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(57) ABSTRACT

Provided herein is a method for determining cancer treat-
ment using an immune-modulating therapy in a subject in
need thereof. The method comprises assessing whether a
lymphatic system in a subject is dysregulated. When the
lymphatic system is dysregulated, a treatment for the lym-
phatic system is determined before a therapeutic amount of
an immune-modulating therapy is administered to treat
cancer in the subject. Alternatively, when the lymphatic
system is dysregulated, an immune-modulating therapy is
selected to treat cancer in the subject. The immune-modu-
lating therapy is independent of immune-cell priming, anti-
gen trafficking, antigen presentation, and any combination
thereof. The subject may also be treated for cancer accord-

ingly.
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METHODS OF ASSESSING AND TREATING
CANCER IN SUBJECTS HAVING
DYSREGULATED LYMPHATIC SYSTEMS

[0001] This application is a continuation application of
U.S. Ser. No. 16/155,726, filed Oct. 9, 2018, now allowed,
which is a continuation application of PCT/US2017/053504,
filed Sep. 26, 2017, published as WO 2018/058125 on Mar.
29, 2018, which claims the benefit of priority of U.S.
Provisional Application No. 62/412,488 filed Oct. 25, 2016,
and U.S. Provisional Application No. 62/399,766 filed Sep.
26, 2016, the disclosures of which are incorporated herein
by reference in their entireties for all purposes.

[0002] This disclosure relates to the field of diagnosing
and treating cancer, particularly cancer in subjects having
dysregulated lymphatic systems to whom an immune-modu-
lating therapy is applied.

[0003] Patients who suffer from a dysregulated lymphatic
system do not respond to immune-modulating therapies,
which depend on immune cell priming, antigen presentation,
or antigen trafficking. Patients with tumors treated with
cancer immune-modulating therapy do not respond. By not
responding, patients specifically rapidly progress from their
tumor with minimal to no response period. Similarly, such
patients have extremely poor overall survival compared to
their counterparts who do not have dysregulation or dys-
function of their lymphatic system. Also, patients with
lymphangitic carcinomatosis or lymphatic invasion do not
respond to such cancer immune-modulating therapies, for
lack of immune cell activation and immune cell priming. A
mouse melanoma model has shown that transgenic animals
born without lymphatics do not have local tumor immune
infiltrates, specific CDS8 T cells, and antigen-presenting and
dendritic cells in the tumor sites.

[0004] Taken together, prior studies examining the effects
of blocking VEGF-C and its receptors on tumor metastasis
have examined the effects of different antagonists on pre-
venting metastatic spread of the primary tumor. But these
prior studies have not discussed the effects of such antago-
nists on the progression of established distant metastases
after removal of the primary tumor. What is critically needed
in the art are compositions and methods for achieving the
treatment of established metastatic disease in cases when
primary tumors have been removed or are non-resectable.
[0005] The foregoing examples of the related art and
limitations related therewith are intended to be illustrative
and not exclusive. Other limitations of the related art will
become apparent to those of skill in the art upon a reading
of the specification and a study of the drawings.

[0006] The following embodiments and aspects thereof
are described and illustrated in conjunction with composi-
tions and methods, which are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments,
one or more of the above-described problems have been
reduced or eliminated, while other embodiments are directed
to other improvements.

[0007] Provided herein is a method for treating cancer in
a subject in need thereof. The method comprises, when a
lymphatic system in a subject is dysregulated, administering
to the subject a therapeutic amount of a drug to regulate the
dysregulated lymphatic system, and administering to the
subject a therapeutic amount of an immune modifying
therapy. Alternatively, when the lymphatic system is dys-
regulated, a therapeutic amount of an immune-modulating
therapy is administered to the subject, which immune-
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modulating therapy operates independently of immune-cell
priming, antigen trafficking, antigen presentation, and any
combination thereof.

[0008] Also provided herein is a method for determining
cancer treatment using an immune-modulating therapy in a
subject in need thereof. The method comprises assessing
whether a lymphatic system in a subject is dysregulated.
When the lymphatic system is dysregulated, a treatment for
the lymphatic system is determined before a therapeutic
amount of an immune-modulating therapy is administered to
treat cancer in the subject. Alternatively, when the lymphatic
system is dysregulated, an immune-modulating therapy is
selected to treat cancer in the subject, which immune-
modulating therapy is independent of immune-cell priming,
antigen trafficking, antigen presentation, and any combina-
tion thereof.

[0009] Additional embodiments and features are in part in
the description that follows, and in part will become appar-
ent to those skilled in the art upon examination of the
specification or may be learned by the practice of the
embodiments discussed herein. A further understanding of
the nature and advantages of certain embodiments may be
realized by reference to the remaining portions of the
specification and the drawings, which form a part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure will be readily understood by the
following detailed description in conjunction with the
accompanying drawings, wherein like reference numerals
designate like structural elements. The drawings provide
exemplary embodiments or aspects of the disclosure and do
not limit the scope of the disclosure.

[0011] FIG. 1 is a schematic of general lymphatic biology
showing molecules that modulate tumor lymphangiogen-
esis. See Stacker et al., “Lymphangiogenesis and lymphatic
vessel remodeling in cancer,” Nature Reviews Cancer,
14:159-172 (2014), incorporated herein by reference.
[0012] FIG. 2 is a schematic showing The VEGF family of
ligands and their respective binding patterns to the VEGFR.
See Karkkainen et al., “Lymphatic endothelium: a new
frontier of metastasis research,” Nature Cell Biology, 4:E2-
ES (2002).

[0013] FIG. 3 shows progression-free survival (%) as a
function of time in days for cancer treatment using immune
modifying therapy. Biomarker positive patients had a
median survival of 50 days. Biomarker negative patients had
a median survival of 151 days. HR for progression or death
was 0.48 (95% CI, 025.-0.91), at P<0.025.

[0014] FIG. 4 shows the objective response of partial
responses or complete responses (PR/CR). The first partial
responses were denoted by ellipses. The solid triangles show
ongoing responses. Biomarker negative patients had an
N=18/95 (19%). Biomarker Positive patients had an N=0/95
(0%).

[0015] FIG. 5 shows the durable clinical response for the
stable disease (SD) or partial response (PR) lasting at least
180 days. Lines 1-26 were biomarker negative patients. Line
27 was a biomarker positive patient.

[0016] FIG. 6 shows overall survival (% alive) as a
function of time in days. Biomarker positive patients sur-
vived a median of 47 to 67 days. Biomarker negative
patients survived a median of 445 days.
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[0017] FIG. 7 shows progression-free survival (%) as a
function of time in days. Biomarker positive patients had a
median survival of 47 to 68 days. Biomarker negative
patients had a median survival of 189 days.

DETAILED DESCRIPTION

1. Methods for Determining Cancer Treatment

[0018] Provided herein is a method for determining cancer
treatment using an immune-modulating therapy in a subject
in need thereof. The method comprises assessing whether a
lymphatic system in a subject is dysregulated. When the
lymphatic system is dysregulated, a treatment for the lym-
phatic system is determined before a therapeutic amount of
an immune-modulating therapy is administered to treat
cancer in the subject. Alternatively, when the lymphatic
system is dysregulated, an immune-modulating therapy is
selected to treat cancer in the subject, which immune-
modulating therapy is independent of immune-cell priming,
antigen trafficking, antigen presentation, and any combina-
tion thereof.

[0019] Molecules that modulate tumor lymphangiogenesis
are shown in FIG. 1, with soluble ligands presented outside
the cell, cognate receptors at the cell surface, and transcrip-
tion factors in the nucleus. Vascular endothelial growth
factor C (VEGFC) and VEGFD refer to the proteolytically
processed, biologically active forms of these proteins. Most
ligands shown promote lymphangiogenesis, while trans-
forming growth factor-p (TGFp) inhibits lymphangiogen-
esis. Other molecules are known to participate in lymphatic
development in the embryo, such as collagen and calcium-
binding EGF domain-containing protein 1 (CCBE1; not
shown), for which a role in tumor lymphangiogenesis has
not been shown. The interaction of tumor cells with lym-
phatic vessels can be promoted by interstitial fluid flow
(which partly results from lymphatic drainage) via autolo-
gous chemotaxis involving chemokines, such as CC-chemo-
kine ligand 21 (CCL21), and their receptors (CCR7 in the
case of CCL21), expressed by tumor cells. Expression of
CCL21 on lymphatic endothelial cells (LECs) can promote
the entry of tumor cells into lymphatics via a CCR7-
dependent mechanism. Producing lymphangiogenic growth
factors, such as VEGFC and VEGFD, can drive the forma-
tion of new lymphatics and lymphatic enlargement near a
tumor, which increases the surface area for the interaction of
tumor cells with lymphatics. VEGFC can also promote
tumor cell invasiveness in an autocrine manner, and it can
upregulate the production of CCL21 on lymphatic vessels.
The other abbreviations listed are 15-PGDH, 15-hydroxy-
prostaglandin dehydrogenase; ANGPT2, angiopoietin 2;
COUPTF2, COUP transcription factor 2; COX2, cyclooxy-
genase 2; CSF1, colony-stimulating factor 1; EGF, epider-
mal growth factor; EGFR, EGF receptor; EPO, erythropoi-
etin; EPOR, EPO receptor; FGF, fibroblast growth factor;
FGFR, FGF receptor; FOXC2, forkhead box protein C2;
PDGF-BB, platelet-derived growth factor BB; PDGFR,
PDGF receptor; PROX1, prospero homeobox protein 1;
RAMP2, receptor activity-modifying protein 2; SP, sphin-
gosine-1-phosphate; TGFBR, TGF@ receptor; VEGFR,
VEGF receptor.

[0020] The VEGF family of ligands and their respective
binding patterns to the VEGFRs are shown in FIG. 2.
VEGFR-1 and neuropilin-1 (NRP-1) are expressed in blood
vascular ECs, VEGFR-3 and NRP-2 in lymphatic ECs, and
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VEGFR-2 occurs in both cell lineages. VEGFR-2 is the
main signal-transducing receptor, as it activates several
downstream signaling molecules (circles) and induces
responses such as cell proliferation, migration, and survival.
The protein kinase C (PKC)-mediated MEK/ERK pathway
produces proliferation signals, in contrast to activating the
PI3-kinase/Akt pathway, which regulates cell survival.
Focal adhesion kinase (FAK) and PI3-kinase migrate cells
by stimulating the reorganization of actin and recruitment of
actin-anchoring proteins to the focal adhesions. VEGF-C
and VEGF-D are ligands for VEGFR-3, and they can induce
LEC survival, migration, and growth via activation of the
MEK/ERK and PI3-kinase/Akt pathways. However, after
proteolytic cleavage, VEGF-C and VEGF-D can also bind
and activate VEGFR-2 and stimulate both BECs and LECs.
The distinct but overlapping receptor specificities and recep-
tor expression patterns determine how VEGFs can differen-
tially target both the blood vascular and/or lymphatic
endothelium.

[0021] The lymphatic system may be assessed through
imaging. The imaging may comprise one or more selected
from the group consisting of computer-assisted tomography
(CAT), magnetic resonance imaging (MRI), positron emis-
sion tomography (PET), lymphoscintigraphy, and radiogra-
phy of radiolabeled agents. The imaging may be computer-
assisted tomography (CAT). The imaging may be magnetic
resonance imaging (MRI). The imaging may be positron
emission tomography (PET). The imaging may be lymphos-
cintigraphy. The imaging may be radiography of radiola-
beled agents.

[0022] The lymphatic system may be assessed by measur-
ing levels in a tissue sample of one or more first factors
selected from the group consisting of D2-40, podoplanin,
CD34, and LYVE-1.

[0023] The first factor may be D2-40, a monoclonal anti-
body to an MW 40,000 O-linked sialoglycoprotein that
reacts with a fixation-resistant epitope on lymphatic
endothelium.

[0024] The first factor may be podoplanin.

[0025] The first factor may be CD34. Hematopoietic pro-
genitor cell antigen CD34, also known as CD34 antigen, is
aprotein that in humans is encoded by the CD34 gene. CD34
is a cluster of differentiation in a cell surface glycoprotein
and functions as a cell-cell adhesion factor. CD34 may also
mediate the attachment of stem cells to bone marrow extra-
cellular matrix or directly to stromal cells.

[0026] The first factor may be LYVE-1. Lymphatic vessel
endothelial hyaluronan receptor 1 (LYVE1), also known as
extracellular link domain containing 1 (XLKD1), is a Link
domain-containing hyaladherin, a protein capable of binding
to hyaluronic acid (HA), homologous to CD44, the main HA
receptor. In humans, it is encoded by the LYVE1 gene.
[0027] The tissue sample may be concurrently stained for
one or more second factors selected from the group con-
sisting of angiopoietin-1, angiopoietin-2, BMP-9, EGEF,
endoglin, endothelin-1, FGF-1, FGF-2, follistatin, G-CSF,
HB-EGF, HGF, IGF, IL-8, leptin, MMP-2, MMP-9, NRP 1,
NRP 2, PDGF, PIGF, PLGF, TIE1/2, VEGF-A, VEGF-C,
and VEGF-D to determine levels of these factors within
lymphatics.

[0028] The second factor may be angiopoietin-1. The
second factor may be angiopoietin-2.

[0029] The second factor may be BMP-9, also known as
GDF2, which contains an N-terminal TGF-beta-like pro-



US 2021/0070859 Al

peptide (prodomain) (residues 56-257) and a C-terminal
transforming growth factor beta superfamily domain (325-
428). GDF2 (BMP9) is secreted as a pro-complex consisting
of the BMP9 growth factor dimer non-covalently bound to
two BMP9 prodomain molecules in an open-armed confor-
mation.

[0030] The second factor may be epidermal growth factor
(EGF), which stimulates cell growth and differentiation by
binding to its receptor, EGFR. Human EGF is a 6-kDa
protein with 53 amino acid residues and three intramolecular
disulfide bonds.

[0031] The second factor may be endoglin (ENG), which
is a type I membrane glycoprotein on cell surfaces and is
part of the TGF beta receptor complex. Endoglin is also
commonly referred to as CD105, END, FLJ41744, HHT1,
ORW, and ORW1. Endoglin has a crucial role in angiogen-
esis, therefore, making it an important protein for tumor
growth, survival, and metastasis of cancer cells to other
locations in the body.

[0032] The second factor may be endothelin-1 (ET-1), also
known as preproendothelin-1 (PPET1), which is a potent
vasoconstrictor that in humans is encoded by the EDN1 gene
and produced by vascular endothelial cells. The protein
encoded by this gene is proteolytically processed to release
a secreted peptide termed endothelin 1. Endothelin 1 is one
of three isoforms of human endothelin.

[0033] The second factor may be heparin-binding growth
factor 1 (FGF-1) is a protein that in humans is encoded by
the FGF1 gene.

[0034] The second factor may be heparin-binding growth
factor 2 (FGF-2) is a protein that in humans is encoded by
the FGF2 gene. FGF-1.

[0035] The second factor may be follistatin, also known as
“activin-binding protein.” Follistatin is a protein that in
humans is encoded by the FST gene. Follistatin is an
autocrine glycoprotein expressed in all tissues of higher
animals.

[0036] The second factor may be a granulocyte-colony
stimulating factor (G-CSF or GCSF), also known as colony-
stimulating factor 3 (CSF 3). G-CSF is a glycoprotein that
stimulates the bone marrow to produce granulocytes and
stem cells and release them into the bloodstream. Function-
ally, it is a cytokine and hormone, a type of colony-
stimulating factor produced by many different tissues. The
pharmaceutical analogs of naturally occurring G-CSF are
called filgrastim and lenograstim. G-CSF also stimulates the
survival, proliferation, differentiation, and function of neu-
trophil precursors and mature neutrophils.

[0037] The second factor may be a heparin-binding EGF-
like growth factor (HB-EGF), which is a member of the EGF
family of proteins that in humans is encoded by the HBEGF
gene. The HB-EGF-like growth factor is synthesized as a
membrane-anchored mitogenic and chemotactic glycopro-
tein. An epidermal growth factor produced by monocytes
and macrophages, due to an affinity for heparin is termed
HB-EGF. It plays a role in wound healing, cardiac hyper-
trophy, and heart development and function. HB-EGF is an
87-amino acid glycoprotein that displays highly regulated
gene expression. Ectodomain shedding results in the soluble
mature form of HB-EGF, which influences the mitogenicity
and chemotactic factors for smooth muscle cells and fibro-
blasts. The transmembrane form of HB-EGF is the unique
receptor for diphtheria toxin and functions in juxtracrine
signaling in cells. Both forms of HB-EGF participate in
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normal physiological processes and in pathological pro-
cesses, including tumor progression and metastasis, organ
hyperplasia, and atherosclerotic disease. HB-EGF can bind
two locations on cell surfaces: heparan sulfate proteoglycans
and EGF-receptor effecting cell to cell interactions.

[0038] The second factor may be a hepatocyte growth
factor (HGF) or scatter factor (SF). HGF is a paracrine
cellular growth, motility, and morphogenic factor. HGF is
secreted by mesenchymal cells and targets and acts primar-
ily upon epithelial cells and endothelial cells, but also acts
on hemopoietic progenitor cells and T cells. It has a major
role in embryonic organ development, specifically in myo-
genesis, adult organ regeneration, and wound healing.
[0039] The second factor may be insulin-like growth fac-
tor 1 (IGF-1), also called somatomedin C. IFG-1 is a protein
that in humans is encoded by the IGF1 gene. IGF-1 has also
been referred to as a “sulfation factor,” and its effects were
termed “nonsuppressible insulin-like activity” (NSILA).
[0040] The second factor may be interleukin 8 (IL-8 or
chemokine (C-X-C motif) ligand 8, CXCLS) is a chemokine
produced by macrophages and other cell types such as
epithelial cells, airway smooth muscle cells, and endothelial
cells. Endothelial cells store IL-8 in their storage vesicles,
the Weibel-Palade bodies. In humans, the interleukin-8
protein is encoded by the CXCLS8 gene. IL-8 is initially
produced as a precursor peptide of 99 amino acids, which
then undergoes cleavage to create several active IL-8 iso-
forms. In culture, a 72-amino acid peptide is a major form
secreted by macrophages.

