid comprises SEQ ID NO: 14.
[0340] Embodiment 132 is the method of any one of Embodiments 18-27, wherein
the first nucleic acid encodes a HER2 antigen having at least 90%, 95%, 97% 98%, or 99%
identity to the full length of SEQ ID NO: 13.
[0341] Embodiment 133 is the method of any one of Embodiments 18-29, wherein
the first nucleic acid encodes a HER2 antigen, the first nucleic acid having at least 90%,
95%, 97% 98%, or 99% identity to the full length of SEQ ID NO: 14.
[0342] Embodiment 134 is the method of any one of Embodiments 18-27, wherein
the first nucleic acid encodes a HER2 antigen having at least 90%, 95%, 97% 98%, or 99%
identity to the full length of SEQ ID NO: 1.
[0343] Embodiment 135 is the method of any one of Embodiments 18-29, wherein
the first nucleic acid encodes a HER2 antigen, the first nucleic acid having at least 90%,
95%, 97% 98%, or 99% identity to the full length of SEQ ID NO: 2.
[0344] Embodiment 136 is the method of any one of Embodiments 34-36, wherein
the first nucleic acid encodes a HER2 antigen having at least 90%, 95%, 97% 98%, or 99%
identity to the full length of SEQ ID NO: 3.
[0345] Embodiment 137 is the method of any one of Embodiments 18-29, wherein
the first nucleic acid encodes a HER2 antigen, the first nucleic acid having at least 90%,
95%, 97% 98%, or 99% identity to the full length of SEQ ID NO: 4.
[0346]

EXAMPLES

[0347]  The following examples illustrate the invention but should not be construed

as in any way limiting the scope of the claims.

77



10

15

20

25

30

WO 2019/038388 PCT/EP2018/072789

Example 1: Intravenous Administration of recombinant MV A results in stronger

activation of NK cells

[0348] C57BL/6 mice were immunized subcutaneously (SC) or intravenously (IV)
with 5 B 107 TCIDso MVA-OVA (shown as rMVA) or MVA-OVA-CD40L (shown as
rMVA-CD40L). PBS was injected SC. One day later, NK Cell frequencies and protein
expression (shown as Geometric Mean Fluorescence Intensity (GMFI)) were assessed using

flow cytometry in the spleen (shown Figures 1A-1G), in the liver shown in (Figures 2A-2G),
and in the lung (shown in Figures 3A-3G) by staining for A) NKp46™ CD3 cells; B) CD69;
C) NKG2D; D) FasL; E); Bcl-X¢; F), CD70; and G) IFN-y.

[0349] Additionally, C57BL/6 mice were immunized subcutaneously (SC) or
intravenously (IV) with 5 B 107 TCIDso of a recombinant MVA encoding HER2, TWIST,
and CD40L antigens (shown as MV A-HER2-TWIST-CD40L). PBS was injected SC. One
day later, NK Cell frequencies and protein expression (shown as Geometric Mean
Fluorescence Intensity (GMFI)) were assessed using flow cytometry in the spleen (shown
Figures 4A-4F), in the liver (shown in Figures 5A-5F), and in the lung (shown in Figures
6A-6F) by staining for A) NKp46™ CD3" cells; B) CD69; C) FasL; D); Bcl-X1; E), CD70;
and F) IFN-y.

[0350] Shown in the Figures, splenic NK cell frequencies dropped or were
maintained after rMVA, rMVA-CD40L, and MVA-HER2-TWIST-CD40L injection
regardless of the application route. In A) IV rMVA application increased NK cell
frequencies in liver and lung as compared to SC application. In B) CD69 is a stimulatory
receptor for NK cells (Borrego et al., Immunology 1999) and is strongly upregulated after
IV but not SC injection of rMVA, rMVA-CD40L, and MVA-HER2-TWIST-CD40L. The
highest CD69 expression was induced by rMV A-CD40L IV application. In Figures 1-3C)
the activating C-type lectin-like receptor NKG2D is upregulated on NK cells after rMV A
and rMVA-CD40L immunization as compared to PBS treatment. In Figures 1-3(D) and
Figures 4-6(C) the apoptosis-inducing factor FasL (CD95L) is upregulated on NK cells after
rMVA and rMV A-CD40L immunization as compared to PBS treatment. In Figures 1-3(D)
and Figures 4-6(C) spleen and lung, FasL expression was highest after IV rMV A-CD40L
and MVA-HER2-TWIST-CD40L injection. In Figures 1-3(E) and 4-6(D) IV rMVA-
CD40L and MV A-HER2-TWIST-CD40L immunization also lead to a higher expression of
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the anti-apoptotic Bcl family member Bcl-x. as compared to SC immunization. In Figures
1-3(F) and 4-6 (E) upregul ation of the co-stimulatory molecule CD 70, a member of the tumor
necrosis factor (TNF) superfamily, is induced by IV injection of rMV A, rMV A-CD40L, and
MV A-HER2-TWIST-CD40L, especially on splenic NK cells. In Figures 1-3(G) and 4-6(F)
importantly, the effector cytokine IFN-y is most strongly expressed after IV rMV A-CD40L
orIV MVA-HER2-TWIST-CD40L immunizationin spleen, lung and liver. These data show
that IV immunization with either rMV A-CD40L or MV A-HER2-TWIST-CD40L but notSC
immunization leads to a strong, systemic NK cell activation.

Example 2: Intravenous Administration of recombinant MVA-CD40L results in

stronger systemic activation of NK cells

[0351] C57BL/6 mice were immunized IV with 5 B 10’ TCIDsy MVA-OVA
(rMVA), MVA-OVA-CD40L (rMVA-CD40L), or PBS. Six hours after injection, serum
cytokine levels (A) IFN-y, (B) IL-12p70, and (C) CD69" granzyme B* were quantified by a
bead assay (Luminex) (A and B) and flow cytometry (C), as shown in Figures 7A-7F. The
NK cell activating cytokine IL-12p70 was only detectable after rMVA-CD40L
immunization. The concentration of IFN-y was higher after IMVA-CD40L as compared to

rMVA immunization. The increased serum levels of IFN-y are in line with higher GMFI
IFN-y of NK cells (compared to Fig. 1G) and higher frequencies of spleen CD69" Granzyme
B* NK cells 48 hours after rMV A-CD40L immunization.

[0352] Similar responses were seenin NHPs (Macaca fascicularis) after IV injection
of MVA-MARYV -GP-huCD40L, namely higher serum concentrations of IFN-y (D) and IL-
12p40/70 (E) as well as more proliferating (Ki67%) NK cells (F) as compared to MV A-
MARYV-GP. These data demonstrate that C D40L -encoding MV A vaccines have comparable
immunological properties in mice and NHPs.
Example 3: Intravenous Administration results in stronger NK cell activation and

proliferation over time

[0353] C57BL/6 mice were immunized IV with 5 B 107 TCIDsp MVA-OVA
(rMVA), MVA-OVA-CD40L (rMV A-CD40L), or PBS. NK cell activation and proliferation
were measured for (A) CD3 CD19NKp46™, (B), Ki67, and (C) CD69 in the spleen, liver,
and lung onday 1 and 4 after immunization. The results are shown in Figure 8.
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[0354] Shown in Figure 8A) Splenic NK cell frequencies (defined as CD3 CD19
NK p46™) temporarily dropped by day 1 after rMVA and rMV A-CD40L immunization as
seen in Example 1, but were increased by day 4 compared to PBS. In liver and lung both
vectors induced higher NK cell frequencies already by day 1. Unexpectedly on day 4, NK
cells frequencies in the liver were 2.4-times higher after rMV A and 4-times higher after
rMV A-CD40L immunization compared to PBS. Similarly, NK cell frequencies in lung and
blood were drastically enhanced on day 4 after immunization shownin 8A. Inline with the
systemic NK cell increase, more than 80% of all NK cells on day 4 after rMV A and rMV A-
CD40L immunization were in proliferation, as indicated by the expression of the
proliferation marker Ki67 in 8B. The peak of CD69 expression (shown as Geometric Mean
Fluorescence Intensity (GMFI)) in all analyzed organs and blood was on day 1. By day 4
after immunization, CD69 expression was back at basal level (Figure 8C).

Example 4: Intravenous Administration of recombinant MV A results in stronger NK

cell mediated toxicity

[0355] C57BL/6 mice were immunized IV with 5 B 107 TCIDsp MVA-OVA
(rMVA), MVA-OVA-CD40L (rMV A-CD40L), or PBS. 24 hours later mice were sacrificed
and splenic NK cells were purified by magnetic cells sorting and used as effectors in an

effector: targetkilling assay. Briefly NK cells were cultured with CFSE-labelled MHC class
I-deficient Y AC-1 cells at the ratios shown in Figure 9. Specific killing was assessed by
quantifying unviable CFSE™ Y AC-1 cells by flow cytometry. As aresult, rMVA and rMV A-
CDA4O0L activated NK cellsuponIV immunization are potent killers of MHC class I-deficient
target cells.
Example 5: Intravenous Administration of recombinant MV A results in enhanced
ADCC

[0356] Shownin Figure 10A, C57BL/6 mice were treated IV either with 251 g anti-
CD4(clone GK1.5), MVA-OVA (rMVA) + 51 gratIgG2b, or 11 ganti-CD4 or MVA-OV A
(rMVA) + 11 g anti-CD4. 24 hours |ater mice were sacrificed and CD4 T cell (CD3'CD4")
depletion in the liver was analyzed by flow cytometry. 251 g anti-CD4 was defined as 100%

specific killing. Incomparisonto rMV A + IgG2b (defined as 0% specific killing), 11 g anti-
CD4 depleted 61% of all liver CD4 T cells. The combination of rMVA + 11 g anti-CD4
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resulted in 93% CD4 T cell depletion, which is almost as efficient as 251 g anti-CD4. Thus,
combination of rMV A and depleting antibodies |eads to synergistic target cell killing invivo.

[0357] Shown in Figure 10B and 10C to assess ex vivo ADCC activity of NK cells,
C57BL/6 (B) or Balb/c (C) mice were immunized IV either with PBS, MVA-OV A (rMVA)
or MVA-OV A-CD40L (rMV A-CD40L). 24 hours later mice were sacrificed; splenic NK
cells were purified by magnetic cell sorting and used as effectors in antibody-dependent
effector: target killing assays. (B) Target B16.F10 cells were coated with mouse anti-
human/mouse Trp1 mAb (clone TA99) and (C) Target CT26-HER2 cells were coated with
mouse anti-human HER2 mAb (clone 7.16.4). Purified NK cells were added to the antibody-
coated target cells at a 5:1 and 4:1 ratio, respectively. Cell death was determined by
measuring release of Lactate Dehydrogenase (L DH) into the cell culture medium. In both
assays, target cell lysis was stronger when NK cells were activated in vivo by rMVA or
rMVA-CD40L compared to PBS. Activation by rMV A-CD40L resulted in the highest lytic
activity. CT26-HER?2 cellsincubated with different concentrations of anti-human HER2 (0.1
to 101 g/ml anti-HER2) were also more efficiently killed by rMVA-CD40L activated NK
cells as compared to rMV A activated NK cells (shown in D).

