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TLR4 agonists and compositions thereof and their use in the treatment of cancer

FIELD OF THE INVENTION

The present invention relates to a method of freating cancer in a mammal. In particular the
present invention relates to the administration of one or more TLR4 agonists alone or in

combination with other anti-cancer agents.

BACKGROUND OF THE INVENTION

Effective freatment of hyperproliferative disorders including cancer is a continuing goal in the
oncology field. Generally, cancer results from the deregulation of the normal processes that
conirol cell division, differentiation and apoptotic cell death and is characterized by the
profiferation of malignant cells which have the potential for unlimited growth, local expansion
and systemic metastasis. Deregulation of normal processes include abnormalities in signal

ransduction pathways and response o factors which differ from those found in normal cells.

Immunotherapies are one approach o treat hyperproliferative disorders. A major hurdie that
scientists and clinicians have encountered in the development of various types of cancer
immunotherapies has been o break tolerance to self antigen (cancer) in order to mount a robust
anti-tumor response leading to tumor regression. Unlike fraditional development of small and
large molecule agenis that target the tumor, cancer immunotherapies farget cells of the immune
system that have the potential to generate a memory pool of effector cells o induce more

durable effects and minimize recurrences.

Aminoalkyl glucosaminide phosphales (AGPs) are synihetic ligands of the Toll-like Receplor 4
{TLR4). Certain AGPs are known o be TLR4 agonists and are useful as vaccine adjuvants and
for stimulating cylokine production, activating macrophages, promoting innate immune

response, and augmenting antibody production in immunized animals.

Though there have been many recent advances in the treatment of cancer, there remains a
need for more effective andfor enhanced freatment of an individual suflering the effects of
cancer. The compositions, combinations and methods herein that relate fo combining

therapsutic approaches for enthancing anti-tumor immunity address this need.
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SUMMARY OF THE INVENTION

Accordingly, the present invention provides TLR4 agonists, alone or in combination with anti-
cancer agenis and optionally in combination with other TLR4 agonists, for use in cancer

therapy.

There is also provided a method of treating cancer in a human with the TLR4 agonist
composition of the invention, and uses of the TLR4 agonist in combinations for therapy,

preferably for therapy for cancer.

There is further provided a method for modulating the immune response of a subject in need of
cancer treatment, preferably a human, comprising administering to said subject an sffective
amount of the TLR4 agonist alone or in combination, e.¢. in one or more pharmaceutical

compositions.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the treatment of L1210 Murine leukemia-bearing BDF1 mice with
Mitomycin-C and CRX 527.

Figure 2 is a graph showing the treatment of MOT tumor-bearing CeH/Fe.J mice with Mitomycin-
C.
Figure 3 is a graph showing Milomycin-C and CRX-527 in wild-type MOT tumor-bearing mice.

Figure 4 is a graph showing Mitomycin-C and CRX-527 in TLR4 mutant MOT tumor-bearing

mice.

Figure 5 is a graph showing a comparison of agueous, infranasal and submicron emulsion 1 ug
10 ug formulations of CRX 527.

Figure § is a graph showing a comparison of agueous, [N and submicron emulsion formulations
of CRX 527.

Figure 7 is a graph showing single combination treatment of Mitomycin-C and CRX-827.

Figure 8 is a graph showing resuits of a singie regional treaiment with Mitomycin-C followed by

a systemic treatment with CRX-527.

Figure 9 is a graph showing two regional freatmentis with Mitomycin-C followed by systemic
treatments with CRX 527.
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Figure 10 is a graph showing Intravenous CRX-527 IN combined with 1P cyclophosphamide

treating B16 melanoma lung metastasis in mice.

Figure 11-14 are photographs of tumors in the lungs of mice freated with vehicle, CRX-527

alone, cyclophosphamide alone and CRX-527 with cyclophosphamide.

Figure 15 is a graph showing tumor growth in lungs of mice (as measured by luciferase activity)
following treatment with vehicle, CRX-527 alone, cyclophosphamide alone and CRX-527 with

cyclophosphamide.

Figure 16 is a graph showing freatment of 4T 1-bearing BALB/c Mice with human grade

Cyloxan.