[0041] The second factor may be leptin. Leptin, the “sati-
ety hormone,” is a hormone made by adipose cells that helps
to regulate energy balance by inhibiting hunger. Leptin is
opposed by the actions of the hormone ghrelin, the “hunger
hormone.” Both hormones act on receptors in the arcuate
nucleus of the hypothalamus to regulate appetite to achieve
energy homeostasis. In obesity, a decreased sensitivity to
leptin occurs, resulting in an inability to detect satiety
despite high energy stores.

[0042] The second factor may be matrix metalloproteinase
2 (MMP-2). Also known as 72 kDa type IV collagenase and
gelatinase A, MMP-2 is an enzyme that in humans is
encoded by the MMP2 gene. The MMP2 gene is on chro-
mosome 16 at position 12.2.

[0043] The second factor may be matrix metalloproteinase
9 (MMP-9). Also known as 92 kDa type IV collagenase, 92
kDa gelatinase, or gelatinase B (GELB), MMP-9 is a
matrixin, a class of enzymes that belong to the zinc-metal-
loproteinases family involved in the degradation of the
extracellular matrix. In humans, the MMP9 gene encodes for
a signal peptide, a propeptide, a catalytic domain with
inserted three repeats of fibronectin type II domain followed
by a C-terminal hemopexin-like domain.

[0044] The second factor may be neuropilin-1 (NRP-1) is
a protein that in humans is encoded by the NRP1 gene. In
humans, the neuropilin 1 gene is at 10p11.22.

[0045] The second factor may be neuropilin-2 (NRP-2).
NRP-2 is a protein that in humans is encoded by the NRP2
gene. This gene encodes a member of the neuropilin family
of receptor proteins. The encoded transmembrane protein
binds to SEMA3C protein {sema domain, immunoglobulin
domain (Ig), short basic domain, secreted, (semaphorin) 3C}
and SEMA3F protein {sema domain, immunoglobulin
domain (Ig), short basic domain, secreted, (semaphorin)
3F}, and interacts with vascular endothelial growth factor
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(VEGF). This protein may play a role in cardiovascular
development, axon guidance, and tumorigenesis. Multiple
transcript variants encoding distinct isoforms have been
identified for this gene.

[0046] The second factor may be a platelet-derived growth
factor (PDGF) is one of many growth factors that regulate
cell growth and division. PDGF plays a significant role in
blood vessel formation (angiogenesis), the growth of blood
vessels from already-existing blood vessel tissue, mitogen-
esis, i.e., proliferation, of mesenchymal cells such as fibro-
blasts, osteoblasts, tenocytes, vascular smooth muscle cells,
and mesenchymal stem cells as well as chemotaxis, the
directed migration, of mesenchymal cells. Platelet-derived
growth factor is a dimeric glycoprotein that can be com-
posed of two A subunits (PDGF-AA), two B subunits
(PDGF-BB), or one of each (PDGF-AB).

[0047] The second factor may be phosphatidylinositol-
glycan biosynthesis class F protein (PIGF).

[0048] The second factor may be a placental growth factor
(PGF), a protein that in humans is encoded by the PGF gene.
PGF is a member of the VEGF (vascular endothelial growth
factor) sub-family. The main source of PGF during preg-
nancy is the placental trophoblast. PGF is also expressed in
many other tissues, including the villous trophoblast.
[0049] The second factor may be tyrosine kinase with
immunoglobulin-like and EGF-like domains 1 and 2 (TIE1/
2), which is an angiopoietin receptor which in humans is
encoded by the TIE1 gene.

[0050] The second factor may be vascular endothelial
growth factor A (VEGF-A). The second factor may be
vascular endothelial growth factor C (VEGF-C). The second
factor may be vascular endothelial growth factor D (VEGF-
D).

[0051] The lymphatic system may be assessed from
elevated levels measured using a flow-cytometry-based mul-
tiplex assay or an enzyme-linked immunosorbent assay. The
lymphatic system may be assessed from elevated levels
measured using a flow-cytometry-based multiplex assay.
The lymphatic system may be assessed from elevated levels
measured using an enzyme-linked immunosorbent assay.
[0052] The lymphatic system may be assessed from
expression levels measured by one or more techniques
selected from the group consisting of immunohistochemis-
try, gene expression profiling, and polymerase chain reaction
(PCR)-based cDNA amplification of a lymphangiogenesis-
regulating gene. The lymphatic system may be assessed
from expression levels measured by immunohistochemistry.
The lymphatic system may be assessed from expression
levels measured by gene expression profiling. The lymphatic
system may be assessed from expression levels measured by
polymerase chain reaction (PCR)-based cDNA amplification
of a lymphangiogenesis-regulating gene.

[0053] The lymphangiogenesis-regulating gene may be
one or more selected from the group selected from angiopoi-
etin-1, angiopoietin-2, BMP-9, EGF, endoglin, endothelin-1,
FGF-1, FGF-2, follistatin, G-CSF, HB-EGF, HGF, IGF,
1L-8, leptin, MMP-2, MMP-9, NRP 1, NRP 2, PDGF, PIGF,
PLGF, TIE1/2, VEGF-A, VEGF-C, and VEGF-D. The
lymphangiogenesis-regulating gene may be angiopoietin-1.
The lymphangiogenesis-regulating gene may be angiopoi-
etin-2. The lymphangiogenesis-regulating gene may be
BMP-9. The lymphangiogenesis-regulating gene may be
EGF. The lymphangiogenesis-regulating gene may be endo-
glin. The lymphangiogenesis-regulating gene may be
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endothelin-1. The lymphangiogenesis-regulating gene may
be FGF-1. The lymphangiogenesis-regulating gene may be
FGF-2. The lymphangiogenesis-regulating gene may be
follistatin. The lymphangiogenesis-regulating gene may be
G-CSF. The lymphangiogenesis-regulating gene may be
HB-EGF. The lymphangiogenesis-regulating gene may be
HGF. The lymphangiogenesis-regulating gene may be IGF.
The lymphangiogenesis-regulating gene may be IL-8. The
lymphangiogenesis-regulating gene may be leptin. The
lymphangiogenesis-regulating gene may be MMP-2. The
lymphangiogenesis-regulating gene may be MMP-9. The
lymphangiogenesis-regulating gene may be NRP 1. The
lymphangiogenesis-regulating gene may be NRP 2. The
lymphangiogenesis-regulating gene may be PDGF. The
lymphangiogenesis-regulating gene may be PIGF. The
lymphangiogenesis-regulating gene may be PLGF. The
lymphangiogenesis-regulating gene may be TIE1/2. The
lymphangiogenesis-regulating gene may be VEGF-A. The
lymphangiogenesis-regulating gene may be VEGF-C. The
lymphangiogenesis-regulating gene may be VEGF-D.
[0054] The lymphatic system may be assessed by profiling
immune cells directly in a specimen by flow cytometry, mass
spectrometry, cell labeling, or any combination thereof. The
lymphatic system may be assessed by profiling immune cells
directly in a specimen by flow cytometry. The lymphatic
system may be assessed by profiling immune cells directly
in a specimen by mass spectrometry. The lymphatic system
may be assessed by profiling immune cells directly in a
specimen cell labeling.

[0055] The lymphatic system may be assessed by measur-
ing one or more markers selected from the group selected
from angiopoietin-1, angiopoietin-2, heparin-binding factor
midkine, BMP-9, EGF, endoglin, endothelin-1, FGF-1,
FGF-2, follistatin, G-CSF, HB-EGF, HGF, IGF, IL-8, leptin,
MMP-2, MMP-9, NRP 1, NRP 2, PDGF, PIGF, PLGF,
TIE1/2, VEGF-A, VEGF-C, and VEGF-D. The marker may
be angiopoietin-1. The marker may be angiopoietin-2. The
marker may be heparin-binding factor midkine. The marker
may be BMP-9. The marker may be EGF. The marker may
be endoglin. The marker may be endothelin-1. The marker
may be FGF-1. The marker may be FGF-2. The marker may
be follistatin. The marker may be G-CSF. The marker may
be HB-EGF. The marker may be HGF. The marker may be
IGF. The marker may be IL-8. The marker may be leptin.
The marker may be MMP-2. The marker may be MMP-9.
The marker may be NRP 1. The marker may be NRP 2. The
marker may be PDGF. The marker may be PIGF. The marker
may be PLGF. The marker may be TIE/2. The marker may
be VEGF-A. The marker may be VEGF-C. The marker may
be VEGF-D.

[0056] The art teaches that a patient’s response to immune
therapy depends on the PD-1 or PD-Li expression or tumor
neoantigen status. For example, hypermutant, microsatellite
instability-high, DNA mismatch repair deficient (dMMR),
or high neoantigen burden phenotype tumors respond
strongly to checkpoint immune therapies. The cancers which
are low in or do not express PD-1 or PDL-1 or are not
hypermutant, not dMMR, microsatellite instability-low or
normal, or have low neoantigen burdens, do not respond to
checkpoint immune therapy. Breast cancer, particularly
triple-negative (iER2-, ER-, PR-), ER+/HER2 negative,
and inflammatory breast cancers, microsatellite instability
low or normal, nonhypermutant/DNA mismatch repair low
or normal colorectal cancers, and glioblastomas multiforme
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(GBMs), pancreatic cancer, sarcomas, and prostate cancers
do not respond well to immune-modulating therapies. On
the contrary, the present disclosure shows that the tumor
types described above respond to immune checkpoint inhi-
bition when treated in relation to lymphatic dysfunction,
independent of PD-1/PD-L1, microsatellite instability
degree, dMMR status, or neoantigen/hypermutant tumor
status or type (see Example 4).

II. Methods for Treating Cancer

[0057] Also provided herein is a method for treating
cancer in a subject in need thereof. The method comprises,
when a lymphatic system in a subject is dysregulated,
administering to the subject a therapeutic amount of a drug
to regulate the dysregulated lymphatic system, and admin-
istering to the subject a therapeutic amount of an immune
modifying therapy. Alternatively, when the lymphatic sys-
tem is dysregulated, a therapeutic amount of an immune-
modulating therapy is administered to the subject, which
immune-modulating therapy operates independently of
immune-cell priming, antigen trafficking, antigen presenta-
tion, and any combination thereof.

[0058] The art suggests that tumors with high levels of
lymphangiogenesis should have a better prognosis and better
response to immune therapies because they have higher
tumor immune cell infiltrates. To the contrary, following the
present disclosure, such tumors should be treated with both
immune modulation therapies, including immune check-
point inhibitors, and a modulator of lymphatic biology, such
as a VEGR-3 inhibitor, VEGF-C, VEGF-D, NRP 1, NRP 2,
or CCPE1.

[0059] As such, therapies that modulate (stimulate or
inhibit) immune biology at or downstream of this step are
not effective monotherapies. They must be replaced with
alternate therapies not dependent on these steps or mecha-
nisms and treated with alternate therapies, or these immune-
modulating therapies will either need to be independent of
immune cell priming, antigen priming, or presentation or the
immune-modulating therapies that are dependent on these
steps will need to be augmented or changed by agents that
help to limit or overcome these issues. Further, cancer
patients treated with immune-modulating therapies depen-
dent on immune cell priming, antigen trafficking, or antigen
presentation (e.g., immune checkpoint therapies) or patients
that have dysregulated, dysfunctional or perturbed lym-
phatic systems can as a class all be augmented, and their
clinical profiles improved through augmentation with such
agents (antibody or antibody derivatives, or small molecular
or small molecule derivatives) that regulate lymphatic
angiogenesis.

[0060] Further, based on the evaluation of the status of the
lymphatic system in the cancer subject, the potential treat-
ment with an immune-modulating therapy is assessed. If
subjects are determined to have dysregulation of their lym-
phatic system by having abnormal lymphatic system fea-
tures, then the treatment with any immune-modulating
therapy that depends on efficient immune cell priming or
antigen presentation is either aborted, deferred, or is aug-
mented by a treatment method that modulates the lymphatic
system to overcome or offset the dysfunctions.

[0061] Targeting lymphatics surrounding cancer therapy
exclusively focuses on lymphatics as conduits for metastasis
and as a means of limiting metastasis by preventing cancer
cell spread along these conduits. The prior art focuses on
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these therapies in the context of providing more support
around tumor-associated blood vessel angiogenesis by cov-
ering the vascular angiogenesis pathway that existing and
marketed do not cover. The art does not teach specific and
highly selective inhibitors of lymphangiogenesis for aug-
menting or aiding immune modulation or immune therapies.
The prior art also does not teach aiding immune checkpoint
inhibitors as a principal means of augmenting the effects of
these therapies, supporting or boosting immune therapies.
Additionally, the prior art does not teach lymphangiogenesis
inhibitors in combination with immune-modulating thera-
pies in patients with lymphatic dysregulation, dysfunction,
or perturbation.

[0062] The prior art does not teach treating patients with
dysfunctional, dysregulated, or perturbed lymphatic systems
characterized by lymphatic invasion and or lymphangitic
carcinomatosis. While the prior art suggested anti-lymp-
hangiogenic agents in ongoing clinical trials, the agents
were selected solely for their known role as primary cancer
therapies that target and inhibit vascular angiogenesis and do
not selectively inhibit lymphangiogenesis. They are nonspe-
cific agents with high general specificity for the entire VEGF
family of receptors and many other angiogenesis-related
targets (e.g., PDGF-BB, HGF, etc.), not specific and selec-
tive agents for VEGF-C/D and VEGFR 3. Additionally, the
prior art does not teach lymphatic biology specific mediators
for treating dysregulated lymphatics in the singular role of
cancer immunotherapy for targeting lymphatic dysregula-
tion so that immune therapies can more effectively function.

[0063] In a clinical setting, a major challenge in the
treatment of established metastatic disease after the primary
tumor has been surgically removed, eradicated by other
means, or is unresectable. Following the present disclosure,
established metastatic disease by blocking lymphangiogen-
esis using antagonists of VEGF-C receptors, VEGFR-3 and
VEGFR-2 in combination with cancer immune-modulating
therapies which can include but are not limited to immune
checkpoint inhibitors and in the setting of a dysregulated
lymphatic system, or tumor-associated lymphatic invasion,
lymphangitic carcinomatosis, or impaired antigen presenta-
tion, immune cell activation or priming alone or due to an
impaired or dysregulated, dysfunctional or perturbed lym-
phatic system.

[0064] Specifically, the present disclosure provides a
method for inhibiting established tumor metastasis in a
subject comprising administering to said subject a therapeu-
tically effective amount of one or more VEGFR-3 antagonist
(s) and optionally one or more VEGFR-2 antagonist(s) with
cancer immune-modulating therapies which can include but
are not limited to immune checkpoint inhibitors and in the
setting of a dysregulated lymphatic system, or tumor-asso-
ciated lymphatic invasion, lymphangitic carcinomatosis, or
impaired antigen presentation, immune cell activation or
priming alone or due to an impaired or dysregulated, dys-
functional or perturbed lymphatic system. A method is
provided for inhibiting lymphangiogenesis in a subject with
a metastatic disease comprising administering to said subject
a therapeutically effective amount of one or more VEGFR-3
antagonist(s) and optionally one or more VEGFR-2 antago-
nist(s) in combination with cancer immune-modulating
therapies which can include but are not limited to immune
checkpoint inhibitors and in the setting of a dysregulated
lymphatic system, or tumor-associated lymphatic invasion,
lymphangitic carcinomatosis, or impaired antigen presenta-
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tion, immune cell activation or priming alone or due to an
impaired or dysregulated, dysfunctional or perturbed lym-
phatic system.

[0065] A. Lymphatic System

[0066] The lymphatic system comprises capillaries and
larger collecting vessels continuously lined by endothelial
cells, which return extravasated fluid and macromolecules
from the interstitial space back to the blood circulation.
Thus, the lymphatic system plays a vital role in the regula-
tion of fluid, protein, and pressure equilibrium in tissues. By
directing leukocytes and antigens from tissues to the lymph
nodes, lymphatic vessels also have a key function in immune
surveillance. Dysfunction of the lymphatic system results in
lymphedema, a chronic and disabling condition for no
treatments now available. Breast cancer treatment is asso-
ciated with lymphedema, which often develops following
surgical removal of lymph nodes and radiation therapy.
[0067] The lung is a common site for metastasis of many
tumors, including common tumors such as breast, colorectal,
prostate, bronchial, head-and-neck, and renal cancers. Pul-
monary nodules are the most common manifestation of
metastatic cancer in the lungs. Without wishing to be bound
by theory, they are thought to be derived from tumor emboli
which arrest in the lung capillaries and invade into the
surrounding lung tissue. The involvement of pulmonary
lymphatic vessels with cancer is less diagnosed because of
imaging difficulties. At necropsy, metastases via pulmonary
lymphatics and bronchial arteries are often seen.

[0068] Involving lung lymphatics with cancer is a hall-
mark of a very aggressive metastatic disease, designated
“lymphangitic carcinomatosis.” The prognosis for a patient
with this clinical picture is extremely poor; 50% of the
patients die within 3 months of diagnosis. Although lymp-
hangitic spread can be caused by any malignant cancer, it
most commonly results from tumors originating in the
breast, stomach, pancreas, lung, or prostate. This phenom-
enon is also caused by primary pulmonary carcinoma,
especially small cell carcinoma and adenocarcinoma.
Because of the extremely aggressive nature of this disease,
there is a great need for early diagnosis and treatment.
Before the present disclosure, no treatment improved the
outcome of patients with lymphangitic carcinomatosis.
[0069] Lymphangitic carcinomatosis is an aggressive dis-
ease that has been seen in association with many common
metastatic cancers such as breast, gastric, pancreatic, pros-
tate cancer, and others. Primary lung cancer can also present
in the form of lymphangitic carcinomatosis, suggesting that
targeting of VEGF-C/VEGFR-3 in lung cancer could be a
treatment option for slowing the progression of lung cancer
in combination with cancer immune-modulating therapies
which can include, but are not limited, to immune check-
point inhibitors and in the setting of a dysregulated lym-
phatic system, or tumor-associated lymphatic invasion,
lymphangitic carcinomatosis, or impaired antigen presenta-
tion, immune cell activation or priming alone or due to an
impaired or dysregulated, dysfunctional or perturbed lym-
phatic system.