[0358] Shownin Figure 10E, ex vivo ADCC activity of NK cells was analyzed using
MV A-HER2-Twist-CD40L. Balb/c mice were immunized IV either with PBS or MVA-
HER2-Twist-CD40L. CT26-HER2 cells were coated with 5, 0.5, and .05 1 g/ml of mouse
anti-human HER2 mAb (clone 7.16.4). Purified NK cells were added to the antibody-coated
target cells at a 5:1 ratio. Cell death was determined by measuring release of Lactate
Dehydrogenase (L DH) into the cell culture medium. Target cell lysis was stronger when NK
cells were activated in vivo by MV A-HER2-Twist-CD40L compared to PBS.

[0359] Thus, ADCC-mediated killing of tumor cells expressing relevant human
tumor antigens can be enhanced by rMV A and especially rMVA-CD40L and MV A-HER2-
Twist-CD40L mediated NK cell activation. Furthermore, rMV A and especially rMV A-
CD40L and MVA-HER2-Twist-CD40L enhanced ADCC activity is observed over a wide
dose range of antibody.
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E xample 6: Intravenous Administration of recombinant MVA induces Strong CD8 T
cell responses

[0360] C57BL/6 mice were immunized IV or SC with 5 B 10’ TCIDsp MV A-OV A
ondays 0 and 16. Ondays 7 and 22, OV A-specific CD8 T cell responses in the blood were

assessed by flow cytometry after staining with H-2KP/OV A 257264 dextramers, Shown in
Figure 11, on day 7 the frequency of OV A-specific CD8 T-cells was 9-fold higher as
compared to SC injections. On day 22, OV A-specific T-cells were 4-fold higher than after
SC injection,

Example 7: Intravenous Administration of recombinant MVA-CD40L further

enhances CD8 T cell responses

[0361] Shown in Figure 12, C57BL /6 mice were immunized intravenously with 5 B
10’ TCIDsoMV A-OV A or MV A-OV A-CD40L ondays0 and 35. OV A-specific CD8 T cell
responses in the blood were assessed by flow cytometry after staining with H-2Kb/OV A 2s7.
264 dextramers. At the peak of the primary (day 7) and secondary (day 39) response, the
frequency of OV A-specific CD8 T cells was enhanced 4-fold and 2-fold, respectively after
MV A-OV A-CD40L compared to MV A-OV A immunization (L auterbach et al. 2013).
Example 8:

proliferation
Table 1. Examples 8 -10 IV _immunization scheme

Prime-Boost Immunization shows repeated NK cell activation and

groups prime day 0 boost day 21 boost day 42
PBS PBS PBS PBS

rMVA hom rMVA rMVA rMVA
rMVA-CD40L hom rMVA-CDAOL rMVA-CD40L rMVA-CD40L
rMVA-CD40L het riMVA-CD40L rMVA rMVA

[0362] C57BL /6 mice were immunized IV as shown in Table 1 (recombinant MV A
dosages were at 5 B 10’ TCIDsp). NK cells (CD3" NK p46*) were analyzed in the blood by
flow cytometry one and four days after second and third immunization. Shown in Figures
13A and 13B are the GMFI CD69 (A) and the frequency of Ki67* NK cells (B).
13A and 13B illustrate that NK cells are activated by each immunization despite the presence

Figures

of anti-vector immunity. This unexpected finding supports combination of antibody therapy
with boost immunizations that would activate NK cells. Thus, when cancer patients are
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treated multiple times with recombinant MV A and mount anti-vector responses, NK cell
activation is not impaired. In contrast, each treatment |eads to de novo NK cell activation.
Example 9: Prime-Boost Immunization shows stronger induction of CD4 T helper cells

[0363] C57BL/6 mice were immunized as shown in Table 1 (recombinant MV A
dosages were at 5 B 10’ TCIDso). Serum cytokine levels were quantified at 6 hours post
immunization by a multiplex bead assay (Luminex). Shown are the results from the
expression of the named cytokines. 14A) IL-6; 14B) CXCL10; 14C) IFN-a; 14D) IL-22;
14E) IFN-y; 14F) CXCL1; 14G) CCL4; 14H) CCL7; 141) CCL2; 14)) CCL5; 14K) TNF-a;
14L) IL-12p70; and 14M) IL-18.

[0364] Shown in Figures 14A-14M, rMV A-CD40L hom-treated mice had a similar
cytokine profile as mice primed with rMV A and boosted with rMVA-CD40L (rMV A-
CDA40L het). rMV A hom-treated mice displayed lower levels of IL-6, IL12p70, IL-22, IFN-
a, TNF-a, CCL2, CCL5 and CXCL1 after the first and second immunization compared to
mice primed with rIMVA-CD40L. A cytokine absent after the prime but highly produced
after second and third immunization was IL-22. IL-22 is largely produced by effector T
helper cells and subpopulations of innate lymphocyte cells. The higher expression of IL-22
inrMVA-CD40L het or rMV A-CD40L hom-treated mice thus indicates stronger induction
CD4 T helper responses by rMV A-CD40L immunization. Overall, IV rMVA and rMV A-
CD40L immunization induced high systemic cytokine responses that are highest in mice
primed with rMV A-CD40L.

Example 10: Prime-Boost Immunization shows stronger antigen specific CD8 T cell
responses

[0365] C57BL/6 mice were immunized IV as shown in Table 1 (recombinant MV A
dosages were at 5 B 107 TCIDso). Similar to NK cells, induction of antigen-specific CD8 T

cell responses after repetitive immunization was assessed. Shown in Figure 15, CD8 T cell
frequencies were drastically enhanced after the second and third immunization with rMV A
and rMV A-CD40L. Of note, after the second immunization, about 80% of all PBL wereCD8
T cells (A). While the vector-specific (B8) CD8 T cell response peaked after the second
immunization (B), transgene- specific (OV A) responses could be further boosted with a third
immunization (C). This resulted in increased ratios of OV A/B8-specific CD8 T cells (D),
indicating an immune focusing towards the transgene. Importantly, these results demonstrate
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that antigen-specific T cell responses can be boosted by IV immunization in the presence of
anti-vector immunity. Thus, in cancer patients multiple treatments might result in stronger
tumor-antigen specific CD8 T cell responses.

Example 11: Prime-Boost Immunization shows stronger memory CD8 and CD4 T cell

responses

[0366] C57BL/6 mice were immunized IV as shown in Table 1. The results are
shown in Figure 16. Phenotypically, effector and effector memory T cells can be identified
by the expression of CD44 and the lack of surface CD62L. Monitoring CD44" CD62L" CD8
(A) and CD4 (B) T cells in the blood demonstrated that repeated IV immunization induces
expansion of effector and effector memory T cells. Interestingly, mice that received either
rMV A-CD40L hom or rMV A-CD40L het had about 2.5fold more circulating effector CD4
T cells than mice primed with rMV A (B, day 25). This indicates that systemic priming with
rMV A-CD40L induces stronger CD4 T cell responses than rMV A.
Example 12: Intravenous Administration of recombinant MV A results in strong anti-

tumor effects in treating Melanoma

[0367] C57BL/6 mice bearing palpable B16.0V A tumors were primed (dotted line)
either IV or SC with PBS, MVA-OVA (rMVA) or MVA-OVA-CD40L (rMVA-CD40L)
(recombinant MV A dosages were at 5 B 10’ TCIDso). At 7 and 14 days after prime
immunization, the mice received subsequent boosts with FPV-OVA at 5 B 107 TCIDso

(dashed lines). Tumor growth was measured at regular intervals. Shown in Figure 17 are

tumor mean volume (A) and survival of tumor-bearing mice by day 45 after tumor
inoculation (B). Thus, priming of B16.0VA tumor bearing mice IV with rMVA-CD40L
provides a stronger anti-tumor effect as compared to both SC rMV A-CD40L or SC or IV
rMVA.

Example 13: A single intravenous administration of recombinant MVA results in

strong anti-tumor effects
[0368] C57BL/6 mice bearing palpable B16.0VA tumors were IV vaccinated as

shown in Table 2. Tumor growth was measured at regular intervals. Shown in Figure 18 is
tumor meanvolume. T he results indicate that a single therapeutic immunizationwithrMV A-
CDA40L is as strong as homol ogous or heterologous prime/boost immunizations. Importantly,
these data highlight the potent anti-tumor activity of rMV A-CD40L.
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Table 2. V accination scheme corresponding to Example 13

PBS PBS none

VA rMVA hone

VA 2x rMVA rMVA
VA MVA-CD40L rMVA rMVA-CD40L

rMVA=CD40L rMVA-CD40L none

rMVA-CDA40L=> rMVA rMVA-CD40L VA
rMVA-CDA0L 2x rMVA-CD40L rMVA-CDA40L

rMVA-CDA40L=> rFPV rMVA-CD40L rFPV

Example 14: CD8 T-cells are important for rMVA-CD40L mediated tumor control

[0369] C57BL/6 mice bearing palpable B16.0VA tumors were immunized via
intravenous administration with PBS, MV A-OVA (rMVA) or MVA-OVA-CD40L (rMVA-
CD40L) (recombinant MV A dosages wereat5 B 107 TCIDso). Mice received intraperitoneal
injections of 2001 g anti-CD8 antibody where indicated. Shownin Figure 19, immunization
with rMV A-CD40L induced stronger overall CD8 T cell responses (A) as well as stronger
neo-antigen (OV A)-specific CD8 T cell responses (B) compared to rMV A. C) represents
overall survival. These data indicate that rMVA-CD40L induces superior CD8 T cell
responses in a tumor setting and that the induced CD8 T cell responses are important for the
anti-tumor effect seen after therapeutic immunization.