Figure 17 is a graph showing the effects of CRX-527 {TLR 4} on tumor growth in CT-26
syngensic mouse model.
Figure 18 is a graph showing dose dependent anii-tumor activily (as measured by tumor

volume over time) of 4, 20, or 100 ug of TLR-4 agonist (CRX-601) in a CT-26 syngeneic mouse

model of colon cancer.

Figure 19 is a graph showing dose dependent anti-tumor activity of CRX-801 administered

intratumorally CT26 Syngeneic mouse model.

Figure 20 is a graph showing dose dependent survival benefils of CRX-601 administered

intratumorally in & CT26 Syngeneic mouse maodel.

Figure 21 is a graph showing dose dependent anti-tumor activity of CRX-601 administered

intravenously in a CT26 Syngeneic mouse model.

Figure 22 is a graph showing survival benefils of CRX-601 administered intravenously in a

CT26 Syngeneic mouse mode!

Figure 23 is a graph showing anti-tumor activity of CRX-601 administered infravenously in a

CT286 Syngeneic mouse model.

Figure 24 is a graph showing anti-lumor activity of CRX-801 administered intratumorally in a

CT28 Syngeneic mouse model.

Figure 25 is a graph showing survival benefits of CRX-601 administered intravenously in a

CT26 Syngeneic mouse mode]
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Figure 26 is a graph showing survival benefils of CRX-801 administered intratumorally in a

CT26 Syngenelc mouse maodel

Figure 27 is graph showing anti-tumor activity of CRX-801 administered intravenously or

intratumorally in & CT26 Syngeneic mouse model.

Figure 28 shows graphs of anti-tumor activity in mice treated with a liposome formulation of

CRX-601 administered intratumorally.

Figure 29 is a graph showing anti-lumor activity (as measured by tumor growth inhibition over
time) of 25 ug/mouse of TLR4 agonist CRX-601 dosed infravenous Diweek for 3 doses iota,

{*p-values = 0.041, *"p-valug <0.001).

Figure 30 is a graph showing survival curves of mice treated with 25 ug/mouse of TLR4 agonist

CRX-801 dosed intravenous 1x/week for 3 doses toial (*p-value = 0.03}.

DETAILED DESCRIPTION OF THE INVENTION
Compositions and Combinations

Inducing an anti-cancer or anti-tumor effect by administration of one or more TLR4 agonists,
and in particular an AGP, is an object of one embodiment of the invention. Enhancing,
augmenting, improving, increasing, and otherwise changing the anti-tumor effect of an anti-
cancer agent by administration of a TLR4 agonist in combination with an anti-cancer agent is an
additional object of another embaodiment of the invention. Described herein are TLR4 agonist

compositions and combinations of a TLR4 agonist and an anti-cancer agent.

Thus, as used herein the term “combination of the invention” refers {0 a combination comprising
a TLR4 agonist, such as an AGP, and a cancer agent each of which may be administered

separately or simultaneously as described herein.

n oo

As used herein, the terms "cancer,” "neoplasm,” and "tumor,” are used interchangeably and in
either the singular or plural form, refer o cells that have undergone a malignant transformation
or undergone cellular changes that result in aberrant or unregulated growth or
hyperproliferation. Such changes or malignant transformations usually make such cells

pathological to the host organism, thus precancers or precancerous cells that are or could

4
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become pathological and require or could benefit from intervention are also infended 1o be
included. Primary cancer cells (that is, cells obtained from near the site of malignant
transformation) can be readily distinguished from non-cancerous cells by well-established
technigues, particularly histological examination. The definition of a cancer cell, as used herain,
includes not only a primary cancer cell, but any cell derived from a cancer cell ancestor. This
includes metastasized cancer cells, and in vitro cultures and cell lines derived from cancer celis.
When referring to a type of cancer that normally manifests as a solid tumor, a "clinically
detectabie” iumor is one that is deteciable on the basis of tumor mass; e.g., by procedures such
as CAT scan, MR imaging, X-ray, ultrasound or palpation, and/or which is delectable becauss
of the expression of one or more cancer-specific antigens in a sample obiainable from a patient.
In other words, the terms herein include cells, neoplasms, cancers, and tumors of any stage,
including what a clinician refers to as precancer, fumors, in situ growths, as well as late stage
metasiatic growths, Tumors may be hematopoietic tumor, for example, tumors of bicod cells or
the like, meaning liguid tumors. Specific examples of clinical conditions based on such a tumor
include leukemia such as chronic myelocytic leukemia or acule myelocytic leukemia; myeloma

such as mulliple myeloma; lymphoma and the like.