[0070] Clinically, lymphangitic carcinomatosis is charac-
terized by malignant cells in the lymphatic vessels localized
in the peri-bronchovascular area, in the interlobular septa,
and the centrilobular region. Associated pleural involvement
is common. Edema resulting from blockage of lymphatic
drainage and a desmoplastic reaction is common and can
contribute to interstitial thickening. Hilar and mediastinal
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lymphadenopathy is present in 20-40% of patients, and
pleural effusions are present in 30-50% of patients.

[0071] The dysregulated lymphatic system may be char-
acterized by one or more selected from the group consisting
of abnormal lymphatic development, lymphatic prolifera-
tion, lymphangiogenesis, impaired lymphatic vessel func-
tion, dysregulated lymphatic vessel function, augmented
tumor cell lymphatic infiltration, lymphangitic carcinoma-
tosis, abnormal functioning or homeostatic regulation, lym-
phatic remodeling, physical pressure upon lymphatics,
altered tumoral lymphatic development, altered tumoral
lymphangiogenesis, and output blockage of lymphatic struc-
tures in lymphatic organs. The dysregulated lymphatic sys-
tem may be characterized by abnormal lymphatic develop-
ment. The dysregulated lymphatic system may be
characterized by lymphatic proliferation. The dysregulated
lymphatic system may be characterized by lymphangiogen-
esis. The dysregulated lymphatic system may be character-
ized by impaired lymphatic vessel function. The dysregu-
lated lymphatic system may be characterized by
dysregulated lymphatic vessel function. The dysregulated
lymphatic system may be characterized by augmented tumor
cell lymphatic infiltration. The dysregulated lymphatic sys-
tem may be characterized by lymphangitic carcinomatosis.
The dysregulated lymphatic system may be characterized by
abnormal functioning or homeostatic regulation. The dys-
regulated lymphatic system may be characterized by lym-
phatic remodeling. The dysregulated lymphatic system may
be characterized by physical pressure upon lymphatics. The
dysregulated lymphatic system may be characterized by
altered tumoral lymphatic development. The dysregulated
lymphatic system may be characterized by altered tumoral
lymphangiogenesis. The dysregulated lymphatic system
may be characterized by the output blockage of lymphatic
structures in lymphatic organs.

[0072] B. Drug to Regulate the Lymphatic System
[0073] The drug to regulate the lymphatic system may be
administered before the therapeutic amount of the immune
modifying therapy.

[0074] The drug to regulate the lymphatic system may be
administered concurrently with the therapeutic amount of
the immune moditying therapy.

[0075] The drug to regulate the lymphatic system may be
an inhibitor or an antagonist for a target selected from the
group consisting of (1) inhibitors and antagonists of
VEGFR-2, heparin-binding factor midkine, VEGFR-3,
VEGF-C, VEGF-D, Ang2/Tie2, NRP 1, NRP 2, CCPE],
CSF1, CSFRI1, and CCL21; (2) a regulator of lymphatic
endothelial cell metabolism; (3) an enzyme involved in
lymphatic endothelial cell fatty acid oxidation; (4) a regu-
lator of PROX1; and any combination thereof.

[0076] The drug to regulate the lymphatic system may
inhibit VEGFR-2. The drug to regulate the lymphatic system
may antagonize VEGFR-2. The drug to regulate the lym-
phatic system may inhibit VEGFR-3. The drug to regulate
the lymphatic system may antagonize VEGFR-3. The drug
to regulate the lymphatic system may inhibit VEGF-C. The
drug to regulate the lymphatic system may antagonize
VEGF-C. The drug to regulate the lymphatic system may
inhibit VEGF-D. The drug to regulate the lymphatic system
may antagonize VEGF-D. The drug to regulate the lym-
phatic system may inhibit Ang2/Tie2. The drug to regulate
the lymphatic system may antagonize Ang2/Tie2. The drug
to regulate the lymphatic system may inhibit NRP 1. The
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drug to regulate the lymphatic system may antagonize NRP
1. The drug to regulate the lymphatic system may inhibit
NRP 2. The drug to regulate the lymphatic system may
antagonize NRP 2. The drug to regulate the lymphatic
system may inhibit a CCPE1. The drug to antagonize the
lymphatic system may be a CCPEL.

[0077] The drug to regulate the lymphatic system may
inhibit colony-stimulating factor 1 (CSF1). The drug to
regulate the lymphatic system may antagonize CSF1. Also
known as macrophage colony-stimulating factor (M-CSF) is
a secreted cytokine that influences hematopoietic stem cells
to differentiate into macrophages or other related cell types.
Eukaryotic cells also produce M-CSF to combat intercellular
viral infection. It is an experimentally described colony-
stimulating factor. M-CSF binds to the colony-stimulating
factor 1 receptor. It may also be involved in placental
development.

[0078] The drug to regulate the lymphatic system may
inhibit the colony-stimulating factor 1 receptor (CSFR1).
The drug to regulate the lymphatic system may antagonize
CSFR1. Also known as macrophage colony-stimulating
factor receptor (M-CSFR) and CD115 (Cluster of Differen-
tiation 115), this target is a cell-surface protein encoded, in
humans, by the CSF1R gene (also known as ¢-FMS). It is a
receptor for a cytokine called colony-stimulating factor 1.
[0079] The drug to regulate the lymphatic system may
inhibit Chemokine (C-C motif) ligand 21 (CCL21). The
drug to regulate the lymphatic system may antagonize
CCL21. CCL21 is a small cytokine belonging to the CC
chemokine family. This chemokine is also known as 6Ckine
(because it has six conserved cysteine residues instead of the
four cysteines typical to chemokines), exodus-2, and sec-
ondary lymphoid tissue chemokine (SLC). The gene for
CCL21 is on human chromosome 9. CCL21 elicits its effects
by binding to a cell surface chemokine receptor known as
CCR7.

[0080] The drug to regulate the lymphatic system may
inhibit a regulator of lymphatic endothelial cell metabolism.
The drug to regulate the lymphatic system may antagonize
a regulator of lymphatic endothelial cell metabolism. The
drug to regulate the lymphatic system may inhibit an
enzyme involved in lymphatic endothelial cell fatty acid
oxidation. The drug to regulate the lymphatic system may
antagonize an enzyme involved in lymphatic endothelial cell
fatty acid oxidation. Non-limiting examples of drugs that
inhibit or antagonize fatty acid oxidation include a 3-KAT
inhibitor, such as trimetazidine and ranolazine; a CPT1
inhibitor, such as etomoxir, perhexiline, and oxfenicine; and
a mitochondrial thiolase inhibitor, such as 4-bromocrotonic
acid.

[0081] Forexample, the regulator of lymphatic endothelial
cell metabolism may be a member of the carnitine palmi-
toyltransferase I (CPT1) enzyme family. Also known as
carnitine acyltransferase I, CPTI, CAT1, CoA:carnitine acyl-
transferase (CCAT), or palmitoyl-CoA transferase I, this
target is a mitochondrial enzyme responsible for the forma-
tion of acylcarnitines by catalyzing the transfer of the acyl
group of a long-chain fatty acyl-CoA from coenzyme A to
1-carnitine. The product is often palmitoylcarnitine, but
other fatty acids may be substrates. Isoforms of CPT1
include CPT1A, CPTI1B, and CPT1C. CPT1 is associated
with the outer mitochondrial membrane. This enzyme can be
inhibited by malonyl CoA, the first committed intermediate
produced during fatty acid synthesis. Its role in fatty acid
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metabolism makes CPT1 important in many metabolic dis-
orders, such as diabetes. Since its crystal structure is not
known, its exact mechanism of action remains to be deter-
mined.

[0082] The drug to regulate the lymphatic system may
inhibit the regulator of Prospero homeobox protein 1
(PROX1). The drug to regulate the lymphatic system may
antagonize the regulator of PROX1. PROX1 is a protein that
in humans is encoded by the PROX1 gene. PROX1 is
produced primarily in the dentate gyrus in the mouse and in
the dentate gyrus and white matter in humans.

[0083] A combination of drugs may regulate the lymphatic
system. The drug to regulate the lymphatic system may
comprise a VEGFR-2 inhibitor and a VEGFR-3 inhibitor.
[0084] A member of the vascular endothelial growth factor
(VEGF) family, VEGF-C, has been shown as a growth factor
for lymphatic vessels. VEGF-C is a ligand for the receptor
tyrosine kinase VEGFR-3, which is expressed on lymphatic
endothelial cells. VEGF-C also binds to and activates
VEGFR-2, which is expressed by lymphatic and by blood
endothelium and is also used by VEGF-A, a major angio-
genesis factor. In tumors, VEGFR-3 is expressed by lym-
phatic endothelial cells and by the subset of blood vessels,
but not by tumor cells. The important role of VEGF-C and
VEGFR-3 signaling in developmental and postnatal lymp-
hangiogenesis has been documented. Several studies have
also shown that VEGF-C/VEGFR-3 signaling aids the
spread of metastases from the primary tumor into the lymph
nodes.

[0085] Several studies have also shown that an increase in
lymph node metastases in mice bearing VEGF-C-expressing
primary tumors correlates to an increase in distant metasta-
ses. VEGF-C increased tumor lymphangiogenesis, and can-
cer spread to the lymph nodes, which was associated with an
increased metastatic burden in the lung in experimental
models of breast cancer, prostate cancer, and melanoma.
Conversely, studies in mouse models of breast cancer,
prostate cancer, and melanoma have shown that blocking
VEGF-C/VEGFR-3 inhibits tumor lymphangiogenesis and
prevents lymph node metastasis in the presence of a primary
tumor, and so reduces the risk of distant metastasis. Based
on these findings, VEGF-C/VEGFR-3-mediated lymp-
hangiogenesis would not be considered a target for cancer
treatment after the removal of the primary tumor.

[0086] Non-limiting examples of useful VEGFR-3
antagonists include antagonist antibodies and fragments
thereof, soluble polypeptides that inhibit the activity of
VEGFR-3 or VEGFR-2 (e.g., an extracellular domain of a
VEGFR-3 or VEGFR-2 protein or a derivative thereof),
small molecule inhibitors (e.g., small molecule inhibitors of
kinases and/or signaling pathways relevant for VEGFR-3
and/or VEGFR-2 signal transduction), and inhibitors of
VEGFR-3 and/or VEGFR-2 expression (e.g., siRNAs, shR-
NAs, antisense oligonucleotides, ribozymes, etc.). The
VEGFR-3 antagonist may be an anti-VEGFR-3 antibody or
an antigen-binding part thereof. Such VEGFR-3 antagonists
may be the monoclonal antibodies mR4-31C1, or VGX-100,
or IMC-3C5, OPT-302, or molecules or compounds with
similar or derivatives structures or small molecules with the
same, similar or derivative structures as SAR-131675.
[0087] The VEGFR-2 antagonist may be an anti-
VEGFR-2 antibody or an antigen-binding portion thereof. In
one specific embodiment, such a VEGFR-2 antagonist is the
monoclonal antibody DC101. Such anti-VEGFR-2 antibody
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or the anti-VEGFR-3 antibody may bind an extracellular
domain of VEGFR-2 or VEGFR-3, respectively, and can
block the interaction of VEGF-C, VEGF-D, and/or VEGF-A
with VEGFR-2 or VEGFR-3. In one embodiment, the anti-
body is capable of binding to its target (i.e., VEGFR-2 or
VEGFR-3) with an affinity of at least about 1x107~% M, of
at least about 1x1077 M, of at least about 1x10™® M, or of at
least about 1x10~°M.

[0088] The anti-VEGFR-2 antibody or the anti-VEGFR-3
antibody may be, e.g., a chimeric antibody, a primatized
antibody, a humanized antibody, or an antigen-binding por-
tion thereof. Humanized antibodies may include one or more
CDR from the monoclonal antibody DC101 or one or more
CDR from the monoclonal antibody mR4-31C1.

[0089] The antigen-binding part of the antibody can be,
e.g., an F(ab') 2, a Fab, an Fv, an scr'v, or a single domain
antibody.

[0090] The VEGFR-2 antagonist or the VEGFR-3 antago-
nist may be a soluble polypeptide antagonist. Such soluble
polypeptide antagonist comprises an extracellular domain of
a VEGFR-2 protein or an extracellular domain of a
VEGFR-3 protein or an amino acid sequence that is at least
90%, at least 95%, at least 97%, or at least 99% identical to
the extracellular domain of a VEGFR-2 protein or a
VEGFR-3 protein. Optionally, one or more soluble peptide
antagonists can further comprise a post-translational modi-
fication. Non-limiting examples of such post-translational
modifications include, e.g., acetylation, carboxylation, gly-
cosylation, phosphorylation, lipidation, acylation, the addi-
tion of a non-amino acid element (such as, e.g., polyethylene
glycol, a lipid, a poly- or mono-saccharide, or a phosphate),
and addition of a fusion domain (such as, e.g., polyhistidine,
Glu-Glu, glutathione S transferase (GST), thioredoxin, pro-
tein A, protein G, an immunoglobulin heavy chain constant
region (Fc), a maltose-binding protein (MBP), green fluo-
rescent protein (GFP), or an epitope tag). Fusion domains
can further comprise a protease cleavage site (such as e.g.,
FactorXa or Thrombin).

[0091] The pattern of metastatic spread to the lungs seen
with VEGF-C expressing cells in an MDA-MB-435/
VEGF-C mouse model for breast cancer closely resembles
Lymphangitic Carcinomatosis aggressive metastatic pheno-
type in human cancer patients. As described in greater detail
below, tumors that do not express VEGF-C do not show any
evidence of lymphatic involvement in the lungs, while
VEGF-C helps lung lymphangiogenesis, tumor cell entry
into the lung lymphatics and growth within, creating a niche
for tumor expansion within the lung as well as a route for
dissemination to the thoracic lymph nodes. Thus, VEGF-C
expression by tumor cells drastically changes the pattern of
metastatic disease and aids disease progression.

[0092] The VEGF-C/VEGFR-3 pathway and the lym-
phatic vessels are targets for treating established metastatic
disease with cancer immune-modulating therapies which
can include, but are not limited, to immune checkpoint
inhibitors and in the setting of a dysregulated lymphatic
system, or tumor-associated lymphatic invasion, lymphan-
gitic carcinomatosis, or impaired antigen presentation,
immune cell activation or priming alone or due to an
impaired or dysregulated, dysfunctional or perturbed lym-
phatic system.

[0093] Systemic treatment with VEGFR-3 antagonistic
antibodies (mR4-31C1, ImClone Systems, a subsidiary of
Eli Lilly and Company, Indianapolis, Ind.) suppressed tumor
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lymphangiogenesis and inhibited lymph node metastasis of
MDA-MB-435 cells expressing high levels of VEGF-C
(MDA/VEGF-C). Furthermore, combination therapy with a
modulator of lymphatic biology, including but not limited to
anti-VEGFR-3 antibodies with a cancer immune-modulat-
ing therapy including, but not limited to, an immune check-
point inhibitor, is more potent in decreasing metastases than
treatment with either antibody or therapy alone. The effects
of combination treatment were studied in an intervention
regimen, in which the treatment began when tumors and
metastases were established, four weeks after the orthotopic
tumor cell inoculation into the mammary fat pads. Joint
treatment with the antagonistic antibodies to VEGFR-2 and
VEGFR-3 also significantly decreased lung metastases.
[0094] To understand the mechanism by which combined
treatment inhibits metastasis, its effects on the primary
tumor were investigated. Joint treatment did not result in
greater inhibition of primary tumor growth than treatment
with the anti-VEGFR-2 antibody alone. (Blocking
VEGFR-3 had no effect on primary tumor growth.) Analysis
of tumor vasculature showed that double-treatment was also
not more potent in inhibiting tumor lymphangiogenesis or
angiogenesis, as compared to single antibody treatments.
These data demonstrated that the effects of combined treat-
ment on metastases could not be explained by changes in the
tumor vasculature or growth of the primary tumor.

[0095] Events downstream from the primary tumor, i.e., in
the lymph nodes, may be important for the observed inhi-
bition of metastases with the joint treatment. The pattern of
lymphatic and blood vasculature in tumor-draining lymph
nodes of control and treated mice was examined by immu-
nofluorescent staining using LYVE-1 and CD34 antibodies,
respectively. The results showed that MDA-MB-435/
VEGF-C tumors induced prominent lymphangiogenesis in
tumor-draining axillary lymph nodes. LYVE-1 lymphatic
vessels were restricted to the medullary zone and subcap-
sular sinuses, while no LYVE-1 structures were seen in the
lymph node cortex. Tumor draining lymph nodes increased
in size when compared to control lymph nodes of normal
mice.

[0096] Blocking VEGFR-3 reduced the lymphatic vessel
area and lymph node size in the tumor-draining lymph nodes
to a moderate extent. Blocking VEGFR-2 showed moderate
inhibition of lymphangiogenesis and a more prominent
inhibition of lymph node size. Joint blocking of VEGFR-3
and VEGFR-2 drastically inhibited lymph node lymp-
hangiogenesis and dramatically reduced lymph node size.
[0097] Taken together, analysis of tumor-draining lymph
nodes revealed that joint blocking of VEGFR-3 and
VEGFR-2 was most effective in inhibiting lymph node
lymphangiogenesis and lymph node size, as compared to
single antibody treatments. These data showed the impor-
tance of concurrent VEGFR-2 and VEGFR-3 signaling for
lymph node lymphangiogenesis and strongly indicated an
important role of lymph node lymphangiogenesis for both
lymph node and distant metastases.