Example 15: IV_Administration of recombinant MV A encoding at least two TAAS is

more effective

[0370] C57BL/6 mice bearing palpable B16.0V A tumors were immunized IV either
withPBS, MVA-OVA-TRP2, MVA-OVA-TRP2-CD40L or MVA-OV A-CD40L. Shownin
Figure 20, tumor growth was measured at regular intervals and is displayed as mean diameter
of individual mice (A) and mean volume (B). Survival is shown in (C). These data indicate
that a single therapeutic immunization with rMV A-CD40L encoding two TAAS is more
efficient than immunization with rMV A-CD40L encoding only one TAA.
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Example 16: Intravenous administration of recombinant MVA-CD40L increased T -

cell infiltration in the tumor microenvironment

[0371] C57BL/6 mice bearing palpable B16.O0VA tumors were immunized
intravenously with PBS, rMVA (MVA-OVA) or rMVA-CD40L (MVA-OVA-CD40L)
(recombinant MV A dosages were at5 B 107 TCIDso). After 7 days, mice were sacrificed. As
shown in Figure 21A and 21 B, the frequency and distribution of CD8" T cells and OV A 257

264-Specific CD8+ T cells was analyzed among |eukocytes in spleen, tumor-draining lymph
nodes (TDLN) and tumor tissues. In Figure 21C, geometric mean fluorescence intensity
(GMFI) of PD-1 and Lag3 on tumor-infiltrating OV A2s7.2e4—specific CD8" T cells was
analyzed; In figure 21D, representative dot plots of tumor-infiltrating CD8" T cells of Ki67
and PD-1 expression is shown. In Figure 21E, frequencies of tumor-infiltrating Ki67* CD8"
T cells and GMFI of PD-1 are shown; In Figure 21F, frequency of tumor-infiltrating
regulatory T cells (Treg) among leukocytes is illustrated. InFigure 21G, frequencies of PD-
1high _ and PD-1™ —tumor-infiltrating T reg are shown. T aken together, these data show that
rMV A-CD40L immunization leads to a more pronounced infiltration of TAA -specific CD8
T cells into the tumor microenvironment (TME) and that these CD8 T cells express lower
amounts of markers associated with ‘immune exhaustion’ compared to PBS and rMV A
immunization. Furthermore, rMV A-CD40L immunization leads to a reduction of highly
suppressive Treg in the TME compared to PBS.

Example 17: Intravenous administration of recombinant MVA-CD40L increased

longevity of T-cell infiltration of tumor microenvironment

[0372] TCR-transgenic OV A-specific CD8 T cells (OT-I) were intravenously
transferred into B16.0V A tumor bearers when tumors were pal pable. When tumors reached
at least 60 mm? in volume animals were immunized with MVA-BN, MVA-OVA (rMVA),
or MVA-OVA-CD40L (rMVA-CD40L) (recombinant MV A dosages were at 5 B 10’
TCIDso). After 17 days, mice were sacrificed and analyzed for A) Frequency of CD8" T

cells among leukocytes in tumor tissues; B) Frequency of Lag3* PD 1" within CD8" T cells;
C) Frequency of Eomes™ PD1* T cells within CD8" T cells; D) Presence of OT-I-transgenic
CD8" T cells within the TME upon immunization; and E) Frequency of Lag3" PD1*
exhausted T cells within OT-I" CD8" T cells; and F) Frequency of Eomes™ PD 1" exhausted
T cells within OT-I" CD8" T cells. The results are shown in Figure 22. These data indicate
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that TAA-specific CD8 T cells that are recruited into the TME upon rMVA-CD40L
immunization show less signs of immune exhaustion than after control treatment (MVA-BN
without encoded TAA) or rMV A immunization even after prolonged exposure to the TME.

Example 18: Intravenous administration of recombinant MVA-CD40L decreased

levels of Treg in tumor microenvironment
[0373] Purified OV A-specific TCR-transgenic CD8 T cells (OT-I) were

intravenously transferred into B16.0VA tumor bearers when tumors were palpable. When

tumors reached at least 60 mm? in volume animals were immunized with MV A-BN, MV A-
OVA (rMVA), or MVA-OVA-CD40L (rMVA-CD40L) (recombinant MV A dosages were
at5 B 10’ TCIDso). After 17 days mice were sacrificed and analyzed for: A) Frequency of
Foxp3® CD4" Treg among CD4* T cells in tumor tissues; and B) Ratio of CD8" CD44"
effector T cells to Foxp3" CD4" Tregs. The results are shown in Figure 23. Taken together,
these data show that even after prolonged exposure to the TME, a single immunization with
rMV A-CD40L leads to an increased T eff/T reg ratio compared control treatment (MV A-BN
without encoded TAA) or rMV A immunization,

Example 19: MVA-OVA-CD40L safer for humans as compared to agonistic CD40
mADb

Table 3. Immunization schedule Example 19

groups prime day 0 boostday 21 boost day 42
PBS PBS PBS PBS

rMVA hom rMVA rMVA rMVA
rMVA-CD40L hom rMVA-CD40L rMVA-CD40L rMVA-CD40L
rMYA-CDA0L het rMVA-CD40L rMVA rMVA

aCD40 Anti-CD40 mAb Anti-CD40 mAb Anti-CD40 mAb

[0374] C57BL/6 mice were injected IV either with PBS, MVA-OVA (rMVA),
MVA-OVA-CD40L (rMVA-CD40L) or anti-CD40 (FGK4.5) as shown in Table 3
(recombinant MV A dosages were at 5 B 10’ TCIDso, anti-CD40 dosage was at 1001 g).
Serum concentration of alanine aminotransferase (ALT) was quantified one day after each
immunization by ELISA. Shown in Figure 24, ALT levels were highest after the first
injection of anti-CD40. The ALT concentration after the first immunization with rMV A-

CDA40L was 2-fold lower than after anti-CD40 treatment. Importantly, serum ALT levels
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after repeated rMVA and rMVA-CD40L immunization were not enhanced. Although
repeated injection of anti-CD40 antibody also did not result in enhanced ALT levels, 3 of 4
mice died in this group (FD = found dead). Also shownin Figure 21 lower serum levels of
alanine aminotransferase (ALT) were seen after MV A and rMV A-CD40L immunization
compared to anti-CD40 immunoglobulin injection. Thus, in contrast to the described liver
toxicity of agonistic anti-CD40 (Medina-Echeverz et al., 2015), no such toxicity was
observed after repeated IV injection of rMV A and rMV A-CD40L.
Example 20: Increased overall survival and tumor reduction in IV_administration of
rMVA-CD40L

[0375] Balb/c mice bearing palpable CT26.HER2 tumors were immunized IV with
MV A- AH1A5-p15-TRP2-CD40L (rMV A-CD40L) or received PBS. Tumor growth was
measured at regular intervals. Shown in Figure 25 are the tumor mean volume (A) and

survival (B). These data indicate that a single therapeutic immunization with rMV A-CD40L
is efficiently prolonging survival in a colon cancer model.
Example 21: Increased overall survival and tumor reduction in IV_administration of
rMVA-CD40L + anti-Trp1

[0376] C57BL/6 mice bearing palpable B16.0VA tumors (at least 60 mm?® in
volume) were immunized intravenously with MV A-OVA-CD40L (mBNbc115) at 5 B 10’
TCIDso onday 8. Mice were intraperitoneally injected with 2001 g anti-Trp1 (clone TA99)

twiceAveek starting on day 5. Results are shown in Figure 26A and 26B for tumor mean
volume and overall survival rate, respectively. Shown in the Figures, the combination of
rMVA-CD40L and the anti-Trp1 mA b showed an overall reduction in tumor volume and
increase in overall survival rate as compared to the anti-Trp1 mAb and the rMV A-CD40L
by themselves. Thus, combination of a tumor-specific antibody and rMVA-CD40L
administered intravenously has a significantly increased anti-tumor activity as compared to
either a non-IV administration of rIMVA-CD40L or an administration of antibody alone.
Example 22: Construction of Recombinant MVA viruses MV A-mBN445, MV A-
mBN451, MVA-mBNbc197, MVA-mBNbc195, MVA-mBNbc388 MVA-mBN bc389,
and MV A-mBN484

[0377] Generation of recombinant MV A viruses that embody elements of the
combination therapy (e.g., MV A-mBN445, MV A-mBN451 and MV A-mBN484) was done

88



10

15

20

25

30

WO 2019/038388 PCT/EP2018/072789

by insertion of the indicated transgenes with their promoters into the vector MVA-BN.
Transgenes were inserted using recombination plasmids containing the transgenes and a
selection cassette, as well as sequences homologous to the targeted loci within MV A-BN.
Homologous recombination between the viral genome and the recombination plasmid was
achieved by transfection of the recombination plasmid into MV A-BN infected CEF cells.
The selection cassette was then deleted during a second step with help of a plasmid
expressing CRE-recombinase, which specifically targets loxP sites flanking the selection
cassette, therefore excising the intervening sequence.

[0378] For construction of MVA-BN mBNbc197 and MVA-BN mBNbc195,
recombination plasmids were used for the two or three transgenes for mBNbc197 (MVA-
OVA-TRP2) and mBNbc195 (MVA-OVA-TRP2-CD40L), respectively. The plasmids
included insert sequences which are also present in MV A. Nucleotide sequences encoding
the OV A and TRP2 and/or CD40L antigens were present between the MV A insert sequences
to allow for recombination into the MV A viral genome. Thus, a plasmid was constructed for
each construct that contained the OVA and TRP2 and/or CD40L coding sequences, each
downstream of a promoter.

[0379] For the construction of mBN451, the recombination plasmid included two
transgenes HER2v1 and Brachyury (SEQ ID NO: 1 and SEQ ID NO: 3, respectively), each
preceded by a promoter sequence, as well as sequences which are identical to the targeted
insertion sitewithin MV A-BN to allow for homologous recombinationinto the viral genome.
The HER2 and Brachyury coding sequences (or nucleotide sequences) are SEQ ID NO: 2
and SEQ ID NO: 4, respectively.

[0380] For the construction of mMBN445 the recombination plasmid included the
three transgenes HER2v1, Brachyury, and CD40L (SEQID NO: 1, SEQ ID NO: 3, and SEQ
ID NO: 11, respectively), each preceded by a promoter sequence, aswell as sequences which
are identical to the targeted insertion site within MV A-BN to allow for homologous
recombination into the viral genome. The HER2, Brachyury, and CD40L coding sequences
(or nucleotide sequences) are SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 12,
respectively.

[0381] For construction of mBNbc388 the recombination plasmid included the three
transgenes HER2v1, Twist, and CD40L (SEQ ID NO: 1, SEQ ID NO: 15, and SEQ ID NO:
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17, respectively), each preceded by a promoter sequence, as well as sequences which are
identical to the targeted insertion site within MVA-BN to allow for homologous
recombination into the viral genome. The HER2v1, Twist, and CD40L coding sequences
(or nucleotide sequences) are SEQ ID NO: 2, SEQ ID NO: 16, and SEQ ID NO: 18,
respectively.

[0382] For construction of mBNbc389 the recombination plasmid included the two
transgenes HER2v1 and Twist (SEQID NO: 1, SEQ ID NO: 15, respectively), each preceded
by a promoter sequence, as well as sequences which are identical to the targeted insertion
site within MV A-BN to allow for homologous recombination into the viral genome. The
HER2, Twist, and CD40L coding sequences (or nucleotide sequences) are SEQ ID NO: 2
and SEQ ID NO: 16 respectively.

[0383] For construction of mBN484 the recombination plasmid included the three
transgenes HER2 v.2, Brachyury, and CD40L (SEQ ID NO: 13, SEQ ID NO: 3, and SEQ
ID NO: 11, respectively), each preceded by a promoter sequence, aswell as sequences which
are identical to the targeted insertion site within MVA-BN to allow for homologous
recombination into the viral genome. The HER2 v.2, Twist, and CD40L coding sequences
(or nucleotide sequences) are SEQ ID NO: 14, SEQ ID NO: 4, and SEQ ID NO: 12,
respectively.