As used herein the term “agent” is understood o mean a substance that produces a desired
effect in a tissue, system, animal, mammal, human, or other subject. Accordingly, |, the term
“anti-cancer agent” is understood to mean a substance producing an anti-cancer effectin a
tissue, system, animal, mammal, human, or other subject and likewise the term synonymous
term “anti-neoplastic agent” is understood {o mean a substance producing an anti-neoplastic
effect in a tissue, system, animal, mammal, human, or other subject. H is also 1o be undersiood
that an “agent” may be a single compound or a combination or composition of two or more

compounds.

By the term “ireating” and derivatives thereof as used herein, is meant therapeutic therapy. In
reference 1o a particular condition, treating means: (1) to ameliorate the condition or one or
more of the biological manifestations of the condition, (2) to inlerfere with (&) one or more points
in the biological cascade that leads to or is responsible for the condition or {(b) one or more of
the biological manifestations of the condition (3) to alleviate one or more of the symptoms,
effects or side effecis associated with the condition or one or more of the sympioms, effects or
side effects associated with the condition or treatment thereof, or {4} 1o slow the progression of

the condilion or one or more of the biological manifestations of the condition.

5
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As used herein, “prevention” is understood to refer o the prophyiactic adminisiration of a drug to
substantially diminish the likelihood or severity of a condition or biological manifestation thereof,
or to delay the onset of such condition or biological manifestation thereof. The skilled artisan will
appreciats that “prevention” is not an absolule term. Prophylactic therapy is appropriale, for
example, when a subject is considered at high risk for developing cancer, such as when a
subject has a strong family history of cancer or when a subject has been exposed to a

carcinogen.

As used herein, the term "effective amount” means that amount of a drug or pharmaceutical
agent that will elicit the biological or medical response of a lissue, sysiem, animal or human that
is being sought, for instance, by a researcher or clinician. Furthermorg, the term
“therapeutically effective amount” means any amount which, as compared {0 a corresponding
subject who has not received such amount, results in improved treatment, healing, prevention,
or amelioration of a disease, disorder, or side effect, or a decrease in the rate of advancement
of a disease or disorder. The term also includes within ifs scope amounis effective {0 enhance

normal physiological function.

In one embodiment the administration of a therapeutically effective amount of the combinations
of the invention {or therapeutically effective amounis of each of the componenis of the
combination) are advantageous over the individual component compounds in that the
combinations provide one or more of the following improved properties when compared 1o the
individual administration of a therapeutically effective amount of a component compound: i) a
greater anti-cancer effect than the most aclive single agent, i} synergistic or highly synergistic
anticancer activity, i) a dosing protocol that provides enhanced anticancer activity with reduced
side effect profile, iv) a reduction in the toxic effect profile, v) an increase in the therapeutic

window, or vi) an increase in the bioavailability of one or both of the component compounds.

The invention further provides pharmaceutical compositions, which include one or more of the
TLR4 componenis referenced herein, and one or more pharmaceutically acceplable carriers,
diluents, or excipients. The combination of the invention may comprise an anti-cancer agent
and a TLR4 modulator, each of which may have the same or different carriers, diluenis or
excipients. The carrier(s), diluent(s) or excipient{s) must be acceptable in the sense of being
compatible with the other ingredients of the formulation, capable of pharmaceutical formulation,

and not deletericus 1o the recipient thereof.
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The components of the combination of the invention, and pharmaceutical compositions
comprising such components may be administered in any order, and in different routes; the
components and pharmaceutical compositions comprising the same may be administered

simultaneously.

In accordance with another aspect of the invention there is also provided a process for the
preparation of a pharmaceutical composition including admixing a component of the
combination of the invention and one or more pharmaceutically acceptable carriers, diluents or

excipients.