[0098] The effects of antagonistic antibodies to VEGFR-2
and VEGFR-3 on tumor-induced lymph node angiogenesis
were examined. Comparison of the CD34+ vessel pattern in
normal and tumor-draining lymph nodes showed an increase
in the density of blood microvasculature within the lymph
node cortex, while the density of blood microvasculature
was not altered. Tumors induced angiogenesis in tumor-
draining lymph nodes by 80%. Interestingly, the increase in
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the total number of blood vessels was directly correlated to
the increase of lymph node size associated with the tumor,
showing that the blood vessel density per lymph node area
stayed unchanged.

[0099] Blocking VEGFR-3 alone did reduce the lymph
node blood vessel density. Blocking VEGFR-2 drastically
reduced blood vessel density (50%). Joint blocking of
VEGFR-2 and VEGFR-3 reduced blood vessel numbers
slightly more (64%). Thus, the combination treatment, with
antagonistic antibodies to both VEGFR-2 and VEGFR-3, is
most effective for the inhibition of lymph node lymphangio-
genesis and lymph node size.

[0100] VEGF-C expression by tumor cells potently
increased the metastatic burden in the lungs. To further
understand the mechanism by which VEGF-C and its recep-
tors aid the formation of distant metastases, the phenotype of
lung metastases formed by MDA-MB-435 and MDA-MB-
435/VEGF-C cells were examined. These cells were
injected orthotopically into the second mammary fat pads of
nude mice, and tumors and metastases could develop for 12
weeks. Tumor size reached an average volume of about 1 cm
after the 12-week period. At the end of the experiment (12
weeks), 8 out of 8 mice (100%) bearing MDA-MB-435 cells
or MDA-MB-435/VEGF-C cells had a positive signal in the
lungs.

[0101] Histopathological analysis of metastases revealed a
distinct pattern of pulmonary metastases by tumor cells
expressing high levels of VEGF-C. MDA MB-435/VEGF-C
cells showed a unique distribution in the lung as compared
to the non-VEGF-C expressing cells. Metastases from
MDA-MB-435/VEGF-C cells presented as large lesions
associated with the bronchi and large pulmonary vessels. In
contrast, metastases of MDA-MB-435 control cells pre-
sented as small pulmonary nodules that localized in the lung
parenchyma and were not associated with the bronchi.
Smooth muscle O-actin staining of the large pulmonary
vessels and airways further showed that metastases from
MDA-MB-435 cells had no affiliation with the large pul-
monary vasculature and were often distant from large ves-
sels, while VEGF-C overexpressing lesions were often seen
in intravascular emboli, localizing in pulmonary arteries.
These results show that increased VEGF-C production by
metastatic cells resulted in an increase in lung metastasis and
drives a phenotype in which tumor cells are often seen as
endovascular nodules in the peribronchovascular region.

[0102] Lymphatic vessels in lungs infiltrated with MDA/
pcDNA tumor cells were detected in their normal anatomical
location, i.e., surrounding bronchi, large pulmonary vessels,
and in the pleura, and they were not altered in their appear-
ance compared to normal lungs not involved with cancer.
There was no lymphangiogenesis associated with MDA/
pcDNA nodules, and only seldom were lymphatics seen near
these nodules (number of metastatic foci with lymphatics
present within 200 pum:MDA/pcDNA 6/48; 13% vs. MDA/
VEGF-C 37/39; 95%). In contrast, VEGF-C-overexpressing
metastatic lesions had pronounced lymphangiogenesis, and
lymphatic vessels were distended throughout the lungs with
MDA/VEGF-C metastases. Lymphatic vessel area associ-
ated with MDA/VEGF-C metastatic foci was, on average,
75-fold greater than lymphatic vessel area associated with
MDA/pcDNA foci, which had lymphatics in the proximity.
The expansion of the lymphatic network paralleled an
increase in the size of MDA/VEGF-C metastases.
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[0103] Because most VEGF-C overexpressing metastases
were found next to bronchi, the relationship between MDA/
VEGF-C metastases and the deep lymphatic plexus associ-
ated with the bronchial tree was investigated. Lymphatic
vessels were detected by using a combination of anti-LY VE-
1, anti-podoplanin, and anti-VEGFR-3 antibodies. Strik-
ingly, the bulk of MDA/VEGF-C metastases seen in the
peribronchial area was seen inside of the distended lym-
phatic vessels (31/55 metastatic foci showed lymphatic
vessel involvement; 56%). Lymphatic vessels near pulmo-
nary veins were also massively infiltrated with tumor cells.
Furthermore, MDA/VEGF-C metastases were often
detected in the pleura (MDA/VEGF-C in 5/7 mice; MDA/
pcDNA in 1/6 mice), which is another area of lung tissue
rich in lymphatics. In sharp contrast, MDA/pcDNA metas-
tases were rarely seen intravascular or even near the lym-
phatic vasculature. These data show that VEGF-C aid
intralymphatic spread of metastases in the lung.

[0104] To investigate whether VEGF-C promotes second-
ary metastatic dissemination, within the lymphatic network
in the lung, lung-draining lymph nodes were analyzed for
metastases. At necropsy, mediastinal and hilar lymph nodes
from mice bearing VEGF-C overexpressing and control
MDA-MB-435 tumors were evaluated using stereomicros-
copy to detect the GFP fluorescence. The incidence of lymph
nodes positive for metastases from VEGF-C overexpressing
tumor-bearing mice was significantly higher (13/20, 65%)
than in mice bearing control tumors (3/20, 15%). To confirm
the presence of tumor cells and to analyze the specific area
of the metastases within the mediastinal or hilar lymph
nodes, the histopathology of lymph nodes from mice bearing
the VEGF-C over-expressing tumors was studied. Using
podoplanin as a lymphatic vessel marker, metastases were
seen in the subcapsular sinus region. These data showed that
VEGF-C promotes the lymphatic spread of metastases
within the lung, promoting secondary tumor spread to the
thoracic lymph nodes.

[0105] The finding that VEGF-C induces aggressive
lymphangitic carcinomatosis phenotype in a mouse breast
cancer model suggested that VEGF-C and its receptor
VEGFR-3 and/or VEGFR-2 could be targets for treating this
disease. Because in most cancer patients with cancer pri-
mary tumor is removed (unless it is unresectable), an experi-
ment was designed in which VEGFR-3 signaling was inhib-
ited with antagonistic antibodies after the removal of the
primary tumor. VEGF-C overexpressing MDA-MB-435
cells were orthotopically injected into the second mammary
fat pad of nu/nu mice, and tumor and lung metastases could
develop for 8 weeks. The extent of metastases was moni-
tored and quantified by in vivo bioluminescent imaging. In
the 8th week, the primary tumor was surgically removed,
and function-blocking antibodies to VEGFR-3 (mP4-31C1,
ImClone Systems) were administered at 800 pg/mouse every
second day, and metastases were analyzed after six weeks of
treatment.

[0106] A stark contrast between the metastatic patterns
between the control and the mP4-31C1 treated groups was
seen, as assessed by histopathological analysis of lung
sections. Control samples (MDA/VEGF-C cells) showed
many intravascular metastases seen in the pulmonary arter-
ies associated with the bronchial tree and in the lymphatic
vessels of the peribronchovascular region, around the pul-
monary veins, and in the pleura. Conversely, in lung sections
from the mice treated with anti-VEGFR-3 antibodies, metas-
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tases were seen primarily in the lung parenchyma and
capillaries of the lungs and were less often associated with
lymphatics, pulmonary arteries, or the bronchial tree. Metas-
tases associated with the airways were not found in the
lymphatic vessels or in the pulmonary arteries, and there was
no lymphangiogenesis. The typical phenotype of VEGF-C
expressing metastases grow in the lymphatic vessels and
present as pulmonary artery tumor emboli. Collectively,
these data showed that VEGF-C/VEGFR-3 signaling has a
significant role in driving breast adenocarcinoma metastases
towards the clinical manifestation of lymphangitic carcino-
matosis and that inhibition of VEGFR-3 can reverse this
aggressive phenotype.

[0107] C. Immune-Modulating Therapy

[0108] The immune-modulating therapy may be selected
from the group consisting of an antagonist for immune
checkpoint inhibition, an agonist for immune co-stimulation
signal, a stimulatory factor affecting immune cell priming
and activation, a chemotactic agent, cytokine-related
immune modulator, chemotherapeutic immune stimulation,
radiotherapeutic immune stimulation, a vaccine, activation
of an adaptive immune response, and activation of innate
immune response. Immune-modulating therapy that works
independent of immune cell priming and antigen presenta-
tion include adoptive cell transfer and immune cell modifi-
cation strategies, such as chimeric antigen receptor T cell
(CAR-T) therapy. Here, immune cells are changed (1)
intrinsically (in vivo modification which would include
vaccination-based approaches and the like), (2) extrinsically
via adoptive cell therapies or immune cell modification
strategies, such as via CAR-T therapy, immune cell grafting,
immune cell transplantation, or stem cell transplantation,
and related strategies, and any combination of intrinsic or
extrinsic modification.

[0109] The immune-modulating therapy may be an
antagonist for immune checkpoint inhibition. The immune-
modulating therapy may be an agonist for immune co-
stimulation signal. The immune-modulating therapy may be
a stimulatory factor affecting immune cell priming and
activation. The immune-modulating therapy may be a
chemotactic agent. The immune-modulating therapy may be
a cytokine-related immune modulator. The immune-modu-
lating therapy may be chemotherapeutic immune stimula-
tion. The immune-modulating therapy may be radiothera-
peutic immune stimulation. The immune-modulating
therapy may be a vaccine. The immune-modulating therapy
may be activation of an adaptive immune response. The
immune-modulating therapy may be activation of innate
immune response.

[0110] The immune-modulating therapy may be an
antagonist for immune checkpoint inhibition having a target
selected from the group consisting of PD-1, PD-L1, CTLA-
4, LAG3, TIM-2, CD47, KIR, TIM3, and CD30.

[0111] The target may be programmed cell death protein 1
(PD-1), also known as and CD279 (cluster of differentiation
279). PD-1 is a cell surface receptor that downregulates the
immune system and promotes self-tolerance by suppressing
T cell inflammatory activity. PD-1 is an immune checkpoint
and guards against autoimmunity through a dual mechanism
of promoting apoptosis (programmed cell death) in antigen-
specific T-cells in lymph nodes while simultaneously reduc-
ing apoptosis in regulatory T cells (anti-inflammatory, sup-
pressive T cells). PD-1 inhibits the immune system. This
prevents autoimmune diseases, but it can also prevent the
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immune system from killing cancer cells. Drugs that block
PD-1, the PD-1 inhibitors, activate the immune system to
attack tumors PD-1 is a cell surface receptor that belongs to
the immunoglobulin superfamily and is expressed on T cells
and pro-B cells. PD-1 binds two ligands, PD-L.1 and PD-L.2.

[0112] The target may be programmed death-ligand 1
(PD-L1). Also known as cluster of differentiation 274
(CD274) or B7 homolog 1 (B7-H), PD-L1 is a protein that
in humans is encoded by the CD274 gene. Programmed
death-ligand 1 (PD-L1) is a 40 kDa type 1 transmembrane
protein that may suppress the immune system during preg-
nancy, tissue allografts, autoimmune disease, and hepatitis.
Normally, the immune system reacts to foreign antigens
associated with exogenous or endogenous danger signals,
which trigger a proliferation of antigen-specific CD8+ T
cells and/or CD4+ helper cells. The binding of PD-L1 to
PD-1 or B7.1 transmits an inhibitory signal that reduces the
proliferation of these T cells and can also induce apoptosis,
which is further mediated by a lower regulation of the gene
Bel-2.

[0113] The target may be cytotoxic T-lymphocyte-associ-
ated protein 4 (CTLA-4), also known as CD152 (cluster of
differentiation 152). CTLA-4 is a protein receptor that,
functioning as an immune checkpoint, downregulates
immune responses. CTLA4 is constitutively expressed in
regulatory T cells but only upregulated in conventional T
cells after activation.

[0114] The target may be lymphocyte-activation gene 3
(LAG-3), a protein that in humans is encoded by the LAG3
gene. LAG3 is also designated CD223 (cluster of differen-
tiation 223). LAG3 is a cell surface molecule with diverse
biologic effects on T cell function. It is an immune check-
point receptor.

[0115] The target may be T cell immunoglobulin and
mucin domain family 2 (TIM-2) for family 3 (TIM3).

[0116] The target may be a Cluster of Differentiation 47
(CDA47), also known as integrin associated protein (IAP).
CD47 is a transmembrane protein that, in humans, is
encoded by the CD47 gene. CD47 belongs to the immuno-
globulin superfamily and partners with membrane integrins
and binds the ligands thrombospondin-1 (TSP-1) and signal-
regulatory protein alpha (SIRPa). This is because the pro-
tein IAP produced by CD-47 acts as a don’t-eat-me signal to
the immune system and drives organ fibrosis. CD47 is
involved in many cellular processes, including apoptosis,
proliferation, adhesion, and migration. Furthermore, it plays
a key role in immune and angiogenic responses. CD47 is
ubiquitously expressed in human cells and has been found to
be overexpressed in many different tumor cells. Expression
in equine cutaneous tumors has been reported as well.

[0117] The target may be killer-cell immunoglobulin-like
receptors (KIR), a family of type I transmembrane glyco-
proteins expressed on the plasma membrane of natural killer
(NK) cells, and a minority of T cells.

[0118] The target may be CD30. CD30, also known as
TNFRSFS, is a cell membrane protein of the tumor necrosis
factor receptor family and tumor marker. This receptor is
expressed by activated, but not by resting, T, and B cells.
TRAF2 and TRAFS5 can interact with this receptor and
mediate the signal transduction that leads to the activation of
NF-kappaB. It is a positive regulator of apoptosis, limits the
proliferative potential of autoreactive CD8 effector T cells,
and protects the body against autoimmunity. Two alterna-
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tively spliced transcript variants of this gene encoding
distinct isoforms have been reported.

[0119] The immune-modulating therapy may be an ago-
nist for immune co-stimulation signal having a target
selected from the group consisting of CD137/41BB, 41BBL,

0X40, CD27, CDA40/CD40L/cd40/CEA-CD3CD, and
STING.
[0120] The target may be CDI137/41BB. CD137 is a

member of the tumor necrosis factor (TNF) receptor family.
Its alternative names are tumor necrosis factor receptor
superfamily member 9 (TNFRSF9), 4-1BB, and induced by
lymphocyte activation (ILA). CD137 can be expressed by
activated T cells, but on CD8 than on CD4 T cells. In
addition, CD137 expression is found on dendritic cells, B
cells, follicular dendritic cells, natural killer cells, granulo-
cytes, and cells of blood vessel walls at sites of inflamma-
tion.

[0121] The target may be 4-1BB, a type 2 transmembrane
glycoprotein belonging to the TNF superfamily, expressed
on activated T lymphocytes. 41 BBL is the ligand for 4-1BB.
[0122] The target may be OX40. Tumor necrosis factor
receptor superfamily, member 4 (TNFRSF4), also known as
CD134 and OX40 receptor, is a member of the TNFR-
superfamily of receptors, which is not constitutively
expressed on resting naive T cells, unlike CD28. OX40 is a
secondary co-stimulatory immune checkpoint molecule,
expressed after 24 to 72 hours following activation; its
ligand, OX40L, is also not expressed on resting antigen-
presenting cells but is following their activation. Expression
ot OX40 is dependent on full activation of the T cell; without
CD28, expression of 0OX40 is delayed and of fourfold lower
levels.

[0123] The target may be a cluster of differentiation 27
(CD27), a member of the tumor necrosis factor receptor
superfamily, and a co-stimulatory immune checkpoint mol-
ecule. The protein encoded by this gene is a member of the
TNF-receptor superfamily. This receptor is needed for the
generation and long-term maintenance of T cell immunity. It
binds to ligand CD70 and regulates B-cell activation and
immunoglobulin synthesis. This receptor transduces signals
that lead to the activation of NF-kB and MAPKS8/JNK.
Adaptor proteins TRAF2 and TRAFS have been shown to
mediate the signaling process of this receptor. CD27-binding
protein (SIVA), a proapoptotic protein, can bind to this
receptor and induces apoptosis by this receptor.

[0124] The target may be a cluster of differentiation 40 or
its ligand CD40/CD40L/cd40/CEA-CD3CD. CDA40 is a
costimulatory protein found on antigen-presenting cells and
is needed for their activation. Binding CD154 (CD40L) on
TH cells to CD40 activates antigen-presenting cells and
induces a variety of downstream effects. Deficiency can
cause Hyper-IgM syndrome type 3.

[0125] The target may be a stimulator of interferon genes
(STING), also known as transmembrane protein 173
(TMEM173) and MPYS/MITA/ERIS. STING is a protein
that in humans is encoded by the TMEM173 gene.

[0126] The immune-modulating therapy may be a stimu-
latory factor affecting immune cell priming and activation
selected from the group consisting of CD28/7.1, CD137/
CD137L, OX40/0X40L, CD27/CD70, HVEM, GITR,
CDN, ATB, HMGBI1, TLR4, LR7, TLR 8, TLR9, MICA/
MICB, B7-H2, B7-H3, B7-H4, and B7-1/2.

[0127] The stimulatory factor may be a Cluster of Differ-
entiation 28(CD28/B7.1), one of the proteins expressed on T

Mar. 11, 2021

cells that provide co-stimulatory signals for T cell activation
and survival. T cell stimulation through CD28, in addition to
the T-cell receptor (TCR), can provide a potent signal for
producing various interleukins (IL-6 in particular). CD28 is
the receptor for CD80 (B7.1) and CD86 (B7.2) proteins.
When activated by Toll-like receptor (TLR) ligands, the
CD80 expression is upregulated in antigen-presenting cells
(APCs). The CD86 expression on antigen-presenting cells is
constitutive (the expression is independent of environmental
factors). CD28 is the only B7 receptor constitutively
expressed on naive T cells. Association of the TCR of a
naive T cell with MHC:antigen complex without CD28:B7
interaction results in a T cell that is anergic.