[0384] For generation of the above described mBN MVAs, (eg, .mBN445,
mBN451, and mBN484), CEF cell cultures were each inoculated with MVA-BN and
transfected each with the corresponding recombination plasmid. In turn, samples from these
cell cultures were inoculated into CEF cultures in medium containing drugs inducing
selective pressure, and fluorescence-expressing viral clones were isolated by plaque
purification. Loss of the fluorescent protein-containing selection cassette from these viral
clones was mediated in a second step by CRE-mediated recombination involving two loxP
sites flanking the selection cassette in each construct. After the second recombination step
only the transgene sequences (e.g., HER2, Brachyury, and/or CD40L) with their promoters
inserted in the targeted loci of MV A-BN were retained. Stocks of plaque-purified virus
lacking the selection cassette were prepared.

[0385] Expression of the identified transgenes was subsequently demonstrated in
cells inoculated with the described construct (See e.g., Figure 27).
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[0386] Generation of MV A-mBNbc197, mBNbc195, mBNbc388, and mBNbc389
was carried out by using a cloned version of MV A-BN in a bacterial artificial chromosome
(BAC). Recombination plasmids containing the different transgenes for mBNbc197 (MV A-
Ova-Trp2), mBNbc195 (MV A-Ova-Trp2-CD40L), mBNbc388 and mBNbc389 were used.
The plasmids included sequences that are also present in MV A and therefore allow for
specific targeting of the integration site. Nucleotide sequences encoding the OV A, Her2 v1,
TwistT rp2 and/or CD40L antigens were present between the MV A sequences that allow for
recombination into the MVA viral genome. Thus, a plasmid was constructed for each
construct that contained the OVA, Her2 v1, Twist, Trp2 and/or CD40L coding sequences,
each downstream of a promoter. Briefly, infectious viruses were reconstituted from BACs
by transfecting BAC DNA into BHK-21 cells and superinfecting them with Shope fibroma
virus as a helper virus. After three additional passages on CEF cell cultures, helper- virus
free MV A-mBNbc197, MV A-mBNbc195, MV A-mBNbc388 and MV A-mBNbc389 were
obtained. An exemplary MV A generation is also found in Baur et al., "Immediate-early
expression of a recombinant antigen by modified vaccinia virus Ankara breaks the
immunodominance of strong vector-specific B8R antigen in acute and memory CD8 T-cell
responses,"/. Virol. 84(17):8743-52 (2010).

E xample 23 Heterologous expression of MV A-HE R2-Brachyury-C D40L

[0387] Hel a cells were left untreated (mock) or infected with MV A-BN or MV A-
HER2-Brachyury-CD40L (MV A-mBN445). After overnight culture, cells were stained with
anti-HER2-APC (clone 24D 2), anti-Brachyury (rabbit polyclonal) + anti-rabbit IgG-PE and
anti-CD40L-APC (clone TRAP1). Shown in Figure 27A-27D, flow cytometric analysis
revealed expression of all three transgenes.

Example 24: Synthetic HER2 proteins prevent binding of Trastuzumab and

Pertuzumab

[0388] Mouse colon carcinoma CT26 cells were infected with MVA-HER2-
Brachyury-CD40L (MVA-mBN484) at an MOI of 1. 24 hours later, cells were incubated
with 5 1 g/ml of the HER2 antibodies Trastuzumab, Pertuzumab or 24D2. Figure shows
expression levels of HER2 normalized to clone 24D2 HER2 staining. Data expressed as
Mean & SEM, representative of two independent experiments. The results are shown in
Figure 28.
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E xample 25: E nhanced activation of human DCs by MV A-HE R2-Brachyury-C D40L
[0389] Monocyte-derived dendritic cells (DCs) were generated after enrichment of

CD 14" monocytes from human PBMCs and cultured for 7 days in the presence of GM-CSF
and IL-4 according to protocol (Miltenyi, MO-D C generation tool box). D Cs were stimulated
with MV A-HER2-Brachyury or MV A-HER2-Brachyury-CD40L. Shown in Figure 29
expression of A) CD40L, B) CD86, and C) and MHC class II was analyzed by flow
cytometry. Shownin D), the concentration of IL-12p70 in the supernatant was quantified by
luminex after over-night culture.

[0390] This experiment demonstrates that rMV A-HER2-Brachyury-CD40L
stimulates human DCs, inducing their activation and thus enhancing their capability to
present antigens. The production of the Th1 polarizing and NK cell activating cytokine IL-
12p70 by stimulated human DCs indicates that MV A-HER2-Brachyury-CD40L activates
human D Cs towards a pro-inflammatory phenotype.

Example 26: Increase in Overall Survival and Tumor reduction in Intravenous
Administration of mBNbc388 and mBNbc389

[0391] Mouse Colon Carcinoma MC38 cells expressing HER2 (MC38.HER2) were

s.c. injected into C57BL/6 mice. Mouse Colon Carcinoma CT26 cells expressing HER2

(CT26.HER2) were s.c. injected into Balb/c mice. In both mice groups, when tumors were
above 50mm? mice bearing MC38.HER2 tumors (Figure 30A and 30B) and CT26.HER2
tumors (Figure 31A and FIGURE 31B) were immunized (dotted line) either with PBS,
MVA-CD40L or MVA-HER2-Twist-CD40L IV. Tumor growth was measured at regular
intervals. InA) tumor mean volume was measure and in B) overall survival of tumor-bearing
mice by day 60 after tumor inoculation.

[0392] Because the mouse homolog of Brachyury is neither highly expressed in
normal mouse tissues nor predominantly expressed in mouse tumor tissues, the efficacy of
Brachyury as a target for an active immunotherapy cannot be studied effectively in a mouse
model system. See, WO 2014/043535, which is incorporated by reference herein.  Twist,
the mouse homolog of the Human Brachyury is used in mouse models is a predictive model
for Brachyury function in humans. This was demonstrated in WO 2014/043535. Like
Brachyury, the mouse homolog of the EMT regulator Twist both promotes the EMT during
development by down-regulating E-cadherin-mediated cell-cell adhesion and up-regulating
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mesenchymal markers and is predominantly expressed in mouse tumor tissue. See, e.g.,
Figure 5 and Example 8 of WO 2014/043535. T herefore, the study of a T wist-specific cancer
vaccine in mice is very likely to have strong predictive value regarding the efficacy of a
Brachyury-specific cancer vaccine in humans. Id.

Example 27: Intravenous Administration of MVA-HE R2-T wist-C D40L (mBNbc388)

enhances infiltration of HE R 2 specific CD8+ T cells into tumors.

[0393] Balb/c mice bearing CT26.HER2 tumors received intravenously either PBS
or 5x10” TCIDso MV A-HER2-Twist-CD40L. Seven days later, mice were sacrificed, spleen
and tumor-infiltrating CD8" T cells isolated by magnetic cell sorting and cultured in the
presence of HER2 peptide-loaded dendritic cells for 5 hours. Graph shows percentage of
CD44" IFNy" cells among CD8" T cells. Results are shown as Mean & SEM.T he results,
illustrated in Figure 32, demonstrate that the various embodiments of the present invention
are tumor specific.

Example 28: Increase in Overall Survival and Tumor reduction in Intravenous

Administration of mMBNbc388 and mBNbc389 in combination with T rastuzumab

[0394] Balb/c mice bearing CT26.HER2 tumors above 100mm* mean volume
received 51 g of either human IgG1 or Trastuzumab intraperitoneally on day 15 after tumor
inoculation. 2 days after first injection of human IgG1 or Trastuzumab, mice received
intravenously PBS or 5x107 TCIDso of MV A-HER2-Twist-CD40L as illustrated in Figure
31. Inthis example, Human IgG1 is used as an experimental control for T rastuzumab, since
IgG1 does not bind HER2 as Trastuzumab does. Tumor growth and overall survival time
was measured at regular intervals. (A) Tumor mean volume and (B) mouse survival over
time.

[0395] Shown in Figures 33 (A) and (B), the combination of MV A-HER2-Twist-
CD40L with Trastuzumab was particularly effective in reducing larger tumors and extending
the overall survival rate of mice with those large tumors even at reduced dosage of antibody
as compared to Example 21.

Example 29: Overall survival and tumor reduction in IV_administration of MVA-
HE R2-Twist-CD40L in orthotopic breast cancer model
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[0396] Balb/c mice bearing orthotopic 4T 1.HER2 tumors are primed IV with 5 B 107
TCIDso MV A-HER2-Twist (mBNbc389) and/or MV A-HER2-Twist-CD40L (mBNbc388).
Tumor growth will be measured at regular intervals and overall survival will be recorded.
Example 30: Strong NK cell mediated toxicity from an IV_administration of MVA-
HER2-Twist-CD40L + anti-HER2

[0397] C57BL/6 mice are immunized IV with 5 B 10’ TCIDso MV A-HER2-Twist,
MV A-HER2-Twist plus anti-Her2, or PBS. 24 hours later mice are sacrificed and splenic

NK cells are purified by magnetic cells sorting and will be used as effectors in an effector:
targetkilling assay. Briefly NK cells are cultured with CFSE-labelled MCH class I-deficient
Y AC-1 cells at the ratios shown in Example 4. Specific killing is assessed by quantifying
unviable CFSE+ Y AC-1 cells by flow cytometry.
Example 31: IV administration of MVA-HE R2-Twist-CD40L + anti-HER2 enhances
ADCC
[0398] C57BL/6 mice are treated IV either with 25 1 g anti-CD4, MVA-HER2-
TWIST-CD40L + 51 gratIgG2b, or 11 g anti-CD4 or MVA-HER2-TWIST-CD40L + 11 g
anti-CD4 24 hours later mice are sacrificed and CD4 T cell (CD3"CD4") depletion in the
liveris analyzed by flow cytometry. 251 g anti-CD4 was defined as 100% specific killing.
[0399] To assess ex vivo ADCC activity of NK cells, C57BL/6 (B) or Balb/c (C)
mice are immunized IV either with PBS, MVA-HER2-TWIST or MVA-HER2-TWIST-

CDA4O0L. 24 hours later mice are sacrificed; splenic NK cells are purified by magnetic cell

sorting and used as effectors in antibody-dependent effector: target killing assays. (B) Target
MC38-HER2 cells are coated with mouse anti-human/mouse HER2 mAb. Target CT26-
HER2 cells are coated with mouse anti-human HER2 mAb. Purified NK cells are added to
the antibody-coated target cells ata 5:1 and 4:1 ratio, respectively. Cell death is determined
by measuring release of Lactate Dehydrogenase (LDH) into the cell culture medium.
Example 32: Increased overall survival and tumor reduction in IV _administration of
rMV A-CD40 + anti-HER 2 at decreasing concentrations of HE R 2 antibody.