The components of the invention may be administered by any appropriate route. For some
components, suitable routes include oral, rectal, nasal, topical (including buccal and sublingual),
vaginal, and parenteral {including subcuianeocus, intramuscular, intraveneous, intradermal,
intrathecal, and epidural}. 1 will be appreciated that the preferred route may vary with, for
example, the condition of the recipient of the combination and the cancer o be treated. It will
also be appreciated that each of the agents administered may be adminisiered by the same or
different routes and that the components may be compounded together or in separate

pharmaceutical compositions.

in one embodiment, one or more components of a combination of the invention are
administered intravenously. In another embodiment, one or more components of a combination
of the invention are administered intratumorally. In ancther embodiment, one or more
components of a combination of the invention are administered systemically, e.g. infravenously,
and one or more cther components of a combination of the invention are administered
intratumorally. In another embodiment, all of the components of a combination of the invention
are adminisiered systemically, e.g. intravenously. In an alternative embodiment, all of the
components of the combination of the invention are administered intratumorally. In any of the
embodiments, e.g. in this paragraph, the components of the invention are administered as one

or more pharmaceutical compositions.

Antigen Binding Proteins and Antibodies

“Antigen Binding Protein (ABP)” means a protein that binds an antigen, including antibodies or
engineered molecules that function in similar ways to antibodies. Such alternative antibody

formats include triabody, fetrabody, miniantibody, and a minibody, Also included are alternative
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scaffolds in which the one or more CDRs of any molecules in accordance with the disclosure
can be arranged onto a suitable non-immunoglobulin protein scaffold or skeleton, such as an
affibody, a SpA scafiold, an LDL receptor class A domain, an avimer (see, e.g., U.S. Patent
Application Publication Nos. 2005/0053873, 2005/0089032, 2005/0164301) or an EGF domain.
An ABP also includes antigen binding fragments of such antibodies or other molecules.
Further, an ABP may comprise the VH regions of the invention formatted into a full length
antibody, a (Fab’)2 fragment, a Fab fragment, a bi-specific or biparatopic molecule or equivalent
thersof {(such as scFV, bi- tri- or telra-bodies, Tandabs eic.), when paired with an appropriate
ighi chain. The ABP may comprise an antibody that is an IgG1, igG2, 1gG3, or igG4; or Igh;
IgA, IgE or 1gD or a modified variant thereof. The constant domain of the antibody heavy chain
may be selected accordingly. The light chain constant domain may be a kappa or lambda
constant domain. The ABP may also be a chimeric antibody of the type described in

WQOB6/01533 which comprises an antigen binding region and a non-immunoglobulin region.

Thus, herein an ABP of the invention or an is one that binds a receptor, and in preferred
embodiments does one or more of the following: modulate signaling through receptor,
modulates the function of the receptor, agonize recepior signalling, stimulate receptor function,
or co-stimulate receptor signaling. One of skill in the art would readily recognize a variety of

well known assays 1o establish such funclions.

The term “antibody” as used herein refers to molecules with an antigen binding domain, and
optionally an immunogiobulin-like domain or fragment thereof and includes monocional (for
example IgG, IgM, IgA, IgD or igE and maodified variants thereof), recombinant, polyclonal,
chimeric, humanized, biparatopic, bispecific and heteroconjugate antibodiss, or a closed
conformation multispecific antibody. An "antibody” included xenogeneic, allogeneic, syngeneic,
or other modified forms thereof. An antibody may be isolated or purified. An antibody may also
be recombinant, i.e. produced by recombinant means; for example, an antibody that is 90%
identical to a reference antibody may be generated by mutagenesis of certain residues using
recombinant molecular biclogy technigues known in the art. Thus, the antibodies of the present
invention may comprise heavy chain variable regions and light chain variable regions of the
invention which may be formatted into the structure of a natural antibody or formatted info a full
fength recombinant antibody, a (Fab’}2 fragment, a Fab fragment, a bi-specific or biparatopic
molecule or sguivalent thereof {such as scFV, bi- Iri- or tatra-bodies, Tandabs stc.), when paired

with an appropriaie light chain. The antibody may be an 1gG1, 1gG2, 1gG3, origG4 ora
8
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modified variant thereof. The constant domain of the antibody heavy chain may be selecled
accordingly. The light chain constant domain may be a kappa or lambda constant domain. The
antibody may also be a chimeric antibody of the type described in W0O86/01533 which

comprises an antigen binding region and a non-immunoglobulin region.