[0128] The stimulatory factor may be CD137/CD137L.
CD137 is a member of the tumor necrosis factor (TNF)
receptor family. Its alternative names are tumor necrosis
factor receptor superfamily member 9 (TNFRSF9), 4-1BB,
and induced by lymphocyte activation (ILA). CD137 is a
co-stimulatory immune checkpoint molecule.

[0129] The stimulatory factor may be OX40/0X40L. The
stimulatory factor may be CD27/CD70.

[0130] The stimulatory factor may be herpesvirus entry
mediator (HVEM), also known as tumor necrosis factor
receptor superfamily member 14 (TNFRSF14), which is a
human cell surface receptor of the TNF-receptor superfam-
ily.

[0131] The stimulatory factor may be GITR. Tumor necro-
sis factor receptor superfamily member 18 (TNFRSF18),
also known as activation-inducible TNFR family receptor
(AITR) or glucocorticoid-induced TNFR-related protein
(GITR), is a protein that in humans is encoded by the
TNFRSF18 gene. GITR is a co-stimulatory immune check-
point molecule.

[0132] The stimulatory factor may be CDN. The stimula-
tory factor may be ATB.

[0133] The stimulatory factor may be a high mobility
group box 1 protein, also known as high-mobility group
protein 1 (HMG-1), and amphoterin, a protein that in
humans is encoded by the HMGBI1 gene. In the nucleus,
HMGBI interacts with nucleosomes, transcription factors,
and histones. This nuclear protein organizes the DNA and
regulates transcription. After binding, HMGB1 bends DNA,
which aids the binding of other proteins. HMGB1 supports
the transcription of many genes in interactions with many
transcription factors. It also interacts with nucleosomes to
loosen packed DNA and remodel the chromatin. Contact
with core histones changes the structure of nucleosomes.
HMGBI in the nucleus depends on posttranslational modi-
fications. When the protein is not acetylated, it stays in the
nucleus, but hyperacetylation on lysine residues causes it to
translocate into the cytosol. HMGB1 has been shown to play
an important role in helping the RAG endonuclease form a
paired complex during V(D)J recombination. HMG-1
belongs to the high mobility group and contains the HMG-
box domain.

[0134] The stimulatory factor may be toll-like receptor 4
(TLR4). A transmembrane member of the toll-like receptor
family, which belongs to the pattern recognition receptor
(PRR) family. Its activation leads to an intracellular signal-
ing pathway NF-kB and inflammatory cytokine production
responsible for activating the innate immune system. TLR4
is most well-known for recognizing lipopolysaccharide
(LPS), a component present in many Gram-negative bacteria
(e.g., Neisseria spp.) and select Gram-positive bacteria. Its
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ligands also include several viral proteins, polysaccharide,
and a variety of endogenous proteins such as low-density
lipoprotein, beta-defensins, and heat shock protein. TLR4
has also been designated as CD284 (cluster of differentiation
284).

[0135] The stimulatory factor may be toll-like receptor 7
(TLR7), a protein that in humans is encoded by the TLR7
gene. TLR7 recognizes single-stranded RNA in endosomes,
a common feature of viral genomes that are internalized by
macrophages and dendritic cells. TLR7 recognizes single-
stranded RNA of viruses such as HIV and HCV. TLR7 can
recognize GU-rich single-stranded RNA. However, the pres-
ence of GU-rich sequences in the single-stranded RNA is not
enough to stimulate TLR7.

[0136] The stimulatory factor may be toll-like receptor 8
(TLRB). Also known as cluster of differentiation 288
(CD288), TLR8 a protein that in humans is encoded by the
TLR8 gene. TLRS can recognize GU-rich single-stranded
RNA. However, the presence of GU-rich sequences in the
single-stranded RNA is not enough to stimulate TLRS.
TLR8 recognizes G-rich oligonucleotides. TLR8 is an endo-
somal receptor that recognizes single-stranded RNA
(ssRNA) and can recognize ssRNA viruses such as Influ-
enza, Sendai, and Coxsackie B viruses. TLR8 binding to the
viral RNA recruits MyD88 and leads to activation of the
transcription factor NF-kB and antiviral response. TLRS8
recognizes single-stranded RNA of viruses such as HIV and
HCV.

[0137] The stimulatory factor may be toll-like receptor 9
(TLRY), also known as CD289 (cluster of differentiation
289). TLRY is a member of the toll-like receptor (TLR)
family. TLRO is an important receptor expressed in immune
system cells, including dendritic cells, macrophages, natural
killer cells, and other antigen-presenting cells. TLR9 pref-
erentially binds DNA present in bacteria and viruses and
triggers signaling cascades that lead to a pro-inflammatory
cytokine response. Cancer, infection, and tissue damage can
all modulate TLR9 expression and activation. TLR9 is also
an important factor in autoimmune diseases, and there is
active research into synthetic TLR9 agonists and antagonists
that help regulate autoimmune inflammation.

[0138] The stimulatory factor may be major histocompat-
ibility complex (MHC) class I polypeptide-related sequence
A (MICA) is a cell surface glycoprotein encoded by the
MICA gene within the MHC locus. MICA is related to MHC
class I and has a similar domain structure, which is made up
of an external a.la203 domain, a transmembrane segment,
and a C-terminal cytoplasmic tail. However, MICA is not
associated with 02-microglobulin nor binds peptides as
conventional MHC class I molecules do. MICA works as a
stress-induced ligand for the NKG2D receptor. For example,
the heat shock stress pathway regulates MICA expression as
transcription of MICA is regulated by promoter heat shock
element. MICA is broadly recognized by NK cells, yd T
cells, and CD8+ af T cells, which carry NKG2D receptor on
their cell surface. Because of NKG2D-MICA engagement,
effector cytolytic responses of T cells and NK cells against
epithelial tumor cells expressing MICA are started.

[0139] The stimulatory factor may be major histocompat-
ibility complex (MHC) class I polypeptide-related sequence
B (MICB) is a protein that is encoded by the MICB gene
within the MHC locus. MICB is related to MHC class I and
has a similar domain structure, which is made up of an
external ala2a3 domain, a transmembrane segment, and a
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C-terminal cytoplasmic tail. MICB is a stress-induced ligand
for the NKG2D receptor. The heat shock stress pathway is
involved in the regulation of MICB expression as transcrip-
tion of MICB is regulated by the promoter heat shock
element.

[0140] The stimulatory factor may be a B7 protein. B7 is
a type of peripheral membrane protein found on activated
antigen-presenting cells (APC) that, when paired with either
a CD28 or CD152 (CTLA-4) surface protein ona T cell, can
produce a costimulatory signal or a coinhibitory signal to
enhance or decrease the activity of an MHC-TCR signal
between the APC and the T cell, respectively. Binding the B7
of APC to CTLA-4 of T-cells causes inhibition of the activity
of T-cells. There are two major types of B7 proteins: B7-1
or CD80 and B7-2 or CD86. However, it is not known if they
differ significantly from each other. CD28 and CTLA-4 each
interact with both B7-1 and B7-2. The stimulatory factor
may be B7-H2. The stimulatory factor may be B7-H3. The
stimulatory factor may be B7-H4. The stimulatory factor
may be B7-1/2.

[0141] The immune-modulating therapy may be a chemot-
actic agent selected from the group consisting of CX3CL1,
CXCL9, CXCL10, CCLS5, LFA1, ICAMI, selectin E, selec-
tin P, selectin N, CXCR4, CCR2, CCL21, CCRS5, CXCRI,
CXCR2, CSFIR, and CCR4. The chemotactic agent may be
a chemokine, a small protein that regulates cell trafficking of
leukocytes. The chemokines also play fundamental roles in
the development, homeostasis, and function of the immune
system, and they have effects on cells of the central nervous
system as well as on endothelial cells involved in angiogen-
esis or angiostasis.

[0142] The chemotactic agent may be CX3CL1. Frac-
talkine, also known as chemokine (C-X3-C motif) ligand 1,
is a protein that in humans is encoded by the CX3CL1 gene.
Fractalkine is a large cytokine protein of 373 amino acids. It
has multiple domains and is the only known member of the
CX3C chemokine family. The polypeptide structure of
CX3CL1 differs from the typical structure of other chemo-
kines.

[0143] The chemotactic agent may be chemokine (C-X-C
motif) ligand 9 (CXCL9), a small cytokine belonging to the
CXC chemokine family that is also known as monokine
induced by gamma interferon (MIG). CXCL9 is a T-cell
chemoattractant, which is induced by IFN-y. It is closely
related to two other CXC chemokines called CXCL10 and
CXCL11, whose genes are near the gene for CXCL9 on
human chromosome 4. CXCL9, CXCL10, and CXCLI11 all
elicit their chemotactic functions by interacting with the
chemokine receptor CXCR3. Neutrophil collagenase/matrix
metalloproteinase 8 (MMP-8) degrades CXCL9 and cleaves
CXCL10 at two positions. Gelatinase B/matrix metallopro-
teinase 9 (MMP-9) degrades CXCL10 and cleaves CXCL9
at three different sites in its extended carboxy-terminal
region.

[0144] The chemotactic agent may be C-X-C motif
chemokine 10 (CXCL10), also known as interferon gamma-
induced protein 10 (IP-10) or small-inducible cytokine B10.
CXCL10 is an 8.7 kDa protein that, in humans, is encoded
by the CXCL10 gene.

[0145] The chemotactic agent may be chemokine (C-C
motif) ligand 5 (CCL5), a protein that in humans is encoded
by the CCLS gene. It is also known as RANTES (regulated
on activation, normal T cell expressed and secreted).
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[0146] The chemotactic agent may be lymphocyte func-
tion-associated antigen 1 (LFA-1), found on T-cells, B-cells,
macrophages, neutrophils, and NK cells. LFA1 is involved
in recruitment to the site of infection. It binds to ICAM-1 on
antigen-presenting cells and functions as an adhesion mol-
ecule. LFA-1 is the first to bind T-cells to antigen-presenting
cells and initially binds weakly. A signal from the T-cell
receptor and/or the cytokine receptor changes the confor-
mation and prolongs the cell contact, allowing the T-cell to
proliferate. LFA-1/ICAM-1 interaction leads to further T
cell differentiation. LFA-1 is part of the family of leukocyte
integrins recognized by their common $-chains (a2, CD18).
LFA-1 also has a distinct a-chain (al., CD11a).

[0147] The chemotactic agent may be Intercellular Adhe-
sion Molecule 1 (ICAM-1), also known as CD54 (Cluster of
Differentiation 54). ICAM-1 is a protein that in humans is
encoded by the ICAMI1 gene, giving a cell surface glyco-
protein typically expressed on endothelial cells and cells of
the immune system. It binds to integrins of type CDl11a/
CD18 or CD11b/CD18 and is also exploited by rhinovirus as
a receptor.

[0148] The chemotactic agent may be one or more selec-
tins. The selectins (cluster of differentiation 62 or CD62) are
a family of cell adhesion molecules (or CAMs). All selectins
are single-chain transmembrane glycoproteins that share
similar properties to C-type lectins due to a related amino
terminus and calcium-dependent binding. Selectins bind to
sugar moieties, and so are a type of lectin, cell adhesion
proteins that bind sugar polymers. The chemotactic agent
may be selectin E. The chemotactic agent may be selectin P.
The chemotactic agent may be selectin N.

[0149] The chemotactic agent may be CXCR4. C-X-C
chemokine receptor type 4 (CXCR-4), also known as fusin
or CD184 (cluster of differentiation 184), is a protein that in
humans is encoded by the CXCR4 gene.

[0150] The chemotactic agent may be C-C chemokine
receptor type 2 (CCR2), also known as cluster of differen-
tiation 192 (CD192), a protein that in humans is encoded by
the CCR2 gene. CCR2 is a chemokine receptor. This gene
encodes two isoforms of a receptor for monocyte chemoat-
tractant protein-1 (CCL2), a chemokine that specifically
mediates monocyte chemotaxis. Monocyte chemoattractant
protein-1 is involved in monocyte infiltration in inflamma-
tory diseases, such as rheumatoid arthritis and in the inflam-
matory response against tumors. The receptors encoded by
this gene mediate agonist-dependent calcium mobilization
and inhibition of adenylyl cyclase.

[0151] The chemotactic agent may be chemokine (C-C
motif) ligand 21 (CCL21), a small cytokine belonging to the
CC chemokine family. This chemokine is also known as
6Ckine (because it has six conserved cysteine residues
instead of the four cysteines typical to chemokines), exodus-
2, and secondary lymphoid tissue chemokine (SL.C). The
gene for CCL21 is on human chromosome 9. CCL21 elicits
its effects by binding to a cell surface chemokine receptor
known as CCR7.

[0152] The chemotactic agent may be C-C chemokine
receptor type 5 (CCRS), also known as cluster of differen-
tiation 195 (CD195), a protein on the surface of white blood
cells involved in the immune system, as it acts as a receptor
for chemokines. This is the process by which T cells are
attracted to specific tissue and organ targets. Many forms of
HIV, the virus that causes AIDS, initially use CCRS to enter

Mar. 11, 2021

and infect host cells. Certain individuals carry a CCR5-A32
mutation in the CCRS5 gene, protecting them against these
strains of HIV.

[0153] The chemotactic agent may be C-X-C motif
chemokine receptor 1 (CXCR1), also known as interleukin
8 receptor, alpha (IL8RA), and a cluster of differentiation
181 (CD181). The protein encoded by this gene is a member
of the G-protein-coupled receptor family. This protein is a
receptor for interleukin 8 (IL8). It binds to IL.8 with high
affinity and transduces the signal through a G-protein-
activated second messenger system. Knockout studies in
mice suggested that this protein inhibits embryonic oligo-
dendrocyte precursor migration in the developing spinal
cord. This gene, IL8RB, a gene encoding another high-
affinity IL.8 receptor, and IL8RBP, a pseudogene of IL.8RB,
form a gene cluster in a region mapped to chromosome
2933-q36. Stimulation of CXCRI1 in neutrophils by its
primary ligand, Interleukin 8, leads to neutrophil chemotaxis
and activation.

[0154] The chemotactic agent may be CXCR2, also
known as interleukin 8 receptor, beta (IL8RB). The protein
encoded by this gene is a member of the G-protein-coupled
receptor family. This protein is a receptor for interleukin 8
(ILB). It binds to IL.8 with high affinity and transduces the
signal through a G-protein-activated second messenger sys-
tem (Gi/o-coupled). This receptor also binds to chemokine
(C-X-C motif) ligand 1 (CXCL1/MGSA), a protein with
melanoma growth stimulating activity, and is a major com-
ponent for serum-dependent melanoma cell growth. In addi-
tion, it binds ligands CXCL2, CXCL3, and CXCLS. The
angiogenic effects of IL8 in intestinal microvascular
endothelial cells are found to be mediated by this receptor.
Knockout studies in mice suggested that this receptor con-
trols the positioning of oligodendrocyte precursors in devel-
oping spinal cord by arresting their migration. This gene,
IL8RA, a gene encoding another high-affinity IL8 receptor,
and IL8RBP, a pseudogene of IL.8RB, form a gene cluster in
a region mapped to chromosome 2q33-q36. Mutations in
CXCR2 cause hematological traits.

[0155] The chemotactic agent may be a colony-stimulat-
ing factor 1 receptor (CSF1R), also known as macrophage
colony-stimulating factor receptor (M-CSFR), and CD115
(Cluster of Differentiation 115), a cell-surface protein
encoded, in humans, by the CSF1R gene (also known as
c-FMS). It is a receptor for a cytokine called colony-
stimulating factor 1. The encoded protein is a single-pass
type I membrane protein and acts as the receptor for colony-
stimulating factor 1, a cytokine that controls the production,
differentiation, and function of macrophages. This receptor
mediates most, if not all, of the biological effects of this
cytokine. Ligand binding activates CSF1R through a process
of oligomerization and trans-phosphorylation. The encoded
protein is a tyrosine kinase transmembrane receptor and
member of the CSF1/PDGF receptor family of tyrosine-
protein kinases.

[0156] The chemotactic agent may be CCR4. C-C chemo-
kine receptor type 4 is a protein that in humans is encoded
by the CCR4 gene. CCR4 has also recently been designated
CD194 (cluster of differentiation 194). The protein encoded
by this gene belongs to the G protein-coupled receptor
family. It is a receptor for the CC chemokines CCL2
(MCP-1), CCL4 (MIP-1), CCL5 (RANTES), CCL17
(TARC), and CCL22 (Macrophage-derived chemokine).
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[0157] The immune-modulating therapy may be a chemot-
actic agent comprising a cytokine selected from the group
consisting of IL-1, IL-2, IL-4, IL-6, IL-7, IL-8, IL-13, IL-12,
interferon gamma, [FNa, TNFa, CSF1, CSF1R, and GM-
CSF.

[0158] The chemotactic agent may be the interleukin-1
family (IL-1 family), a group of 11 cytokines, which regu-
late immune and inflammatory responses to infections or
sterile insults.

[0159] The chemotactic agent may be interleukin 2 (IL-2),
a cytokine glycoprotein that stimulates the growth of T cell
lymphocytes and provides other biochemical signaling to the
immune system.

[0160] The chemotactic agent may be interleukin 4 (IL4,
1L-4), a cytokine that induces differentiation of naive helper
T cells (ThO cells) to Th2 cells. Upon activation by IL-4, Th2
cells then produce more I[.-4 in a positive feedback loop.
Basophils may initially produce IL-4, thus inducing ThO
differentiation. IL-2 is closely related and has functions like
interleukin 13.