[0400] Balb/c mice bearing palpable CT26-HER2 tumors are immunized IV with
MV A-HER2-Twist -CD40L at 5 B 107 TCIDso on day 8. Mice were intraperitoneally
injected with decreasing dosages of anti-HER2 (200 ug, 100 ug, 25 ug) twiceAveek starting
on day 5. Tumor mean volume and overall survival rate are analyzed as compared to mice
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injected with just 200 1 g anti-HER2 antibody and mice injected with just MVA-HER2-
TWIST-CD40L.
E xample 33: Increased overall survival and tumor reduction in IV_administration of
rMVA-CD40L + anti-CD52 antibody.

[0401] Balb/c mice bearing CT26.CD52 tumors receive 51 g of either human IgG1

or anti-CD52 (alemtuzumab) intraperitoneally after tumor inoculation. After first injection
of human IgG1 or alemtuzumab, mice receive intravenously PBS or 5x10” TCIDso of MV A-
CD52-CD40L. Tumor growth and overall survival time are measured at regular intervals.
(A) Tumor mean volume and (B) mouse survival over time.
Example 34: Increased overall survival and tumor reduction in IV _administration of
rMVA-CD40L + anti-EGFR antibody.

[0402] Balb/c mice bearing CT26.EGFR tumors receive 5 1 g of either human IgG1

or anti-EGFR (cetuximab) intraperitoneally after tumor inoculation. After first injection of

human IgG1 or cetuximab, mice receive intravenously PBS or 5x10” TCIDso of MV A-
EGFR-CD40L. Tumor growth and overall survival time are measured at regular intervals.
(A) Tumor mean volume and (B) mouse survival over time,

[0403] It will be apparent that the precise details of the methods or compositions
described herein may be varied or modified without departing from the spirit of the described
invention. We claimall such modifications and variations that fall within the scope and spirit

of the claims below.
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SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accompanying sequence listing are shown

using standard letter abbreviations for nucleotide bases, and either one letter code or three
letter code for amino acids, as defined in 37 C.F.R. 1.822. Only one strand of each nucleic
acid sequence is shown, but the complementary strand is understood as included by any
reference to the displayed strand.

SEQ ID NO:1
Synthetic Her2 v1 amino acid sequence (1,145 amino acids):

MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLY QGCQ
VVQGNLELTY LPTNASLSFLQDIQEV QGYVLIAHNQVRQVPLQRLRIVRGTQLFED
NYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQLCY QDT
ILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAG
GCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTY NTR
TFKSMPNPEGRY TFGASCVTACPY NY LSTDVGSCTLVCPAANQEVTAEDGTQRCE
KCSKPCARVCY GLGMEHLREVRAVTSANIQEFAGCKKIFGSLAFLPESFDGDPASN
TAPLQPEQLQVFETLEEITGY LY ISAWPDSLPDLSVFQNLQVIRGRILHNGAYSLTL
QGLGISWLGLRSLRELGSGLALIHHNTHLCFVHTVPWDQLFRNPHQALLHTANRPE
DECVGEGLACHQLCARGHCWGPGPTQCV NCSQFLRGQECVEECRVLQGLPREYV
NARHCLPCHPECQPQNGSVTCFGPAADQCVACAHY KDPPACVARCPSGVKPDLS
Y MPIWAFPDEEGACQPCPINCTHSCVYDLDDKGCPAEQRASPLTSIISAVVGILLVVV
LGVVFGILIKRRQQKIRKY TMRRLLQETELVEPLTPSGAMPNQAQMRILKETELRK
VKVLGSGAFGTVY KGIWIPDGENVKIPVAIMVLRENTSPKANKEILDEAYVMAGV
GSPYVSRLLGICLTSTVQLVTQLMPY GCLLDHVRENRGRLGSQDLLNWCMQIAKG
MSY LEDVRLVHRDLAARNVLVKSPNHVKITDFGLARLLDIDETEY HADGGKYV PIK
WMALESILRRRFTHQSDVWSY GVTVWELMTFGAKPY DGIPAREIPDLLEKGERLP
QPPICTIDVY MIMV KCWMIDSECRPRFRELVSEFSRMARDPQRFVVIQNEDLGPASP
LDSTFYRSLLEDDDMGDLVDAEEALVPQQGFFCPDPAPGAGGMV HHRHRSSSTRS
GGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQ
RYSEDPTVPLPSETDGYVAPLTCSPQPELGLDV PV

SEQID NO:2
Synthetic Her2 v1 nucleotide sequence (3441 nucl eotides):

atggaactggctgcictgtgtagatggggactgctgctigetctgtigectectggagetgetictacccaagtgtgeacaggeaccg
acatgaagctgagactgectgctictcctgagacacacctggacatgctgagacacctgtaccagggatgtcaggtggtgcageg

aaatctggaactgacctacctgectaccaacgecagectgagctttctgcaggacatccaagaggtgcagggatacgtgctgateg
ctcacaatcaagtgagacaggtgccactgeagaggctgagaatcgttagaggeacccagetgticgaggacaactatgetetgget
gtgctggacaatggegaccctctgaacaacaccacacctgtgacaggagetictectggtggactgagagaactgcagetgagaa
gectgaccgagatcctgaaaggaggagtgctgatccagcggaacccteagetgtgctaccaggacaccatectgtggaaggaca
tcttccacaagaacaaccagctggctctgacactgatcgacaccaacagaagcagagectgecatecttgeteteccatgtgcaag
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gectctagatgtiggggagagageagcgaggattgccagagectgaccagaacagtgtgtectggaggatgtgccagatgcaaa
ggacctctgectaccgactgetgecacgagcaatgtgcagctggatgtacaggaccaaageactctgattgectggectgectgea
cttcaaccactctggaatctgegagetgeactgtectgetetggtcacctacaacacacggaccttcaagageatgectaatectgaa
ggcagatacacctttggagccagctgtgtgacagectgtecttacaactacctgagcaccgacgtgggeagetgeacactegtitgt
cctgetgecaatcaagaagtgacagecgaggacggeacccagagatgcgagaagtgtageaagectigegctagagtgtgttac
ggactcggcatggaacacctgagagaagtgagagcegtgaccagtgccaacatccaagagtitgetggctgcaagaagatetttg
geagectegecttectgectgagagetticgatggegatcctgecageaatactgetectetgeagectgaacagetccaggtgttcg
agacactggaagagatcacaggctacctgtacatcagegcatggecagacagectgectgacctgtecgtgttccagaacctgea
agtgatcagaggcagaatcctgeacaacggagectatictctgaccctgcaaggcctgggaatcagetggctgggactgagatee
ctgagagagcttggatctggectggctctgatccaccacaatacccacctgtgcticgtgeacaccgtgecttgggaccagetgtttc
ggaatccteatcaggetctgetgeacacagecaacagacctgaggatgagtatgttggcgaaggectggctigtcaccagetetgt
gctagaggacactgtiggggacctggacctacacagtgtgtgaactgtagccagttcctgagaggccaagaatgegtggaagagt
gtagagttctgcagggactgectcgegagtacgtgaacgctagacactgtetgecttgtcatcccgagtgecagectcagaatgge
agcgtgacatgttttggaccagctgccgatcagtgcgtegctgtgctcactataaggaccctecagectgegtggccagatgtect
agcggagtgaagcctgacctgagctacatgeccatctgggeatticcagatgaggaaggagctigecagecttgtectatcaactg
cacccacagctgegtggacctggacgataagggatgtccagecgageagagagectctecactgacctetateatetetgeegte
gtgggcatcctgctggtggtegttctgggagtigtgttcggcatectgatcaagagacggcagcagaagatccggaagtacaccat
gcggagactgctgcaagagactgagctggtggaacctctgacacccageggagctatgectaaccaggctcagatgeggattct
gaaagaaaccgagetgcggaaagtgaaggtectcggctctggagectttggcacagtgtacaaaggcatctggateectgacgg
agagaacgtgaagattcctgtggecateatggtgctgagagagaacacaagtcccaaggecaacaaagagatcctggacgaggc
ctacgtgatggctggtgtiggcageccitatgtgtctagactgetgggcatctgtctgaccageaccgtgeagetggteactcagetg
atgccttacggctgectgetggatcacgtgagagagaatagaggeagactgggctctcaggacctgetgaactggtgcatgeaga
tcgccaagggcatgagctacctcgaggatgtgagactggtccacagagatctggctgecagaaacgtgctegtgaagtctectaa
ccacgtgaagatcaccgacttcggactggctaggctgctggatatcgacgagacagagtaccacgctgatggaggcaaggtgec
catcaagtggatggctctggaatccatcctgagacggagattcacccaccagtccgatgtgtggtcttacggagtgacagtstegs
agctgatgaccttcggagccaagecttacgacggeatccctgccagagagatcccagatctgctggaaaagggagagagactge
ctcagectectatctgeaccatcgacgtgtacatgattatggtcaagtgttggatgatcgacagcgagtgcagacccagattcagag
aactggtgtccgagtictctcggatggecagagatectcagagattcgtggteatccagaacgaggatctgggacctgecageect
ctggacagcaccttctacagatccctgctggaagatgacgacatgggtgacctggtggacgctgaagaagetctggticctcagea
gggcttcttctgeectgatectgetccaggagcaggtggaatggtgcatcacagacacagaagctecageaccagaageggage
cggagatctgacactgggactcgagccatctgaggaagaggctectagatetectetggetcctictgaaggagcetggaagegac
gttttcgacggagatctiggaatgggagctgccaaaggactccagtetetgeccacacacgacccatctccactgeagagatacag
cgaggaccctaccgtgectctgccaagegagacagatggatatgtggcacctctgacctgetctectcagecagaactgggacttg

atgtgectgtttgatga

SEQID NO:3
Synthetic Brachyury amino acid sequence (427 amino acids nucleotides):

MSSPGTESAGKSLQY RVDHLLSAVENELQAGSEKGDPTERELRVGLEESELWLRF
KELTNEMIVTKNGRRMFPVLKVNVSGLDPNAMY SFLLDFVAADNHRWKY V NGE
WV PGGKPEPQAPSCVY IHPDSPNFGAHWMKAPVSFSKVKLTNKLNGGGQIMLNSL
HKY EPRIHIVRV GGPQRMITSHCFPETQFIAVTAY QNEEITALKIKY NPFAKAFLDA
KERSDHKEMMEEPGDSQQPGY SQWGWLLPGTSTLCPPANPHPQFGGALSLPSTHS
CDRY PTLRSHY AHRNNSPTY SDNSPACLSMLQSHDNWSSLGMPAHPSMLPV SHN
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ASPPTSSSQY PSLWSVSNGAV TPGSQAAAVSNGLGAQFFRGSPAHY TPLTHPVSAP
SSSGSPLY EGAAAATDIVDSQY DAAAQGRLIASWTPVSPPSM