One of skill in the arl will recognize that the ABPs and antibodies of the invention bind an
epitope of a relevant receptor. The epitope of an ABP is the region of its antigen 1o which the
ABP binds. Two ABPs bind 1o the same or overlapping epitope if each competitively inhibits
{blocks) binding of the other to the antigen. That is, a 1x, 5x, 10x, 20x or 100x excess of one
antibody inhibiis binding of the other by at least 50% but preferably 75%, 80% or even 88% as
measured in a competitive binding assay compared to a control lacking the competing aniibody
{see, e.g., Junghans et al,, Cancer Res. 50:1495, 1890, which is incorporated herein by
reference). Alternatively, two antibodies have the same epilope if essentially all amino acid
mutations in the antigen that reduce or eliminale binding of one antibody reduce or eliminale
binding of the other. Also the same epitope may include “overlapping epitopes” e.g. if some
amino acid mutations that reduce or eliminate binding of one antibody reduce or gliminate

binding of the other.

The strength of binding may be important in dosing and administration of an ABP or antibody of
the invention. In one embodiment, the ABP or antibody of the invention binds o a receplor
preferably a human receptor, with high affinity. For example, when measured by RBiacore, the
antibody binds to the receptor, , with an affinity of 1-1000nM or 500nM or less or an affinity of
200nM or less or an affinity of 100nM or less or an affinity of 50 nM or less or an affinily of
500pM or less or an affinily of 400pM or less, or 300pM or less. In a further aspect the antibody
binds to a recepior, when measured by Biacore of belween about 50nM and about 200nM or
between about 50nM and about 150nM. In one aspect of the present invention the antibody

binds the receptor with an affinity of less than 100nM.

In a further embodiment, binding is measured by Biacore. Affinity is the strength of binding of
one molecuie, e.g. an antibody of the invention, 1o another, e.g. ifs target antigen, at a single
binding site. The binding affinity of an antibody 1o its target may be determined by equilibrium
methods (e.g. enzyme-linked immunoabsorbent assay (ELISA) or radicimmuncassay (RIA)), or
kinetics {e.g. BIACORE analysis). For example, the Biacore methods known in the art may be

used to measure binding affinity.
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Avidity is the sum total of the strength of binding of two molecules o one another at multiple

sites, e.g. taking into account the valency of the interaction.

In an aspect, the equilibrium dissociation constant (KD} of the ABP or antibody and a receptor
interaction is 100 nM or less, 10 nM or less, 2 nM or less or 1 nM or less. Allernatively the KD
may be belween 5 and 10 nM; or belween 1 and 2 nM. The KD may be between 1 pM and 500
pM; or between 500 pM and 1 nM. A skilled person will appreciate that the smaller the KD
numerical value, the stronger the binding. The reciprocal of KD (i.e. 1/KD) is the equilibrium
association constant (KA) having units M-1. A skilled person will appreciate that the larger the

KA numerical value, the strongsr the binding.

The dissociation rate constant (kd) or “off-rate” describes the stability of the complex of ABP or
aniibody on one hand receptor on the other hand, i.e. the fraction of complexes that decay per
second. For example, a kd of .01 s-1 equates to 1% of the complexes decaying per second. in
an embodiment, the dissociation rate constant (kd} is 1x10-3 s-1 or less, 1x10-4 s-1 or less,
1x10-5 s-1 or less, or 1x10-6 s-1 or less. The kd may be between 1x10-5 s-1 and 1x10-4 s-1; or
between 1x10-4 s-1 and 1x10-3 s-1.

Competition between an ABP or antibody of the invention, and a reference antibody, e.g. for
binding a receptor an epitope or a fragment of the receplor, may be determined by compedtition
ELISA, FMAT or BlAcore. In one aspect, the competition assay is carried out by Biacore. There
are several possible reasons for this competition: the two proteins may bind o the same or
overiapping epitopes, there may be steric inhibition of binding, or binding of the first protein may
induce a conformational change in the antigen that prevenis or reduces binding of the second

protein.

‘Binding fragments” as used herein means a portion or fragment of the ABPs or antibodies of
the invention that include the antigen-binding site and are capable of binding a receptor as
defined herein, e.g. but not limited o capable of binding to the same epitope of the parent or full

fength antibody.
Functional fragments of the ABPs and antibodies of the invention are contemplated herein.