[0161] The chemotactic agent may be interleukin 6 (IL-6),
a pro-inflammatory cytokine.

[0162] The chemotactic agent may be interleukin 7 (IL-7),
a protein that in humans is encoded by the IL7 gene. IL-7 is
a hematopoietic growth factor secreted by stromal cells in
the bone marrow and thymus. IL-7 is also produced by
keratinocytes, dendritic cells, hepatocytes, neurons, and
epithelial cells, but not by normal lymphocytes.

[0163] The chemotactic agent may be interleukin 8 (IL-8),
a chemokine of the immune system

[0164] The chemotactic agent may be interleukin 13 (IL-
13), a protein that in humans is encoded by the IL.13 gene.
1L-13 is on chromosome 5q31, with a length of 1.4 kb. IL-13
and 1L-4 show a 30% sequence similarity and have a similar
structure. 1L-13 is a cytokine secreted by many cell types,
but especially T helper type 2 (Th2) cells; that is, a mediator
of allergic inflammation and disease.

[0165] The chemotactic agent may be interleukin 12 (IL-
12), an interleukin naturally produced by dendritic cells,
macrophages, neutrophils, and human B-lymphoblastoid
cells (NC-37) in response to antigenic stimulation. 1[.-12 is
involved in the differentiation of naive T cells into Th1 cells.
IL-12 is known as a T cell-stimulating factor, which can
stimulate the growth and function of T cells. It stimulates the
production of interferon-gamma (IFN-y) and tumor necrosis
factor-alpha (TNF-a) from T cells and natural killer (NK)
cells and reduces IL.-4 mediated suppression of IFN-y. T
cells that produce IL.-12 have a coreceptor, CD30, which is
associated with 1[.-12 activity.

[0166] The chemotactic agent may be interferon gamma
(IFNy), a dimerized soluble cytokine, and is the only mem-
ber of the type II class of interferons.

[0167] The chemotactic agent may be IFN-c, which are
proteins that are produced by leukocytes. They are involved
in an innate immune response against viral infection. The
genes responsible for their synthesis come in 13 subtypes
that are called IFNA1, IFNA2, IFNA4, IFNAS, IFNAG,
IFNA7, IFNA8, IFNA10, IFNA13, IFNA14, IFNAISG,
IFNA17, IFNA21. These genes are found together in a
cluster on chromosome 9. The recombinant type is inter-
feron alfacon-1. The pegylated types are pegylated inter-
feron alfa-2a and pegylated interferon alfa-2b.

[0168] The chemotactic agent may be tumor necrosis
factor (TNF, tumor necrosis factor-alpha, TNFa, cachexin,
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or cachectin), a cell-signaling protein (cytokine) involved in
systemic inflammation. TNFa is one of the cytokines that
make up the acute phase reaction. TNFa is produced chiefly
by activated macrophages, although it can be produced by
many other cell types such as CD4+ lymphocytes, NK cells,
neutrophils, mast cells, eosinophils, and neurons. TNF pri-
marily regulates immune cells. TNF, being an endogenous
pyrogen, can induce fever, apoptotic cell death, cachexia,
inflammation, and to inhibit tumorigenesis and viral repli-
cation, and respond to sepsis via IL.1 and IL6 producing
cells. Dysregulation of TNF production has been implicated
in a variety of human diseases, including Alzheimer’s dis-
ease, cancer, major depression, psoriasis, and inflammatory
bowel disease (IBD). Though controversial, studies of
depression and IBD are linked to TNF levels. Recombinant
TNF is used as an immunostimulant under the INN tason-
ermin. TNF can be produced ectopically in the setting of
malignancy and parallels parathyroid hormone both in caus-
ing secondary hypercalcemia and in the cancers with which
excessive production is associated.

[0169] The chemotactic agent may be CSF1. The chemot-
actic agent may be CSF1R.

[0170] The chemotactic agent may be a granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), also known
as colony-stimulating factor 2 (CSF2), a monomeric glyco-
protein secreted by macrophages, T cells, mast cells, natural
killer cells, endothelial cells, and fibroblasts that functions as
a cytokine. The pharmaceutical analogs of naturally occur-
ring GM-CSF are called sargramostim and molgramostim.
Unlike the granulocyte colony-stimulating factor, which
specifically promotes neutrophil proliferation and matura-
tion, GM-CSF affects more cell types, especially macro-
phages and eosinophils.

[0171] The immune-modulating therapy may be chemo-
therapeutic immune stimulation selected from the group
consisting of cyclophosphamide, paclitaxel, doxorubicin,
TDO2, IDO, ARG1, ARG2, PDES, P2X7 inhibitor, P2Y11
inhibitor, A2A Receptor inhibitor, A2B Receptor inhibitor,
COX2 inhibitor, EP2 receptor antagonist, EP4 receptor
antagonist, RON kinase inhibitor, an ALKS kinase inhibitor,
CSF1 kinase inhibitor, PI3K delta kinase inhibitor, PI3K
gamma kinase inhibitor, BRAF V600E kinase inhibitor,
arginase, and iNOS.

[0172] The immune-modulating therapy may be radio-
therapeutic immune stimulation selected from the group
consisting of gamma irradiation, external beam radio-
therapy, stereotactic radiotherapy, radiosurgery, virtual
simulation, 3-dimensional conformal radiation therapy,
intensity-modulated radiation therapy, intensity-modulated
radiation therapy (IMRT), volumetric modulated arc therapy
(VMAT), particle therapy, proton beam therapy, auger
therapy, brachytherapy, intraoperative radiotherapy, radio-
isotope therapy, and beta irritation.

[0173] The immune-modulating therapy may be a vaccine
to TLR4 or TLRY. The vaccine may be toll-like receptor 4
(TLR4). The vaccine may be toll-like receptor 9 (TLR9).
[0174] The method may further comprise assessing
whether a lymphatic system in a subject is dysregulated. Any
method described herein may be used to assess the func-
tioning of the lymphatic system.

[0175] D. Cancer

[0176] The cancer may be selected from the group con-
sisting of lung cancer, breast cancer, a cancer of the gastro-
intestinal tract, a cancer of unknown origin, head and neck
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cancer, bladder cancer, prostate cancer, skin cancer, kidney
cancer, a primary brain tumor, ocular tumor, sarcoma, a
cancer of primary soft tissue, mesenchymal cancer, bone
cancer, a tumor of the lymphatic system, and leukemia.
[0177] The cancer may be lung cancer selected from the
group consisting of non-small cell lung cancer (NSCLC),
squamous cell lung cancer, large cell lung cancer, small cell
lung cancer, bronchogenic carcinoma, adenocarcinoma,
neuroendocrine lung cancer, and bronchoalveolar lung can-
cer.

[0178] The cancer may be breast cancer selected from the
group consisting of ductal carcinoma in situ (DCIS), inva-
sive ductal carcinoma (IDC), lobular carcinoma (ILC),
inflammatory breast cancer, lobular carcinoma in situ
(LCIS), male breast cancer, Paget’s disease of the nipple,
and Phyllodes tumors of the breast. The breast cancer may
be invasive ductal carcinoma selected from the group con-
sisting of tubular carcinoma of the breast, medullary carci-
noma of the breast, mucinous carcinoma of the breast,
papillary carcinoma of the breast, and cribriform carcinoma
of the breast. The cancer may be breast cancer defined by
hormone receptor status selected from the group consisting
of estrogen receptor-positive, estrogen receptor-negative,
progesterone receptor-positive, progesterone receptor-nega-
tive, Herceptin positive, Herceptin negative, and combina-
tions thereof. Cancer may be breast cancer defined by
expression of a pre-defined set of genes selected from the
group consisting of mammaprint, oncotypeDX, intrinsic
subtypes, and nanostring prosigna.

[0179] The cancer may be a cancer of the gastrointestinal
tract selected from the group consisting of a tumor of the
stomach, gastric cancer, duodenal cancer, small or large
intestine cancer, colorectal cancer, anal cancer, liver cancer,
pancreatic cancer, gall bladder cancer, cholangiocarcinoma,
and neuroendocrine cancer.

[0180] The cancer may be a skin cancer selected from the
group consisting of basal cell cancer, squamous cell cancer,
and melanoma.

[0181] The cancer may be kidney cancer selected from the
group consisting of renal cell cancer and oncocytoma.
[0182] The cancer may be a primary brain tumor, selected
from the group consisting of glioma, a tumor with glioma-
tous components, a tumor with neuronal components, a
tumor with oligodendroglial components, oligodendro-
glioma, astrocytoma, and glioblastoma multiforme.

[0183] The cancer may be a tumor of the lymphatic system
selected from the group consisting of B cell lymphoma, T
cell lymphoma, diffuse B cell lymphoma, and Hodgkin’s
lymphoma.

[0184] The cancer may be leukemia selected from the
group consisting of acute lymphoblastic leukemia, acute
myeloid leukemia, chronic lymphocytic leukemia, and
chronic myelogenous leukemia.

[0185] The cancer may be lung cancer, and the method
further may comprise administering one or more drugs
selected from the group consisting of afatinib dimaleate,
alectinib, bevacizumab, carboplatin, ceritinib, crizotinib,
docetaxel, doxorubicin, erlotinib, etoposide, everolimus,
gefitinib, gemcitabine, mechlorethamine, methotrexate,
necitumumab, nivolumab, osimertinib, paclitaxel, paclitaxel
albumin-stabilized nanoparticles, pembrolizumab, pemetr-
exed, ramucirumab, topotecan, vinorelbine, pharmaceuti-
cally acceptable salts thereof, and combinations thereof.
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[0186] The cancer may be advanced cancer or metastatic
cancer.

[0187] F. Chemotherapeutic Agents

[0188] The methods described herein may be conducted in

combination with administering one or more chemothera-
peutic agents. Non-limiting examples of chemotherapeutic
compounds which can be used in combination treatments
include, for example, aminoglutethimide, amsacrine, anas-
trozole, asparaginase, beg, bicalutamide, bleomycin, buser-
elin, busulfan, campothecin, capecitabine, carboplatin, car-
mustine, chlorambucil, cisplatin, cladribine, clodronate,
colchicine, cyclophosphamide, cyproterone, cytarabine,
dacarbazine, dactinomycin, daunorubicin, dienestrol, dieth-
ylstilbestrol, docetaxel, doxorubicin, epirubicin, estradiol,
estramnustine, etoposide, exemestane, filgrastim, fludara-
bine, fludrocortisone, fluorouracil, fluoxymesterone, fluta-
mide, gemcitabine, genistein, goserelin, hydroxyurea, ida-
rubicin, ifosfamide, imatinib, interferon, irinotecan,
ironotecan, letrozole, leucovorin, leuprolide, levamisole,
lomustine, mechlorethamine, medroxyprogesterone, mege-
strol, melphalan, mercaptopurine, mesna, methotrexate,
mitomycin, mitotane, mitoxantrone, nilutamide, nocoda-
zole, octreotide, oxaliplatin, paclitaxel, pamidronate, pen-
tostatin, plicamycin, porfimer, procarbazine, raltitrexed, rit-
uximab, streptozocin, suramin, tamoxifen, temozolomide,
teniposide, testosterone, thioguanine, thiotepa, titanocene
dichloride, topotecan, trastuzumab, tretinoin, vinblastine,
vincristine, vindesine, and vinorelbine.

[0189] These chemotherapeutic compounds may be cat-
egorized by their mechanism of action into, for example,
following groups: anti-metabolites/anti-cancer agents, such
as pyrimidine analogs (5-fluorouracil, floxuridine, capecit-
abine, gemcitabine and cytarabine) and purine analogs,
folate antagonists and related inhibitors (mercaptopurine,
thioguanine, pentostatin and 2-chlorodeoxyadenosine
(cladribine)); antiproliferative/antimitotic agents including
natural products such as vinca alkaloids (vinblastine,
vincristine, and vinorelbine), microtubule disruptors such as
taxane (paclitaxel, docetaxel), vincristine, vinblastine,
nocodazole, epothilones and navelbine, epidipodophyllotox-
ins (etoposide, teniposide), DNA damaging agents (actino-
mycin, amsacrine, anthracyclines, bleomycin, busulfan,
campothecin, carboplatin, chlorambucil, cisplatin, cyclo-
phosphamide, cytoxan, dactinomycin, daunorubicin, doxo-
rubicin, epirubicin, hexamethyhnelamineoxaliplatin, iphos-
phamide, melphalan, merchlorehtamine, mitomycin,
mitoxantrone, nitrosourea, plicamycin, procarbazine, taxol,
taxotere, teniposide, triethylenethiophosphoramide and
etoposide (VP16)); antibiotics such as dactinomycin (actino-
mycin D), daunorubicin, doxorubicin (adriamycin), idaru-
bicin, anthracyclines, mitoxantrone, bleomycins, plicamycin
(mithramycin) and mitomycin; enzymes (L.-asparaginase
which systemically metabolizes [.-asparagine and deprives
cells which do not have the capacity to synthesize their own
asparagine); antiplatelet agents; antiproliferative/antimitotic
alkylating agents such as nitrogen mustards (mechlore-
thamine, cyclophosphamide and analogs, melphalan,
chlorambucil), ethylenimines and methylmelamines (hex-
amethylmelamine and thiotepa), alkyl sulfonates-busulfan,
nitrosoureas (carmustine (BCNU) and analogs, streptozo-
cin), trazenes-dacarbazinine (DTIC); antiproliferative/anti-
mitotic antimetabolites such as folic acid analogs (methotr-
exate); platinum coordination complexes (cisplatin,
carboplatin), procarbazine, hydroxyurea, mitotane, amino-
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glutethimide; hormones, hormone analogs (estrogen, tamox-
ifen, goserelin, bicalutamide, nilutamide) and aromatase
inhibitors (letrozole, anastrozole); anticoagulants (heparin,
synthetic heparin salts and other inhibitors of thrombin);
fibrinolytic agents (such as tissue plasminogen activator,
streptokinase and urokinase), aspirin, dipyridamole, ticlopi-
dine, clopidogrel, abcizimab; antimigratory agents; antise-
cretory agents (breveldin); immunosuppressives (cy-
closporine, tacrolimus (FK-506), sirolimus (rapamycin),
azathioprine, mycophenolate mofetil); antiangiogenic com-
pounds (e.g., TNP-470, genistein, bevacizumab) and growth
factor inhibitors (e.g., fibroblast growth factor (FGF) inhibi-
tors); angiotensin receptor blocker; nitric oxide donors;
anti-sense oligonucleotides; antibodies (trastuzumab); cell
cycle inhibitors and differentiation inducers (tretinoin);
mTOR inhibitors, topoisomerase inhibitors (doxorubicin
(adriamycin), amsacrine, campothecin, daunorubicin, dac-
tinomycin, eniposide, epirubicin, etoposide, idarubicin and
mitoxantrone, topotecan, irinotecan), corticosteroids (corti-
sone, dexamethasone, hydrocortisone, methylprednisolone,
prednisone, and prednisolone); growth factor signal trans-
duction kinase inhibitors; mitochondrial dysfunction induc-
ers and caspase activators; and chromatin disruptors.

[0190] The cancer may be lung cancer, such as non-small
cell lung cancer (NSCLC). Suitable drugs for treated non-
small cell lung cancer include, but are not limited to,
Abitrexate™ (methotrexate), Abraxane™ (paclitaxel albu-
min-stabilized nanoparticles), Afinitor™ (everolimus),
Alecensa™ (alectinib), Alimta™ (pemetrexed disodium),
Avastin™  (bevacizumab), Cyramza™ (ramucirumab),
Folex™ (methotrexate), Gilotrif™ (afatinib dimaleate),
Gemzar™ (gemcitabine hydrochloride), Iressa™ (gefitinib),
Keytruda™ (pembrolizumab), Mexate™ (methotrexate),
Mustargen™ (mechlorethamine hydrochloride), Navel-
bine™ (vinorelbine tartrate), Opdivo™ (nivolumab), Para-
plat™ (carboplatin), Paraplatin™ (carboplatin), Portrazza™
(necitumumab), Tagrisso™, (osimertinib), Tarceva™ (erlo-
tinib hydrochloride), Taxol™ (paclitaxel), Taxotere™ (doc-
etaxel), Xalkori™ (crizotinib), and Zykadia™ (ceritinib).
Suitable drug combinations for treating non-small ell lung
cancer include, but are not limited to, carboplatin and taxol,
and gemcitabine, and cisplatin.

[0191] Suitable drugs for treating small cell lung cancer
include, but are not limited to, Abitrexate™ (methotrexate),
Afinitor™ (everolimus), doxorubicin hydrochloride, Eto-
pophos™  (etoposide phosphate), etoposide, Folex™
(methotrexate), Hycamtin™ (topotecan hydrochloride),
Mexate™ (methotrexate), and Mustargen™ mechlore-
thamine hydrochloride).

[0192] Pharmaceutical compounds that can be used in
combination with a VEGFR-3 and a cancer immune-modu-
lating therapy such as an immune checkpoint inhibitor and
(0) VEGFR-2 antagonist: (1) inhibitors of release of “angio-
genic molecules,” such as bfGF (basic fibroblast growth
factor); (2) neutralizers of angiogenic molecules, such as an
anti-ObHGF antibody; and (3) inhibitors of endothelial cell
response to angiogenic stimuli, including collagenase inhibi-
tor, basement membrane turnover inhibitors, angiostatic
steroids, fungal-derived angiogenesis inhibitors, platelet fac-
tor 4, thrombospondin, arthritis drugs such as D-penicil-
lamine and gold thiomalate, vitamin D3 analogs, alpha
interferon, and the like.
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[0193] G. Angiogenesis Inhibitors

[0194] The methods described herein may be conducted in
combination with administering one or more angiogenesis
inhibitors. Compounds that inhibit angiogenesis include, for
example, endostatin protein or derivatives, lysine binding
fragments of angiostatin, melanin or melanin-promoting
compounds, plasminogen fragments (e.g., Kringles 1-3 of
plasminogen), troponin subunits, antagonists of vitronectin,
peptides derived from Saposin B, antibiotics or analogs
(e.g., tetracycline, or neomycin), dienogest-containing com-
positions, compounds comprising a MetAP-2 inhibitory core
coupled to a peptide, the compound EM-138, chalcone, and
its analogs, and naaladase inhibitors.