SEQID NO:4
Synthetic Brachyury nucleotide sequence (1,287 nucleotides):

atgtctagccctggeacagagtetgetggeaagagectecagtacagagtggaccatetgetgagegcigtggagaatgaactge
aggctggaagcgagaagggagatcctacagaaagagagctgagagicggactggaagagtccgagcetgtggctgcggttcaaa
gaactgaccaacgagatgatcgtgaccaagaacggcagacggatgticectgtgctgaaagtgaacgtgtccggactggacccta

acgccatgtacagctttctgetggatticgtggcagctgacaaccacagatggaagtacgtgaacggagagtgggtgccaggage
aaaacctgaacctcaggctcctagetgegtgtacattcaccctgacageectaacticggageccactggatgaaggctectgtgte

cttcagcaaagtgaagctgaccaacaagctgaacggaggaggccagatcatgctgaacagectgeacaagtatgagectaggat
ccacatcgtcagagttggaggeectcageggatgatcaccagecactgtitccctgagacacagttcatcgcagtgaccgettace

agaacgaggaaatcacagccctgaagatcaagtacaateecttcgecaaggecticctggacgecaaagageggagegaccac

aaagaaatgatggaagaacctggcgacagecageagectggctatictcaatggggatggctgctgecaggeacctecacattgt
geectccagecaatecteatcctcagtttggeggagecctgagectgectageacacacagetgegacagataccctacactgaga
agccactacgctcacagaaacaacagecctacctacagegacaatagecctgectgtetgageatgetgeagteccacgacaatt

ggtccagectgggaatgectgetcaccctictatgetgectgtetctcacaacgectctecacctacaageagetctcagtacectag
cctttggagegtgtccaatggagctgtgacacctggatctcaggetgecgctgtgtctaatggactgggageccagticticagagg
cagccctgctcactacacacctctgacacatccagtgtetgetcctagcageageggaageccteictatgaaggagecgetgeag
ccaccgacatcgtggattctcagtatgatgctgecgeacagggcagactgatcgectettggacacctgtgageccaccttecatgt

gatga

SEQ ID NO:5 (435 aa)

Brachyury protein Isoform 1 from GenBank A ccession No. 015178.1
MSSPGTESAGKSLQY RVDHLLSAVENELQAGSEKGDPTERELRVGLEESELWLRF
KELTNEMIVTKNGRRMFPVLKVNVSGLDPNAMY SFLLDFVAADNHRWKY VNGE
WV PGGKPEPQAPSCVY IHPDSPNFGAHWMKAPV SFSKVKLTNKLNGGGQIMLNSL
HKY EPRIHIVRV GGPQRMITSHCFPETQFIAVTAY QNEEITALKIKY NPFAKAFLDA
KERSDHKEMMEEPGDSQQPGY SQWGWLLPGTSTLCPPANPHPQFGGALSLPSTHS
CDRYPTLRSHRSSPY PSPY AHRNNSPTY SDNSPACLSMLQSHDNWSSLGMPAHPS
MLPVSHNASPPTSSSQY PSLWSVSNGAV TPGSQAAAVSNGLGAQFFRGSPAHY TPL
THPVSAPSSSGSPLY EGAAAATDIVDSQY DAAAQGRLIASWTPV SPPSM

SEQ ID NO:6 (1308 nt)

Coding sequence for Brachyury protein Isoform 1 GenBank Accession No. 015178.1
atgagcagccctggracagagagegecggcaagagectgcagtaccgggtggaccatctgetgagegecgtggagaatgaget
gcaggccggctccgagaagggrgaccccaccgagagggaactgagagtgggcctggaagagtccgagetgtggctgcggttc
aaagaactgaccaacgagatgatcgtgaccaagaacggcagacggatgttccccgtgctgaaagtgaacgtgtccggectggac
cccaacgccatgtacagetttetgetggacticgtggecgecgacaaccacaggtggaaatacgtgaacggegagtgggtgecag
geggraaacctgagectcaggeccccagetgegtgtacatccaccccgacagecccaatttcggegeccactggatgaaggece
ccgtgtecticagcaaagtgaagctgaccaacaagetgaacggcggaggccagatcatgctgaacagectgcacaagtacgage
cccggatccacattgtgegegtgggcggaccccagagaatgatcaccagecactgeticcccgagacacagtttatcgecgtgac
cgcctaccagaacgaggaaatcaccgecctgaagatcaagtacaaccecticgecaaggecticctggacgecaaagagegga
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gcgaccacaaagaaatgatggaagaacccggegacagecageagectggctacagecagtggggctggctgctgecaggeac
ctccactctgtgeecccctgecaaccctcaccetcagticggeggageectgagectgectageacacacagetgegacagatac

cccaccctgeggagccacagaageageecctaccccageccatacgeccaccggaacaacagecccacctacagegacaact

ccccegectgectgageatgetgcagagecacgacaactggtecagectgggeatgectgeccaccctageatgetgeecgtgte
ccacaatgccageccccctaccageagetcccagtaccctagectgtggagegtgtecaatggegecgtgacacctggatctcag
geegctgecgtgagcaatggectgggageccagtictitagaggeagecctgeccactacaccectctgacccaccctgtgtecg

cccctagetccageggeagecctctgtatgaaggegecgctgcagecaccgatatcgtggacagecagtacgatgeegeegete

agggcagactgatcgccagctggacceccgtgtetccccccageatgtga

SEQ ID NO:7 (435 aa)

Brachyury protein Isoform 1 (L254V).

MSSPGTESAGKSLQY RVDHLLSAVENELQAGSEKGDPTERELRVGLEESELWLRF

KELTNEMIVTKNGRRMFPVLKVNVSGLDPNAMY SFLLDFVAADNHRWKYV NGE

WV PGGKPEPQAPSCVY IHPDSPNFGAHWMKAPV SFSKVKLTNKLNGGGQIMLNSL
HKY EPRIHIVRV GGPQRMITSHCFPETQFIAVTAY QNEEITALKIKY NPFAKAFLDA

KERSDHKEMMEEPGDSQQPGY SQWGWLLPGTSTV CPPANPHPQFGGALSLPSTHS
CDRY PTLRSHRSSPY PSPY AHRNNSPTY SDNSPACLSMLQSHDNWSSLGMPAHPS

MLPVSHNASPPTSSSQY PSLWSV SNGAV TPGSQAAAVSNGLGAQFFRGSPAHY TPL
THPVSAPSSSGSPLY EGAAAATDIVDSQY DAAAQGRLIASWTPVSPPSM

SEQ ID NO:8 (1308 nt)

Coding sequence encoding Brachyury protein Isoform 1 with L254V.
atgagctecectggeaccgagagegegggaaagagectgeagtaccgagtggaccacctgetgagegecgtggagaatgaget
graggegggragcgagaagggrgaccccacagagegcgaactgegegtgggectggaggagagegagetgtggetgegctt
caaggagctcaccaatgagatgatcgtgaccaagaacggcaggaggatgtttccggtgctgaaggtgaacgtgtetggectggac
cccaacgecatgtactecttectgetggacttcgtggeggcggacaaccaccgetggaagtacgtgaacggggaatgggtgccg
ggggecaagecggagecgeaggegeccagetgegtctacatccaccecgactcgeccaacticggggeccactggatgaagg
ctcccgtctccttcagcaaagtcaagctcaccaacaagctcaacggagggggccagatcatgetgaactectigeataagtatgag
cctcgaatccacatagtgagagtigggggtccacagegeatgatcaccagecactgcettccctgagacccagttcatageggtgac
tgcttatcagaacgaggagatcacagctcttaaaattaagtacaatccatttgcaaaggctttectigatgcaaaggaaagaagtgate
acaaagagatgatggaggaacccggagacagecageaacctgggtactcccaatgggggtagcticttcctggaaccageace
gtttgtccacctgcaaatcctcatccteagtttggaggtgecctcteectcccctccacgcacagetgtgacaggtacccaaccctga
ggagccaccggtcctcaccctaccccageccctatgetcatcggaacaattctccaacctattctgacaactcacctgeatgtttatce
atgctgeaatcccatgacaattggtccagecttggaatgectgeccatcccageatgetccccgtgagecacaatgecageccace
taccagctecagtcagtaccccagectgtggtetgtgageaacggegecgteaccccgggeteccaggeageagecgtgtccaa
cgggctgggggcccagticticcggggeteccccgegeactacacacccctcacccatecggteteggegeectcttcctcggga
tccccactgtacgaaggggggecgeggrcacagacatcgtggacagecagtacgacgecgeageccaaggecgectcatag
ccteatggacacctgtgtegecaccttccatgtga

SEQ ID NO:9 (449 aa)

Brachyury-I3 fusion protein

MKNNLY EEKMNMSKKSSPGTESAGKSLQY RVDHLLSAVENELQAGSEKGDPTER
ELRVGLEESELWLRFKELTNEMIVTKNGRRMFPVLKVNVSGLDPNAMY SFLLDFV
AADNHRWKYVNGEWYV PGGKPEPQAPSCVYIHPDSPNFGAHWMKAPVSFSKVKLT
NKLNGGGQIMLNSLHKY EPRIHIVRV GGPQRMITSHCFPETQFIAVTAY QNEEITAL
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KIKY NPFAKAFLDAKERSDHKEMMEEPGDSQQPGY SQWGWLLPGTSTV.CPPANP

HPQFGGALSLPSTHSCDRY PTLRSHRSSPY PSPY AHRNNSPTY SDNSPACLSMLQSH
DNWSSLGMPAHPSMLPV SHNASPPTSSSQY PSLWSVSNGAV TPGSQAAAVSNGLG
AQFFRGSPAHY TPLTHPV SAPSSSGSPLY EGAAAATDIVDSQY DAAAQGRLIASWT
PVSPPSM

SEQ ID NO:10 (1350 nt)

Coding sequence encoding I3 Brachyury fusion protein of SEQ ID NO 9.
atgaaaaataactigtatgaagaaaaaatgaacatgagtaagaaaagctcccctggeaccgagagegcgggaaagagectgeag
taccgagtggaccacctgctgagegecgtggagaatgagetgeaggegggagcgagaagggegaccccacagagegegaa
ctgegegtggecctggaggagagegagctgtggetgegcticaaggagctcaccaatgagatgatcgtgaccaagaacggeag
gaggatgtttccggtgctgaaggtgaacgtgtctggectggaccccaacgecatgtactecttcctgetggacticgtggegeegg

acaaccaccgctggaagtacgtgaacggggaatgggteccggggeecaagccggagecgaggegeecageigegtctacat
ccaccccgactcgeccaacttcggggeccactggatgaaggeteccgtcetecttcagcaaagtcaagetcaccaacaagetcaac

ggaggggoccagatcatgctgaactccttgeataagtatgagectcgaatccacatagtgagagtigggggtccacagegeatgat
caccagccactgcttccctgagacccagticatageggtgactgcttatcagaacgaggagatcacagctcttaaaattaagtacaat
ccatttgcaaaggctttccttgatgcaaaggaaagaagtgatcacaaagagatgatggaggaacccggagacagecageaacctg
ggtactcccaatgggggtggcttcticctggaaccageaccgttigtccacctgcaaatectcatccteagtttggaggtgeectetee
ctccectccacgcacagetgtgacaggtacccaaccctgaggagecaccggtectcaccctaccccageccctatgeteatcgga

acaattctccaacctattctgacaactcacctgcatgtttatccatgctgcaatcccatgacaattggtccagecttggaatgectgece
atcccageatgctecccgtgagecacaatgccageccacctaccagetccagteagtaccccagectgtggtctgtgageaacgg

cgeegteaccecgggctcccaggeageagecgtgtecaacgggctgggggcccagttcttccggggctcccccgegeactaca

cacccctcacccateeggtetcggegeectettectcgggatecccactgtacgaaggggggccgcggccacagacategteg

acagccagtacgacgccgageccaaggecgectcatagecteatggacacctgtgtegecaccttecatgtga

SEQ ID NO:11
hCD40L from NCBI RefSeq NP_000065.1. (261 amino acids)