Thus, “binding fragments” and “functional fragments” may be an Fab and F(ab")2 fragments

which lack the Fc fragmeant of an intact antibody, clear more rapidly from the circulation, and

10
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may have less non-specific tissue binding than an intact antibody (Wahi et al., J. Nuc. Med.
24:316-325 (1983}). Also included are Fv fragments (Hochman, J. et al. {1973} Bicchemistry
12:1130-1135; Sharon, J. et al.(1976) Biochemistry 15:15891-1594). These various fragments
are produced using conventional technigues such as protease cleavage or chemical cleavage
(see, e.g., Rousseaux et al., Meth. Enzymol.,, 121:663-69 (1986)).

“Functional fragments” as used herein means a portion or fragment of the ABPs or antibodies
of the invention that include the antigen-binding site and are capable of binding the same target
as the parent ABP or antibody, &.g. but not limited {o binding the same epitope, and that also

retain one or more modulating or other functions described herein or known in the art.

As the ABPs and antibodies of the present invention may comprise heavy chain variable regions
and light chain variable regions of the invention which may be formatted into the structure of a
natural antibody, a functional fragment is one that retains binding or ong or more functions of
the full length ABP or antibody as described herein. A binding fragment of an ABP or antibody
of the invention may therefore comprise the VL or VH regions, a (Fab')2 fragment, a Fab
fragment, a fragment of a bi-specific or biparatopic molecule or equivalent thereof (such as

sckV, bi- iri- or tetra-bodies, Tandabs etc.), when paired with an appropriate light chain.

The term “CDR” as used herein, refers {o the complementarity delermining region amino acid
sequences of an antigen binding protein. These are the hypervariable regions of
immunoglobulin heavy and lght chains. There are three heavy chain and three light chain CDRs

{or CDR regions) in the variable portion of an immunogiobuiin.

it will be apparent io those skilled in the art that there are various numbering conventions for
CDR sequences; Chothia (Chothia et al. (1989) Nalure 342: 877-883), Kabat (Kabat et al,,
Sequences of Proteins of immunological Interest, 4th Ed., U.S. Department of Health and
Human Services, National Institutes of Health (1987)), AbM (University of Bath) and Contact
{University College London). The minimum overiapping region using at least iwo of the Kabat,
Chothia, AbM and contact methods can be determined o provide the "minimum binding unit”.
The minimum binding unit may be a subportion of a CDR. The structure and protein folding of
the antibody may mean that other residues are considered part of the CBR sequence and would
be understood 1o be so by a skilled person. it is noted that some of the CBR definitions may

vary depending on the individual publication used.

11
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Unless otherwise siated and/or in absence of a specifically identified sequence, references
herein o “CDR", *CDORL1Y, ‘CDRLZ”, “CDRL3”, “CDRH1Y", “CDRH2", “CDORH3" refer to amino
acid sequences numbered according to any of the known conventions; alternatively, the CDRs
are referred o as "CDR1,” "*CBR2 " *CEOR3” of the variable light chain and "CDR1,” *CDRZ,” and
“CDR3” of the variable heavy chain. In particular embodiments, the numbering convention is

the Kabat convention.

The term "CDR variant” as used herein, refers fo a CDR that has been modified by at ieast one,
for example 1, 2 or 3, amino acid substitution{s), deletion{s} or addition(s), wherein the modified
antigen binding protein comprising the CDR variant substantially refains the biological
characteristics of the antigen binding protein pre-modification. It will be appreciated that each
CDR that can be modified may be modified alone or in combination with another CDR. In one
aspect, the modification is a substitution, particularly a conservative substitution, for example as

shown in Table 1.

Table 1
Side chain Members
Hydrophohic Metl Ala, Val Leu, lle
Neutral hydrophiiic Cys, Ser, Thr
Acidic Asp, Glu
Basic Asn, Gln, His, Lys, Arg
Residues that influence chain orientation Gly, Pro
Aromatic Trp, Tyr, Phe

For example, in a variant CDR, the amino acid residues of the minimum binding unit may
remain the same, but the flanking residues that comprise the CDR as part of the Kabat or

Chothia definition(s) may be subslituted with a conservative amino acid residue.

Such antigen binding proteins comprising modified CORs or minimum binding units as
described above may be referred {o herein as “funclional CDR variants” or “functional binding

unif variants”.

The antibody may be of any species, or modified to be suitable to administer to a cross species.
For example the CDRs from a mouse antibody may be humanized for adminisiration o humans.