[0195] Depending on the combinatory therapy, adminis-
tration of the polypeptide therapeutic agents may be con-
tinued while the other therapy is administered and/or there-
after. Administration of the therapeutic agents can be made
in a single dose or in multiple doses. In some instances,
administration of the therapeutic agents can begin at least
several days prior to the conventional therapy, while in other
instances, the administration can begin either immediately
before or at the time of the administration of the conven-
tional therapy.

[0196] Although the disclosure described herein is sus-
ceptible to various modifications and alternative iterations,
specific embodiments thereof have been described in greater
detail above. It should be understood, however, that the
detailed description of the composition is not intended to
limit the disclosure to the specific embodiments disclosed.
Rather, the disclosure is intended to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the disclosure as defined by the claim language.

Definitions

[0197] The compounds described herein have asymmetric
centers. Compounds of the present disclosure having an
asymmetrically substituted atom may be isolated in optically
active or racemic form. All chiral, diastereomeric, racemic
forms and all geometric isomeric forms of a structure are
intended unless the specific stereochemistry or isomeric
form is specifically indicated.

[0198] “Inhibiting an established tumor metastasis™ refers
to decreasing the size and/or rate of growth of metastasis,
which has already been established. Established metastases
include metastases in lymph nodes (regional metastases) and
distant organs (systemic metastases).

[0199] “Lymphangiogenesis” refers to the growth of new
lymphatic vessels.

[0200] “Therapeutically effective” applied to dose or
amount refers to that quantity of a pharmaceutical compo-
sition sufficient to result in a desired therapeutic activity
upon administration to a subject in need thereof, or sufficient
to reduce or eliminate at least one symptom of the disease
being treated.

[0201] “Subject” means any animal, including mammals.
The term may refer to a human, a non-human primate, a
bovine, an ovine, an equine, a porcine, a canine, a feline, or
a rodent (mouse or rat).

[0202] When introducing elements of the present disclo-
sure or the embodiments(s) thereof, the articles “a,” “an,”
“the,” and “said” are intended to mean that there are one or
more of the elements. The terms “comprising,” “including,”
and “having” are intended to be inclusive and mean that
there may be other elements other than the listed elements.
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[0203] Having described the disclosure in detail, it will be
apparent that modifications and variations are possible with-
out departing from the scope of the disclosure defined in the
appended claims.

EXAMPLES

[0204] The following examples are included to show
certain embodiments of the disclosure. It should be appre-
ciated by those of skill in the art that the techniques
disclosed in the examples represent techniques discovered
by the inventors to function well in the practice of the
disclosure. Those of skill in the art should, however, con-
sidering the present disclosure, appreciate that many
changes can be made in the specific embodiments disclosed
and still obtain a like or similar result without departing from
the spirit and scope of the disclosure, therefore all matter set
forth is to be interpreted as illustrative and not in a limiting
sense.

Example 1—FEvaluation of Dysregulated Lymphatic
System in Lung Cancer Patients Treated with PD-1
Inhibitor Immunotherapy

[0205] Patients with advanced or metastatic lung cancer
were treated with an inhibitor of PD-1. Their lymphatic
systems are evaluated for dysfunction. In one instance,
lymphatic system evaluation was performed with serum
measurements of VEGF C, VEGF D, or midkine in patients
before starting therapy or during treatment. In other
instances, the dysfunction was measured with pretreatment
imaging studies and/or similar imaging across the treatment
with immunotherapy therapy, including either computed
tomography, MRI, and nuclear medicine tests, including
PET imaging or ventilation-perfusion scans.

[0206] Patients with dysregulated lymphatic systems
(“biomarker positive”) did significantly worse across the
objective measures of response based on progression-free
survival, overall survival, durable response, and objective
response as found by Response Evaluation Criteria in Solid
Tumors (RECIST 1.1) and by immune-related response
criteria (irRC).

[0207] Only patients with measurable disease at baseline
were included in protocols where objective tumor response
was the primary endpoint. “Measurable disecase” was the
presence of at least one measurable lesion. If the measurable
disease was restricted to a solitary lesion, neoplasticity was
confirmed by cytology/histology. Measurable lesions could
be measured in at least one dimension with the longest
diameter of about 20 mm using conventional techniques or
about 10 mm with spiral CT scan. Non-measurable lesions
included small lesions (longest diameter <20 mm with
conventional techniques or <10 mm with spiral CT scan),
bone lesions, leptomeningeal disease, ascites, pleural/peri-
cardial effusion, inflammatory breast disease, lymphangitis
cutis/pulmonitis, cystic lesions, and abdominal masses not
confirmed or followed by imaging techniques. All baseline
evaluations were performed as closely as possible to the
beginning of treatment and not more than 4 weeks before the
beginning of the treatment. The same method of assessment
and the same technique characterized each reported lesion at
baseline and during follow-up.

[0208] Conventional CT and MRI were performed with
cuts of 10 mm or less in slice thickness contiguously. Spiral
CT was performed using a 5-mm contiguous reconstruction
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algorithm. This is applied to tumors of the chest, abdomen,
and pelvis. Head and neck tumors and those of extremities
followed specific protocols. Lesions on chest X-ray were
acceptable as measurable lesions when they were defined
and surrounded by aerated lung.

[0209] Tumor markers alone could not assess response. If
markers were initially above the upper normal limit, they
must normalize for a patient to be in complete clinical
response when all lesions disappeared. Cytology and histol-
ogy differentiated between partial and complete responses.
Target lesions were selected based on size (lesions with the
longest diameter) and suitability for exact repeated measure-
ments (either by imaging techniques or clinically). A sum of
the longest diameter (D) for all target lesions was calcu-
lated and reported as the baseline sum LD. The baseline sum
LD was the reference by which the objective tumor was
characterized. Other lesions (or sites of disease) were iden-
tified as non-target lesions and recorded at baseline. Mea-
surements of these lesions are not needed, but the presence
or absence of each was noted throughout follow-up.
[0210] “Complete Response” (CR) was the disappearance
of all target lesions or the disappearance of all non-target
lesions and normalization of tumor marker level.

[0211] “Partial Response” (PR) was at least a 30%
decrease in the sum of the longest diameter of target lesions,
referring to the baseline sum longest diameter.

[0212] “Progressive Disease” (PD) was at least a 20%
increase in the sum of the longest diameter of target lesions,
referring to the smallest sum longest diameter recorded since
starting a treatment or one or more new lesions appeared. PD
is also the appearance of one or more new lesions and/or
unequivocal progression of existing non-target lesions.
[0213] “Incomplete Response™ or “Stable Disease” (SD)
had neither sufficient shrinkage to qualify for PR nor suffi-
cient increase to qualify for PD, referring to the smallest sum
LD since the treatment started. SD had the persistence of one
or more non-target lesions and/or maintenance of tumor
marker level above the normal limits.

[0214] Although the progression of only “non-target”
lesions was exceptional, in such circumstances, the opinion
of the treating physician prevailed, and the review panel or
the study chair later confirmed the progression status. The
best overall response was the best response recorded from
the start of the treatment until disease progression/recur-
rence, referring to PD for the smallest measurements
recorded since the treatment started. The patient’s best
response assignment depends on achieving both measure-
ment and confirmation criteria, as shown in Table 1:

TABLE 1

Response measurements

Target lesions  Non-Target lesions New Lesions  Overall response

CR CR No CR
CR Incomplete No PR
response/SD
PR Non-PD No PR
SD Non-PD No SD
PD Any Yes or No PD
Any PD Yes or No PD
Any Any Yes PD
[0215] Patients with a global deterioration of health status

needing discontinuation of treatment without objective evi-
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dence of disease progression were classified as having
“symptomatic deterioration.” Objective progression was
documented even after discontinuation of treatment. In some
circumstances, it was difficult to distinguish the residual
disease from normal tissue. When the evaluation of com-
plete response depended on this determination, the residual
lesion was investigated using a fine needle aspirate or biopsy
to confirm the complete response status. Confirmation of
objective response avoided overestimating the response rate
seen. Where confirming the response was not feasible, the
response reports stated such.

[0216] To be assigned a status of PR or CR, changes in
tumor measurements were confirmed by repeat assessments
no less than 4 weeks after the criteria for response were first
met. Longer intervals from the study protocol were also
proper. For SD, follow-up measurements met the SD criteria
at least once after study entry at a minimum interval (in
general, not less than 6-8 weeks) defined in the study
protocol. The duration of overall response was measured
from the time measurement criteria were met for CR or PR,
whichever status was first recorded, until the first date that
recurrence or PD was objectively documented referring to
PD for the smallest measurements recorded since the treat-
ment started.
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respond to treatment (disease progression). Thus, an incor-
rect treatment schedule or drug administration did not
exclude them from the analysis of the response rate. Precise
definitions for categories 4-9 were protocol specific.
[0220] Conclusions were based on all eligible patients.
Analyses of a subset of patients excluded those with major
protocol deviations, such as early death for other reasons,
early discontinuation of treatment, major protocol viola-
tions, etc. However, the conclusion for treatment efficacy
was not drawn from the analyses of subsets. The reasons for
excluding patients from the analysis were reported. More-
over, the 95% confidence intervals were provided.

[0221] FIG. 3 shows progression-free survival (%) as a
function of time in days for cancer treatment using immune
modifying therapy. Biomarker positive patients had a
median survival of 50 days. Biomarker negative patients had
a median survival of 151 days. HR for progression or death
was 0.48 (95% CI, 025.-0.91), at P<0.025. Table 2 shows the
Cox proportional hazard model progression-free survival for
patient subsets, including age, race, dosing, smoking status,
type of lung cancer, EGFR mutation, or prior systemic
therapies. Table 2 reports the hazard ratio, standard devia-
tion, z value, p-value related to the absolute value of z, and
the 95% confidence interval.

TABLE 2

Cox Proportional Hazard Mode Progression-Free Survival (PFS)

Log likelihood = —281.59881 Prob > chi2 = 0.0468

_t Haz. Ratio  Std. Err. z P>zl [95% Conf. Interval]

2.092233  .6869697 2.25 0.025 1.09932 3.981952
age651 1.026221  .2587925  0.10 0918 16260152 1.682275
racewhitelasian2hispanic3 9691919 .1316666 -0.23 0.818 7426299  1.264874
dosingq321q3102q2103 873988  .1517212 -0.78 0.438 6219277 1.228206
SmokingStatuspositiveorform 6987349 1975865 -1.27 0.205 14014319 1.216222
TypeofLungCanceradenocompo ~ 1.438827 4424634  1.18 0.237 7874985  2.628859
EGFRmtlmutant 1.190704 3369266  0.62 0.537 6838242 2.073306
priorsystemictherapiesl 9473828 2945776 -0.17 0.862 5150558  1.742596

[0217] SD was measured from the start of the treatment
until the criteria for disease progression were met, referring
to the smallest measurements recorded since the treatment
started. The clinical relevance of the duration of SD varied
for different tumor types and grades. Therefore, it was highly
recommended that the protocol specified the minimal time
interval between two measurements for determining SD.
This time interval considered the expected clinical benefit,
such a status brought to the studied population.

[0218] For trials where the response rate was the primary
endpoint, all responses were reviewed by an independent
expert at the study’s completion, including a simultaneous
review of the patients’ files and radiological images.

[0219] All patients included in the study were assessed for
response to treatment, even if treatment majorly deviated
from protocol or if they were ineligible. Each patient was
assigned to (1) complete response, (2) partial response, (3)
stable disease, (4) progressive disease, (5) early death from
malignant disease, (6) early death from toxicity, (7) early
death because of other cause, or (9) unknown (not assess-
able, insufficient data). All patients who met the eligibility
criteria were included in the main analysis of the response
rate. Patients in response categories 4-9 should fail to

[0222] FIG. 4 shows the objective response of partial
responses or complete responses (PR/CR). The first partial
responses were denoted by ellipses. The solid triangles show
ongoing responses. Biomarker negative patients had an
N=18/95 (19%). Biomarker Positive patients had an N=0/95
(0%).

[0223] FIG. 5 shows the durable clinical response for the
stable disease (SD) or partial response (PR) lasting at least
180 days. Lines 1-26 were biomarker negative patients. Line
27 was a biomarker positive patient.

[0224] As seen from the data presented above, patients
without a dysregulated lymphatic system had a strikingly
significant improvement in survival, thus confirming lym-
phatic system status for deciding treatment response in
cancer patients treated with immune-modulating therapies.
Further, statistical analysis showed that a dysregulated lym-
phatic system in this cohort was the single strongest factor
for predicting response. The dysregulated lymphatic system
outweighed other known important prognostic and predic-
tive factors, including age, race, immunotherapy dosing,
total tumor burden, gender, smoking and mutation status,
and lung cancer cell type. (See especially Table 2.)
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Example 2—Treatment of Advanced and Metastatic
Lung and Breast Cancers with Modulators of
Lymphatic Biology Plus Immunotherapy Results in
Improved Outcomes

[0225] One to two million cells of either LL.C lung cancer
or 4T1 breast cancer cells are subcutaneously implanted into
syngeneic mice (C57 Black 6 and BALB/c). Animals are
treated with vehicle alone as a control, with chemotherapy
(cisplatin), or with immunotherapy alone (anti-PD-1 mAb).
Animals are imaged by intravascular ultrasound (IVUS),
CT/PET, or MRI, for growth of the primary tumor and for
metastatic spread of the tumor. Blood samples are obtained
for a multiplexed measure of serum biomarkers of lymphatic
biology function (Millipore mouse 24 plex; MAGPMAG-
24K). Around Study Day 10, animals are injected with 1-1.5
million more tumor cells into the tail vein. Between Study
Days 13 and 16, the primary tumor is surgically resected,
and animals resume treatment.

[0226] Treatment groups include (1) anti-PD-1 mAb
alone; (2) anti-PD-1-mAb plus lymphatic system modulator
(anti-VEGF C or anti-VEGF R3 mAb, or SAR131675); (3)
cisplatin alone; (4) lymphatic system modulator (anti-VEGF
C or anti-VEGF R3 mAb, or SAR131675) plus cisplatin;
and (5) negative control (no treatment).

[0227] Animals are imaged weekly, and blood for serum
multiplex measurements is continued and evaluated. Sur-
vival studies and analyses are performed, and animals are
evaluated based on overall survival, progression-free sur-
vival, objective and durable response, and serum biomarker
measurements. Lung tissue, lymphatics, and regional lymph
nodes and tumor tissue are concurrently evaluated upon
animal sacrifice for functional immune evaluation and
analysis of the tumor and disease analysis.

[0228] Results show that animals do not respond to anti-
PD-1 and show no to marginal response to cisplatin. This
effect is more pronounced in those groups with dysregulated
lymphatic systems as measured by the imaging tests and
serum biomarkers tests. However, adding a lymphatic sys-
tem modulator to either the anti-PD-1 mAb or the cisplatin-
treated groups results in marked significant improvement.
Measured outcomes include progression-free survival,
objective and durable responses, and improvement in bio-
marker profiles.

[0229] Tumor growth is augmented in non-lymphatic sys-
tem modulator treated mice, compared to mice treated with
a lymphatic system modulator combination. Expression of
inflammatory cytokines such as IFN-y, TNF-a, IL.-2, and
IL-10 in draining lymph nodes is significantly reduced in
non-lymphatic modulator treated mice. Moreover, decreased
levels of tumor-associated antigens are detected in draining
lymph nodes in these mice, together with impaired antigen
presentation. CD8+ T cells in draining lymph nodes derived
from non-lymphatic system modulator treated mice also
show significantly decreased cytotoxic activity in vitro.
Finally, tumor suppression activity of CD8+ T cells derived
from non-lymphatic system modulator treated mice was
reduced when adoptively transferred to naive wild-type
mice.

[0230] In contrast, the reverse is seen in the lymphatic
system modulator treated mice with restoration or augmen-
tation of immune response and antigen presentation and
immune cell priming. IFN-y enzyme-linked ImmunoSpot
(ELISAPOT) assay, which enables direct quantification of
immune responses, similarly show decreased activity. Simi-
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lar findings are seen with myeloid derives suppressor cells,
T regulatory cells, and inhibitory macrophages (M2), which
are increased in the tumor and lymph nodes and decreased
in antigen-presenting cells (e.g., cross-presenting CD8+ T
cells, and dendritic cells and M1 cells in the supporting and
draining lymph nodes) in the nonlymphatic modulating
system treated mice that also have worse outcomes. Addi-
tionally, lymphatic vessels show increased expression of
PD-1 and blocking PDL1 with lymphatic system modulators
results in increased T-cell stimulation by antigen-presenting
lymphatic endothelial cells (LECs) in vitro overcoming
peripheral, tumor-associated lymphatic endothelium associ-
ated T-cell inhibition.

[0231] These findings support that lymphatic transport is
essential in generating optimal tumor-specific immune
responses mediated by CD8+ T cells. Lymphatic transport is
impaired in subjects with dysfunctional lymphatic systems.
Concurrent treatment with a lymphatic modulator (e.g.,
SAR131675, or anti-VEGF-C, or Anti-VEGF R3 m AB) and
either an immune modulator (e.g., checkpoint inhibitor) or
chemotherapy (e.g., cisplatin) can overcome this inhibition
and results in functional immunological improvements.
[0232] Although animals treated with lymphatic modula-
tor improve regardless of treatment (such as with the con-
current treatment with immunotherapy or with cisplatin), the
degree of improvement across objective measures directly
correlates with underlying lymphatic dysfunction. These
results, therefore, confirm that lymphatic modulating agents
have a profound synergistic effect with immunotherapy
and/or chemotherapy in syngeneic animal models, where
these drugs alone have little to no effect by themselves.
Further, this effect is mechanistically related to priming and
facilitation of the immune system and/or overcoming
immune barriers associated with or aided by the tumor.