MIETY NQTSPRSAATGLPISMKIFMY LLTV FLITQMIGSALFAVY LHRRLDKIEDER

NLHEDFVFMKTIQRCNTGERSLSLLNCEEIKSQFEGFVKDIMLNKEETKKENSFEM

QKGDQNPQIAAHVISEASSKTTSV LQWAEKGYY TMSNNLVTLENGKQLTVKRQG
LYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQQSIHL
GGVFELQPGASVFVNVTDPSQVSHGTGFTSFGLLKL

SEQID NO:12

hCD40L from NCBI RefSeq NP_000065.1. (789 nucleotides)

nt-Sequence:
atgatcgagacatacaaccagacaagecctagaagegecgecacaggactgectatcageatgaagateticatgtacctgetgac
cgtgttcctgatcacccagatgatcggeagegecctgtttgecgtgtacctgeacagacggetggacaagatcgaggacgagaga
aacctgcacgaggacttcgtgticatgaagaccatccageggtgeaacaccggegagagaagictgagectgctgaactgegag
gaaatcaagagccagticgagggcticgtgaaggacatcatgctgaacaaagaggaaacgaagaaagagaactccticgagatg
cagaagggcgaccagaatcctcagatcgecgcetcacgtgatcagcgaggecageagcaagacaacaagegtgetgeagtggs
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ccgagaagggctactacaccatgagcaacaacctggtcaccctggagaacggcaageagetgacagtgaageggeagggect
gtactacatctacgcccaagtgacctictgcagcaacagagaggecagctctcaggetectticatcgecagectgtgectgaagte
tcctggeagattcgageggattctgctgagageegecaacacacacageagegecaaacctigtggecageagtetaticaccteg
gcggagtgttigagctgcagectggegcaagegtgticgtgaatgtgacagaccctagecaggtgteccacggcaccggctttac
atctttcggactgctgaagctgtgatga

SEQID NO:13
Synthetic Her2 v2 amino acid sequence (1,145 amino acids):

MELAAL CRWGLLLALLPPGAASTQVCT GTDMKLRL PASPETHL DMLRHLY QGCQVVQGNL E
LTYLPTNASLSFLQDI QEVQGYVLI AHNQVRQVPLQRLRI VRGTQL FEDNYALAVLDNGDP
LNNTTPVTGASPGGLRELQLRSLTEI LKGGVLI QRNPQLCYQDTI LWKDI FHKNNQLALTL
I DTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPL PTDCCHEQCAAGC
TGPKHS DCLACLHFNHSGI CELACPALVTYNTRTAKSMPNPEGRYTFGASCVTACPYNYLS
TDAGACTLVCPAANQEVTAEDGTQRCEACSKACARVCYGL GMEHLREVRAVTSAN QEFAG
CKKI FGSLAFLPESFDGDPASNTAPLQPEQLQVFETLEEI TGYLYI SAWPDSLPDLSVFQN
LQVI RGRI LHNGAYSLTLQGLGI SW.GLRSLRELGSGLALT HHNTHLCFVHTVPWDQLFRN
PHQALL HTANRPEDE CVGE GLACHQL CARGHCWGP GPTQCVNCSQF LRGQECVEECRVL QG
LPREYVNARHCL PCHPECQPQNGSVTCFGPAADQCVACAHY KDPPACVARCPS GVKPDLSY
MPI WAF PDE EGACQPCPI NCTHSCVDL DDKGCPAEQRASPLTSII SAVVGL LLVVVLGVVF
GI LT KRRQQKI RKYTMRRLLQETELVEPLTPS GAMPNQAQMRI LKETELRKVKVLGSGAFG
TVYKGL W PDGENVKI PVAI W LRENTSPKANKEI LDEAYVNMAGVGSPYVSRLLGI CLTST
VQLVTQLMPY GCL L DHVRENRGRL GSQDL L NWCMIIL AKGVBY L EDVRLVHRDLAARNVLVK
SPNHVKI TDFGLARLL DI DETEYHADGGKVPI KWVALESI LRRRFTHQSDVWSY GVTVVEL
MI'F GAKPYDGI PAREI PDLLEKGERLPQPPI CTI DVYM MKCWM DSECRPRFRELVSEF
SRVARDPQRFVVI QNEDLGPASPLDSTFYRSL LEDDDMGDLVDAEEALVPQQGF FCPDPAP
GAGGMW/HHRHRSSSTRS GGGDLTLGLEPSEEEAPRS PLAPS EGAGS DVF DGDL GMGAAKGL
QSLPTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPELGLDVPV

SEQID NO:14

Synthetic Her2 v2 nucleotide sequence (3441 nucl eotides):
atggaactggctgctctgtgtagatggggactgetgettgetetgttgectectggagetg
cttctacccaagtgtgcacaggcaccgacatgaagctgagactgectgettctcctgagac
acacctggacatgctgagacacctgtaccagggat gt caggtggt gcagggaaatct ggaa
ctgacctacctgcctaccaacgeccagectgagetttctgecaggacatccaagaggtgeagg
gatacgtgctgatcgctcacaatcaagtgagacaggt gccact gcagaggctgagaatcegt
tagaggcacccagctgttcgaggacaactatgetctggetgtget ggacaatggegaccct
ctgaacaacaccacacctgtgacaggagcttctcctggtggactgagagaactgcagetga
gaagcctgaccgagat cctgaaaggaggagtgectgat ccagcggaaccctcagetgtgeta
ccaggacaccatcctgtggaaggacatcttccacaagaacaaccagctggetctgacactg
atcgacaccaacagaagcagagcctgecatccttgetctcccatgt gcaagggetctagat
gttggggagagagcagcgaggatt gccagagcctgaccagaacagt gt gtgctggaggatg
tgccagatgcaaaggacctctgectaccgact gctgccacgagcaatgtgeagetggatgt
acaggaccaaagcactctgattgcctggectgectgcacttcaaccactctggaatctgeg
agctcgectgtcctgetctggtcacctacaacacacggaccgecaagageatgectaatcc
tgaaggcagatacacctttggagccagctgtgtgacagectgtccttacaactacctgage
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accgacgctggagectgcacactcgtttgtcctgectgccaatcaagaagtgacggecgagg
acggcacccagagatgcgaggectgtagcaaggecttgegctagagtgtgttacggactegg
catggaacacctgagagaagt gagagccgtgaccagt gccaacatccaagagtttgetggc
tgcaagaagatctttggcagectcgecttcctgecctgagagettcgat ggecgatcctgeca
gcaatactgctcctctgecagectgaacagctccaggtgttcgagacactggaagagatcac
aggctacctgtacatcagecgecatggeccagacagectgectgacctgtccgtgttccagaac
ctgcaagtgatcagaggcagaatcctgcacaacggagectattctctgaccctgcaaggcec
tgggaatcagctggectgggactgagatccct gagagagettggatctggectggetctgat
ccaccacaatacccacctgtgecttcgtgcacaccgtgecttgggaccagetgtttcggaat
cctcatcaggctctgctgcacacagccaacagacctgaggatgagt gt gttggcgaaggcec
tggcttgtcaccagetctgtgectagaggacactgttggggacctggacctacacagt gtgt
gaactgtagccagttcctgagaggccaagaatgegt ggaagagtgtagagttctgecaggga
ctgcctcgegagtacgtgaacgctagacactgtctgecttgtcatcccgagtgecagectc
agaatggcagcgtgacatgttttggaccagctgccgatcagtgegtggectgtgetcacta
taaggaccctccagecctgegtggeccagatgtcctageggagtgaagectgacctgagetac
atgcccatctgggcatttccagat gaggaaggagcttgccagecttgtcctatcaactgea
cccacagctgecgtggacctggacgataagggatgtccagccgagcagagagectctccact
gacctctatcatctctgecgtcgtgggecatcctgetggtggtggttctgggagttgtgttc
ggcatcctgatcaagagacggcagcagaagatccggaagtacaccatgeggagactgetge
aagagactgagctggtggaacctctgacacccagecggagctatgectaaccaggectcagat
gcggattctgaaagaaaccgagct gcggaaagt gaaggtgetcggetctggagectttgge
acagtgtacaaaggcatctggatccctgacggagagaacgtgaagattcctgtggecatca
tggtgctgagagagaacacaagtcccaaggccaacaaagagatcct ggacgaggectacgt
gatggctggtgttggcageccttatgtgtctagactgetgggecatctgtct gaccageacc
gtgcagctggtcactcagectgatgecttacggetgectgetggatcacgt gagagagaata
gaggcagactgggctctcaggacctgctgaactggtgcatgcagatcgeccaagggecatgag
ctacctcgaggatgtgagactggtccacagagatctggct gccagaaacgtgctcgt gaag
tctcctaaccacgtgaagatcaccgacttcggactggctaggetgetggatatcgacgaga
cagagtaccacgctgatggaggcaaggt gcccatcaagtggatggectctggaatccatcct
gagacggagattcacccaccagtccgatgtgtggtcttacggagtgacagt gtgggagetg
atgaccttcggagccaagccttacgacggecatccctgccagagagatcccagatctgetgg
aaaagggagagagactgcctcagectcctatctgecaccatcgacgtgtacatgattatggt
caagtgttggatgatcgacagcgagtgcagacccagattcagagaactggtgtccgagttc
tctcggatggccagagatcctcagagattcgtggtcatccagaacgaggatctgggacctg
ccagccctctggacagcaccttctacagatccctget ggaagatgacgacatgggtgacct
ggtggacgctgaagaagetctggttcctcagecagggettecttctgecctgatcctgetcca
ggagcaggtggaatggt gcatcacagacacagaagctccagcaccagaageggaggeggag
atctgacactgggactcgagccatctgaggaagaggctcctagatctcctctggetecttc
tgaaggagctggaagcgacgttttcgacggagatctt ggaatgggagctgccaaaggactc
cagtctctgcccacacacgacccatctccactgcagagatacagcgaggaccctaccgtgce
ctctgccaagcgagacagatggatatgtggecacctctgacctgetctcctcagecagaact
gggacttgatgtgcctgtttgatga

SEQID NO:15
Synthetic Twist amino acid sequence (205 amino acids):
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MQDV SSSPVSPADDSLSNSEEEPDRQQPASGKRGARKRRSSRRSAGGSAGPGGAT
GGGIGGGDEPGSPAQGKRGKKSAGGGGGGGAGGGGGGGGGSSSGGGSPQSY EEL
QTQRVMANVRERQRTQSLNEAFAALRKIIPTLPSDKLSKIQTLKLAARYIDFLY QVL
QSDELDSKMASCSYVAHERLSYAFSVWRMEGAWSMSASH

SEQID NO:16

Synthetic Twist nucleotide sequence (618 nucleotides):
Atgcaggacgtgtccageagecctgtgtetectgecgacgacagectgagcaacagegaggaagaacccgacagacageage
ccgectctggcaagagaggcgccagaaagagaagaageiccagaagaagegctggcggctctgetggacctggeggagetac
aggcggaggaattggaggcggagatgagectggctctccageccagggraagaggggcaagaaatctgctggcggagecgs
cggaggaggagctggaggcggaggaggaggcggcggaggatcaagtictggcggaggaagecctcagagcetacgaggaac
tgcagacccagegegtgatggccaacgtgegcgagagacagagaacccagagectgaacgaggecticgecgecctgagaaa
gatcatccccaccctgeccagegacaagctgagcaagatccagaccctgaageiggecgecagatatatcgacticctgtatcaag
tgctgeagagcgacgagctggacagcaagatggecagctgetectacgtggeccacgagagactgagetacgecttcagegtgt
ggcggatggaaggegectggtctatgagegecagecactga

SEQID NO:17

Synthetic murine CD40L amino acid sequence (260 amino acids):

M ETYSQPSPRSVATGLPASMKI FMYLLTVFLI TQM GSVLFAVYLHRRLDKVEEEVNLHE
DFVFI KKLKRCNKGEGSLSLLNCEEMRRQFEDLVKDI TLNKEEKKENS FEMQRGDEDPQI A
AHVVSEANSNAASVLQWAKKGY YT MKSNLVML ENGKQLTVKREGLYYVYTQVTFCSNREPS
SQRPFI VGLWLKPSSGSERI LLKAANTHSSSQLCEQQSVHL GGVFEL QAGASVFVNVTEAS
QVI HRVGFSSFGLLKL

SEQID NO:18

Synthetic murine CD40L nucleotide sequence (786 nucleotides):
atgatcgagacatacagccagcccagccccagaagegtggecacaggactgectgecagea
tgaagatctttatgtacctgctgaccgtgttcctgatcacccagatgatcggecagegtget
gttcgccgtgtacctgcacagacggct ggacaaggt ggaagaggaagt gaacctgecacgag
gacttcgtgttcatcaagaaactgaagcggtgcaacaagggcgagggcagectgagectge
tgaactgcgaggaaat gagaaggcagttcgaggacctcgtgaaggacatcaccctgaacaa
agaggaaaagaaagaaaactccttcgagatgcagaggggcgacgaggaccctcagatceget
gctcacgtggtgtccgaggccaacagcaacgecgettetgtgetgecagtgggccaagaaag
gctactacaccatgaagtccaacctcgtgatgctggaaaacggcaagcagctgacagtgaa
gcgcgagggectgtactatgtgtacacccaagtgacattctgcagcaacagagageccage
agccagaggcccttcatcgtgggactgtggct gaagcctagecageggeagegagagaatcc
tgctgaaggeccgecaacacccacagecagetctcagetgtgcgagecagecagagegtgeacct
gggcggagtgttcgagctgecaagetggegectccgtgttegt gaacgt gacagaggecage
caagtgatccacagagtgggcttcagcagctttggactgctgaaactgtaatga
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We claim:

1. Use of a pharmaceutical combination in the manufacture of a medicament for
reducing tumor size and/or increasing survival in a cancer patient, the combination
comprising:

(a) a recombinant modified vaccinia virus Ankara (MVA), wherein the
recombinant MVA is to be administered via intravenous administration to said
patient, and wherein the recombinant MV A comprises:

(1) a first nucleic acid encoding a first heterologous tumor-associated
antigen (TAA) that is a HER2 antigen; and
(i1) a second nucleic acid encoding CD40L; and

(b) an antibody that is an anti-HER?2 antibody, wherein the antibody
comprises an Fc domain and is specific to an antigen that is expressed on the cell
membrane of a tumor cell;
wherein administration of (a) and (b) to the cancer patient reduces tumor size and/or

increases the survival rate of the cancer patient as compared to a non-intravenous
administration of (a) or an administration of (b) alone, and

wherein the cancer patient is suffering from and/or is diagnosed with a cancer that

expresses HER2.

2. Use of claim 1, wherein the recombinant MV A further comprises a third nucleic

acid encoding a second heterologous TAA.

3. Use of claim 2, wherein the second TAA is selected from the group consisting
of: 5-a-reductase, a-fetoprotein (“AFP”’), AM-1, APC, April, B melanoma antigen gene
(“BAGE”), B-catenin, Bcl12, ber-abl, Brachyury, CA-125, caspase-8 (“CASP-8”, also
known as “FLICE”), Cathepsins, CD19, CD20, CD21/complement receptor 2 (“CR2”),
CD22/BL-CAM, CD23/FceRIl, CD33, CD35/complement receptor 1 (“CR1”"), CD44/PGP-
1, CD45/leucocyte common antigen (“LCA”), CD46/membrane cofactor protein (“MCP”),
CD52/CAMPATH-1, CD55/decay accelerating factor (“DAF”), CD59/protectin, CDC27,
CDKA4, carcinoembryonic antigen (“CEA”), c-myc, cyclooxygenase-2 (“cox-2"), deleted in
colorectal cancer gene (“DCC”), DcR3, E6/E7, CGFR, EMBP, Dna78, farnesyl transferase,
fibroblast growth factor-8a (“FGF8a”), fibroblast growth factor-8b (“FGF8b”), FLK-
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1/KDR, folic acid receptor, G250, G melanoma antigen gene family (“GAGE-family”),
gastrin 17, gastrin-releasing hormone, ganglioside 2 (“GD2”)/ganglioside 3
(“GD3”)/ganglioside-monosialic acid-2 (“GM?2”), gonadotropin releasing hormone
(“GnRH”), UDP-GIcNAc:R1Man(al1-6)R2 [GIcNAc to Man(al-6)] f1,6-N--
acetylglucosaminyltransferase V (“GnT V), GP1, gp100/Pmel17, gp-100-in4, gp15,
gp75/tyrosine-related protein-1 (“gp75/TRP-1""), human chorionic gonadotropin (“hCG”),
heparanase, human mammary tumor virus (“HMTV”), 70 kiloDalton heat-shock protein
(“HSP70”), human telomerase reverse transcriptase (“hTERT”), insulin-like growth factor
receptor-1 (“IGFR-17), interleukin-13 receptor (“IL-13R”), inducible nitric oxide synthase
(“iNOS”), Ki67, KIAA0205, K-ras, H-ras, N-ras, KSA, LKLR-FUT, melanoma antigen-
encoding gene 1 (“MAGE-17), melanoma antigen-encoding gene 2 (“MAGE-2"),
melanoma antigen-encoding gene 3 (“MAGE-3”), melanoma antigen-encoding gene 4
(“MAGE-4"), mammaglobin, MAP17, Melan-A/melanoma antigen recognized by T-cells-
1 (“MART-17), mesothelin, MIC A/B, MT-MMPs, mucin, testes-specific antigen NY-
ESO-1, osteonectin, p15, P170/MDRI1, p53, p97/melanotransferrin, PAI-1, platelet-derived
growth factor (“PDGF”), uPA, PRAME, probasin, progenipoietin, prostate-specific antigen
(“PSA”), prostate-specific membrane antigen (“PSMA”), RAGE-1, Rb, RCAS1, SART-1,
SSX-family, STAT3, STn, TAG-72, transforming growth factor-alpha (“TGF-a"),
transforming growth factor-beta (“TGF-f”), Thymosin-beta-15, tumor necrosis factor-
alpha (“TNF-a”), TP1, TRP-2, tyrosinase, vascular endothelial growth factor (“VEGF”),
ZAG, p16INK4, and glutathione-S-transferase (“GST”).

4. Use of claim 1, wherein the HER2 antigen comprises at least one mutation to:
(a) prevent a HER2 antibody binding to the HER?2 antigen; (b) prevent extracellular
dimerization of the HER?2 antigen; (c) prevent tyrosine kinase activity of the HER2
antigen; and/or (d) prevent phosphorylation of the HER2 antigen.

5. Use of claim 4, wherein the HER2 antigen comprises at least one mutation

selected from the group consisting of: E580, D582, P594, F595, K615, and Q624.

6. Use of claim 4, wherein the HER?2 antigen comprises at least one mutation
selected from the group consisting of: H267, Y274, F279, V308, S310, L317, H318, K333,
and P337.
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7. Use of claim 4, wherein the HER2 antigen comprises at least one mutation
selected from the group consisting of:

(a) a mutation that prevents extracellular dimerization of HER2 that is
D277R or E280K;

(b) a mutation that prevents tyrosine kinase activity of HER2 that is K753M;
and

(c) a mutation that interferes with phosphorylation of HER?2 that is Y1023 A
or is the deletion of residues 1139-1248.

8. Use of claim 1, wherein the first nucleic acid encodes a HER2 antigen having

the amino acid sequence set forth in SEQ ID NO:1 or SEQ ID NO: 13.

9. Use of any of claims 1-2, wherein the first nucleic acid encodes a HER2 antigen

that comprises the sequence set forth in SEQ ID NO: 2 or SEQ ID NO:14.
10. Use of any of claims 2-9, wherein the second TAA is Brachyury.

11. Use of claim 10, wherein the Brachyury antigen comprises a deletion of amino

acids 286-293.

12. Use of claim 10, wherein the recombinant MV A further comprises a third
nucleic acid encoding a second heterologous TAA that is a Brachyury antigen comprising

the amino acid sequence set forth in SEQ ID NO:3.

13. Use of claim 1, wherein the antibody is selected from Pertuzumab,

Trastuzumab, Herzuma, ABP 980, and Ado-trastuzumab emtansine.

14. Use of any one of claims 1-13, wherein the MV A is MVA-BN as deposited
with the ECACC under number V0O0083008.

15. Use of any one of claims 1-14, wherein (a) is to be administered at the same

time as or after (b).

16. Use of any one of claims 1-15, wherein (a) and (b) are to be administered to the
cancer patient in a priming administration followed by one or more boosting

administrations of (a) and (b) to be administered to the cancer patient.
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17. Use of any one of claims 1-16, wherein the cancer patient is suffering from
and/or is diagnosed with a cancer selected from the group consisting of: breast cancer,
lung cancer, head and neck cancer, thyroid, melanoma, gastric cancer, bladder cancer,
kidney cancer, liver cancer, melanoma, pancreatic cancer, prostate cancer, ovarian cancer,

or colorectal cancer.

18. Use of claim 17, wherein the cancer patient is suffering from and/or is

diagnosed with breast cancer that is HER2 positive.
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