Example 3

[0233] Treatment with lymphatic system modulators with
immune-modulators or chemotherapy significantly
improves objective outcomes in mice with advanced or
metastatic cancer with dysregulated lymphatic systems and
prevents the progression to lymphatic carcinomatosis, a
form of severe lymphatic dysregulation in subjects with
cancet.

[0234] The experiments from Example 2 are performed
using the same animal models (4T1 and LLC) in syngeneic
mice. Another group of tumor cells is transfected to over-
express VEGF-C to stimulate severe lymphatic dysregula-
tion. Overexpression of VEGF C by tumor cells can result in
a severe lymphatic dysregulation and an extremely aggres-
sive lymphangitic carcinomatosis, which is a subset of the
groups of dysregulated lymphatic disorders resistant to
immunotherapy (Example 1). When treated with a lym-
phatic system modulator, outcomes are profoundly
improved in both objective and immune/functional (Ex-
ample 2). In this experiment, it is evaluated whether
advanced tumors with inherent lymphatic dysregulation or
with exaggerated lymphatic dysregulation driven by VEGF
C hyperexpression can be treated and whether treatment can
prevent mice with cancers from progressing to severe lymp-
hangitic carcinomatosis.

[0235] Treatment groups include (1) anti-PD-1 mAb
alone; (2) anti-PD-1-mAb plus lymphatic system modulator
(anti-VEGF C or anti-VEGF R3 mAb, or SAR131675); (3)
cisplatin alone; (4) lymphatic system modulator (anti-VEGF
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C or anti-VEGF R3 mAb, or SAR131675) plus cisplatin;
and (5) negative control (no treatment).

[0236] All mice, especially mice (both 4T1 and LLC) with
dysregulated lymphatic systems as measured by imaging,
and functional assays, are highly and significantly respon-
sive to lymphatic system modulators plus immune-modula-
tor or chemotherapy, both functionally and by objective
measures. (These are similar objective measures as those
described in Example 2.) This finding is more pronounced in
the VEGF-C overexpressing animal models with exagger-
ated lymphatic dysfunction and in those with lymphatic
carcinomatosis. Animals with lymphangitic carcinomatosis
also improve in imaging and functional measurements (Ex-
ample 2) when treated with a lymphatic system modulator
plus either immunomodulatory or chemotherapy. This
therapy can potentially treat and overcome this highly
aggressive form of advanced cancer.

[0237] Further, a preventative treatment with a lymphatic
system modulator alone (SAR131675, anti-VEGF-C, or
anti-VEGF R3) or with an immune modulator or chemo-
therapy significantly improves objective and functional out-
comes in these animals. The treatment prevents the devel-
opment of further dysregulated lymphatic dysfunction, such
that no mouse progresses to lymphangitic carcinomatosis.
These studies show that lymphatic system modulators with
immune modulators or chemotherapy treated aggressive
tumors, some of which had lymphatic dysfunction and
aggressive lymphangitic carcinomatosis, and prevents the
progression and development of lymphatic carcinomatosis.

Example 4

[0238] In examining a subset of patients from Example 1,
tumors responded to checkpoint inhibition based upon lym-
phatic dysfunction, independent of PD-1/L1, DNA mis-
match repair status, microsatellite instability status, or
hypermutant status/tumor neoantigen burden.

[0239] Patients with advanced or metastatic lung cancer
were treated with an inhibitor of PD-1. Patients with a low
or negative PD-L1 tumor proportion score (TPS) were
evaluated as specified by the drug label, and thus not
indicated for the drug and not expected to respond. Their
lymphatic systems were evaluated for dysfunction. In one
instance, lymphatic system evaluation was performed with
serum measurements of VEGF C, VEGF D, or heparin-
binding factor midkine in patients before therapy or during
treatment. In other instances, the dysfunction was measured
with pre-treatment imaging studies and/or similar imaging
across the treatment with immunotherapy therapy, including
computed tomography, MRI, and nuclear medicine tests,
including PET imaging or ventilation-perfusion scan.
[0240] Evaluating objective measures of response in these
patients based on progression-free survival, overall survival,
and durable and objective response (RECIST 1.1) and by
immune-related response criteria (irRC) confirmed that
patients with dysregulated lymphatic systems (designated as
“Biomarker Positive” groups) did significantly worse across
all these objective measures (overall survival, progression-
free survival, objective response, and durable clinical
response).

[0241] Keytruda™ product label teaches to the contrary.
Pembrolizumab (formerly MK-3475 and lambrolizumab,
trade name Keytruda™) is a humanized antibody used in
cancer immunotherapy. It blocks a protective mechanism on
cancer cells and allows the immune system to destroy those
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cancer cells. It targets the programmed cell death 1 (PD-1)
receptor. It is indicated for patients with metastatic NSCLC
whose tumors have high PD-L.1 expression with a tumor
proportion score (TPS) of at least 50%, as determined by an
FDA-approved test, with no epidermal growth factor recep-
tor (EGFR) or anaplastic lymphoma kinase (ALK).
Keytruda™ is also indicated for patients with metastatic
NSCLC whose tumors express PD-L1 (TPS of at least 1%),
as determined by an FDA-approved test, with disease pro-
gression on or after platinum-containing chemotherapy. That
is, the art teaches that patients with low PD-L.1 levels cannot
be treated.

[0242] Opdivo™ is a programmed death receptor-1 (PD-
1) blocking antibody. Also known as, nivolumab is indicated
for adult and pediatric (12 years and older) patients with
microsatellite instability-high (MSI-H) or mismatch repair
deficient (AMMR) metastatic colorectal cancer that has
progressed following treatment with fluoropyrimidine, oxa-
liplatin, and irinotecan. Again, the art teaches that patients
with low PD-L1 levels cannot be treated.

[0243] However, contrary to teaching in the art, patients
without a dysregulated lymphatic system, yet who were not
expected to respond based on their PD-L1 TPS, had a
striking response to the therapy with a significant duration of
overall and progression-free survival, thus confirming that
the lymphatic system critically determined response to
immune checkpoint therapy.

[0244] Further, statistical analysis showed that the pres-
ence of a dysregulated lymphatic system in this cohort was
the single strongest factor for predicting response, outweigh-
ing other known important prognostic and predictive factors
including age, race, immunotherapy dosing, total tumor
burden, gender, smoking, and mutation status, and lung
cancer cell type. Similar results were seen in patients treated
with PD-L1 inhibitors, with low neoantigen burdens, hyper-
mutant status, and the tumor types shown not to respond to
checkpoint inhibition therapy described above.

[0245] FIG. 6 shows overall survival (% alive) as a
function of time in days. Biomarker positive patients sur-
vived a median of 47 to 67 days. Biomarker negative
patients survived a median of 445 days.

[0246] FIG. 7 shows progression-free survival (%) as a
function of time in days. Biomarker positive patients had a
median survival of 47 to 68 days. Biomarker negative
patients had a median survival of 189 days.

[0247] Thus, dysregulated lymphatic systems were a pow-
erful predictor of response to immune-modulating therapies
independent of the art, which teaches that PD-L.1/PD-1 TPS
and hypermutant/neoantigen status were critical determi-
nants of response. Certain tumors types, such as triple-
negative breast cancer, colon, pancreatic, glioblastoma mul-
tiforme (GBM), prostate cancer, inflammatory, and ER+/
HER2+ breast cancers, did not respond well to these
therapies.

Example 5—Specificity of Monoclonal Antibodies
Against Flt4

[0248] The purified recombinant Fms-related tyrosine
kinase 4 (Flt4) extracellular domain-6xHis fusion product
was labeled with europium, according to Mukkala et al.,
Anal. Biochem, 176(2):319-325 (1989), with the following
modification: a 250 times molar excess of isothiocyanate
OTTA-Eu (N1 chelate, WALLAC, Finland) was added to the
FIt4 solution (0.5 mg/ml in PBS), and the pH was adjusted
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to about 9 by adding 0.5 M sodium carbonate buffer, pH 9.8.
The labeling was performed overnight at +4° C. Unbound
label was removed using PD-10 (Pharmacia, Sweden) with
TSA buffer (50 mM Tris-HCI, pH 7.8, containing 0.15 M
NaCl) as eluent.

[0249] After purification, 1 mg/mL bovine serum albumin
(BSA) was added to the labeled Flt4, and the label was
stored at +4° C. The average number of europium ions
incorporated per Flt4 molecule was 1.9, as determined by
measuring the fluorescence in a ratio to that of known EuCl3
standards (Hemmila et al., Aral. Biochem., 137:335-343
(1984)).

[0250] The antibodies were screened using a Sandwich-
type immunofluorometric assay, using microtitration strip
wells (NUNC, polysorb) coated with rabbit anti-mouse 1 g
(Z 259, DAKOPATTS). The pre-coated wells were washed
once by Platewash 1296-024 (WALLAC) with DELFIA
wash solution. The DELFIA assay buffer was used as a
dilution buffer for cell culture supernatants and for the serum
of'the splenectomized mouse (at dilutions between 1:1000 to
1:100,000) used as a positive control in the preliminary
screening assay. An overnight incubation at +4° C. (or
alternatively for 2 hours at room temperature) was begun by
shaking on a Plateshake shaker (1296-001, WALLAC) for 5
minutes followed by washing four times with wash solution
as described above.

[0251] The europium-labeled F1t4 was added at a dilution
of 1:500 in 100 mL of the assay buffer. After 5 minutes on
a Plateshake shaker and one-hour incubation at room tem-
perature, the strips were washed as described above.
[0252] The enhancement solution (DELFIA) was added at
200 pL/well. The plates were then shaken for 5 minutes on
a Plateshake shaker, and the intensity of fluorescence was
measured by ARCUS-1230 (WALLAC) for 10-15 minutes.
(Lovgren et al., In: Collins W. P. (Ed.) Alternative immuno-
assays, John Wiley & Sons Ltd. (1985), pp. 203-216). The
DELFIA results show that all monoclonal antibodies tested
bound the F1t4 EC antigen.

[0253] Monoclonal antibodies reactive with the Flt4 (and
the hybridomas which produce the antibodies) were selected
for further screening. The resulting monoclonal antibodies
were used in double-antibody immunofluorescence staining
of NIH3T3 cells expressing the LTR-FLT41 construct and
neomycin-resistant transfected NIH3T3 cells: The cells were
detached from the culture plates using EDTA, stained, and
analyzed in a fluorescence-activated cell sorter (FACS). The
results of FACS analysis are given as percentages of cells
staining positive with the indicated monoclonal antibody.
[0254] The FACS results with LTR-FLT41-transfected
cells indicate that the antibodies effectively recognize Flt4-
expressing cells. These same antibodies give only back-
ground staining of neomycin phosphotransferase-trans-
fected NIH3T3 cells. Thus, the antibodies specifically
recognize the FIt4 tyrosine kinase on the cell surface.
[0255] One clone, designated anti-F1t4 hybridoma 9D9F9,
was found to stably secrete monoclonal antibody which was
determined to be of immunoglobulin class IgG1 by immu-
nofluorometric assay (IFMA). Hybridoma 9D9F9 was
deposited with the Leibniz Institute, DSMZ-German Col-
lection of Microorganisms and Cell Cultures GmbH,
Inhoffenstrafe 7B, 38124 Braunschweig, Germany, Mar. 23,
1995, and given accession No. ACC 2210.

[0256] While specific embodiments have been described
above regarding the disclosed embodiments and examples,
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such embodiments are only illustrative and do not limit the
scope of the disclosure. Changes and modifications can be
made following ordinary skill in the art without departing
from the disclosure in its broader aspects as defined in the
following claims.

1-49. (canceled)

50. A method to treat cancer in a subject in need of
inhibition of lymphangiogenesis, comprising:

a. administering to the subject, who had been determined
to have a dysregulated lymphatic system, a therapeu-
tically effective amount of a first monoclonal antibody
that targets PD-1 or PD-L1 to antagonize immune
checkpoint inhibition, thereby inducing an immune
modifying effect in the subject; and

b. further administering to the subject a therapeutically
effective amount of a second monoclonal antibody,
before or concurrent with the administration of the first
monoclonal antibody, wherein the second monoclonal
antibody binds to the extracellular domain of VEGFR-
3, and wherein the second monoclonal antibody inhib-
its the lymphangiogenesis in the subject.

51. The method of claim 50, wherein the first monoclonal

antibody is a chimeric or humanized antibody.

52. The method of claim 50, wherein the first therapeutic
antibody targets PD-1.

53. The method of claim 50, wherein the first therapeutic
antibody targets PD-L.1.

54. The method of claim 52, wherein the first monoclonal
antibody chosen from pembrolizumab, nivolumab, or a
combination thereof.

55. The method of claim 50, wherein the second mono-
clonal antibody is a chimeric or humanized antibody.

56. The method of claim 50, wherein the second mono-
clonal antibody is administered before the first therapeutic
antibody.

57. The method of claim 50, wherein the second thera-
peutic antibody is administered concurrently with the first
therapeutic antibody.

58. The method of claim 50, wherein the dysregulated
lymphatic system is further characterized by one or more
conditions chosen from abnormal lymphatic development,
lymphatic proliferation, lymphangiogenesis, impaired lym-
phatic vessel function, dysregulated lymphatic vessel func-
tion, augmented tumor cell lymphatic infiltration, lymphan-
gitic carcinomatosis, abnormal functioning or homeostatic
regulation, lymphatic remodeling, physical pressure upon
lymphatics, altered tumoral lymphatic development, altered
tumoral lymphangiogenesis, and output blockage of lym-
phatic structures in lymphatic organs.

59. The method of claim 50, wherein the cancer is chosen
form lung cancer, breast cancer, a cancer of the gastrointes-
tinal tract, a cancer of unknown origin, head and neck
cancer, bladder cancer, prostate cancer, skin cancer, kidney
cancer, a primary brain tumor, ocular tumor, sarcoma, a
cancer of primary soft tissue, mesenchymal cancer, bone
cancer, a tumor of the lymphatic system, and leukemia.

60. The method of claim 58, wherein the cancer is lung
cancer, and the method further comprises administering one
or more drugs chosen from afatinib dimaleate, alectinib,
bevacizumab, carboplatin, ceritinib, crizotinib, docetaxel,
doxorubicin, erlotinib, etoposide, everolimus, gefitinib,
gemcitabine, mechlorethamine, methotrexate, necitu-
mumab, nivolumab, osimertinib, paclitaxel, paclitaxel albu-
min-stabilized nanoparticles, pembrolizumab, pemetrexed,
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ramucirumab, topotecan, vinorelbine, pharmaceutically
acceptable salts thereof, and combinations thereof.

61. A method to treat cancer in a subject in need of
inhibition of lymphangiogenesis, comprising:

a. selecting the subject with a condition of a dysregulated

lymphatic system comprising lymphangiogenesis;

b. administering to the subject a therapeutically effective
amount of a first monoclonal antibody that targets PD-1
or PD-L1 to antagonize immune checkpoint inhibition,
thereby inducing an immune modifying effect in the
subject; and

c. further administering to the subject a therapeutically
effective amount of a second monoclonal antibody,
before or concurrent with the administration of the first
monoclonal antibody, wherein the second monoclonal
antibody binds to the extracellular domain of VEGFR-
3, and wherein the second monoclonal antibody inhib-
its the lymphangiogenesis in the subject.

62. The method of claim 61, wherein the first monoclonal

antibody is a chimeric or humanized antibody.

63. The method of claim 61, wherein the first therapeutic
antibody targets PD-1.

64. The method of claim 61, wherein the first therapeutic
antibody targets PD-L.1.

65. The method of claim 63, wherein the first monoclonal
antibody chosen from pembrolizumab, nivolumab, or a
combination thereof.

66. The method of claim 61, wherein the second mono-
clonal antibody is a chimeric or humanized antibody.

67. The method of claim 61, wherein the second mono-
clonal antibody is administered before the first therapeutic
antibody.
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68. The method of claim 61, wherein the second thera-
peutic antibody is administered concurrently with the first
therapeutic antibody.

69. The method of claim 61, wherein the dysregulated
lymphatic system is further characterized by one or more
conditions chosen from abnormal lymphatic development,
lymphatic proliferation, lymphangiogenesis, impaired lym-
phatic vessel function, dysregulated lymphatic vessel func-
tion, augmented tumor cell lymphatic infiltration, lymphan-
gitic carcinomatosis, abnormal functioning or homeostatic
regulation, lymphatic remodeling, physical pressure upon
lymphatics, altered tumoral lymphatic development, altered
tumoral lymphangiogenesis, and output blockage of lym-
phatic structures in lymphatic organs.

70. The method of claim 61, wherein the cancer is chosen
form lung cancer, breast cancer, a cancer of the gastrointes-
tinal tract, a cancer of unknown origin, head and neck
cancer, bladder cancer, prostate cancer, skin cancer, kidney
cancer, a primary brain tumor, ocular tumor, sarcoma, a
cancer of primary soft tissue, mesenchymal cancer, bone
cancer, a tumor of the lymphatic system, and leukemia.

71. The method of claim 70, wherein the cancer is lung
cancer, and the method further comprises administering one
or more drugs chosen from afatinib dimaleate, alectinib,
bevacizumab, carboplatin, ceritinib, crizotinib, docetaxel,
doxorubicin, erlotinib, etoposide, everolimus, gefitinib,
gemcitabine, mechlorethamine, methotrexate, necitu-
mumab, nivolumab, osimertinib, paclitaxel, paclitaxel albu-
min-stabilized nanoparticles, pembrolizumab, pemetrexed,
ramucirumab, topotecan, vinorelbine, pharmaceutically
acceptable salts thereof, and combinations thereof.
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