In any embodiment, the antigen binding protein is optionally a humanized antibody.
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A "humanized antibody” refers to a type of engineered antibody having its CDRs derived from a
non-human donor immunoglobulin, the remaining immunoglobulin-derived parts of the molecule
being derived from one (or more) human immunoglobulin(s). In addition, framework support
rasidues may be allered to preserve binding affinily {see, e.g., Queen et al., Proc. Nall Acad Sci
USA, 86:10028-10032 {1989), Hodgson et al,, Bio/Technology, 9:421 (1891)}). A suitable human
acceptor antibody may be one selected from a conventional database, e.q., the KABAT®
database, Los Alamos database, and Swiss Protein database, by homology 1o the nucleotide
and amino acid sequences of the donor antibody. A human antibody characterized by a
homology 1o the framework regions of the donor antibody {on an amino acid basis) may be
suilable to provide a heavy chain constant region andfor a heavy chain variable framework
region for insertion of the donor CDRs. A suitable acceplor antibody capable of donating light
chain constant or variable framework regions may be selected in a similar manner. It should be
noted that the acceptor antibody heavy and light chains are not required to originate from the
samne acceptor antibody.  The prior art describes several ways of producing such humanised
antibodies — see for example EP-A-0238400 and EP-A-054951.

In vet a further embodiment, the humanized antibody has a human antibody constant region
that is an IgG. In another embodiment, the IgG is a sequence as disclosed in any of the above

references or patent publications.

For nucleotide and amino acid sequences, the term “identical” or “identity” indicates the degree
of identity between two nucleic acid or two amino acid sequences when optimally aligned and

compared with appropriate insertions or deletions.

The percent identily between two sequences is a function of the number of identical positions
shared by the sequences {i.e., % identity = number of identical pesitionsfiotal number of
positions multiplied by 100), taking into account the number of gaps, and the length of each gap,
which need o be infroduced for optimal alignment of the two sequences. The comparison of
sequences and determination of percent identity between two sequences can be accomplished

using a mathematical algorithm, as described below.

Percent ideniily between a query nucleic acid sequence and a subject nucleic acid sequence is
the "ldentities” value, expressed as a percentage, which is calculated by the BLASTN algorithm

when a subject nucleic acid sequence has 100% query coverage with a query nucleic acid
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sequence after a pair-wise BLASTN alignment is performed. Such pair-wise BLASTN
alignments between a query nucleic acid sequence and a subject nucleic acid sequence are
performed by using the default settings of the BLASTN algorithm available on the National
Center for Biotechnology Institule’s website with the filter for low complexity regions turned off.
Importantly, a query nucleic acid sequence may be described by a nucleic acid sequence

identified in one or more claims herein.

Percent identily between a query amino acid sequence and a subject amino acid sequence is
the "Identities” value, expressed as a percentage, which is calculated by the BLASTP algorithm
when a subject amino acid sequence has 100% query coverage with a guery amino acid
sequence after a pair-wise BLASTP alignment is performed. Such pair-wise BLASTP
alignments between a query amino acid sequence and a subject amino acid sequence are
performed by using the defaull settings of the BLASTP algorithm available on the National
Cenier for Biotechnology Instifute’s websile with the filler for low compilexity regions turned off.
Importantly, a query amino acid seguence may be described by an amino acid seguence

identified in one or more claims herein,

In any embodiment of the invention herein, the ABP or antibody may have any one or all CDRs,
VH, VL, with 88, 88, 87, 86, 85, 84, 93, 82, 81, or 80 percent identity 1o the sequence shown or
referenced, e.g. as defined by a SEQ 1D NO.

TLR-4 agonists

The combinations of the invention comprise TLR-4 agonists, thatl is molecules that aclivate
TLR4, for example by binding and initiating conformational changes or signaling by engaging
TLR4.

Preferred TLR-4 agonists are amincalkyl glucosaminide phosphate compeounds (AGPs). Toll-
like recepior 4 recognizes bacterial LFPS ({lipopolysaccharide) and when activated initiates an
innate immune response. AGPs are a monesaccharide mimetic of the lipid A protein of
bacterial LPS and have been developed with ether and esier linkages on the “acyl chains” of the
compound. Processes for making these compounds are known and disclosed, for example, in
WO 2006/0168097, U.S. Patent Nos. 7,288,640 and 6,113,918, and WO 01/90129, which are

hereby incorporated by reference in their entireties. Other AGPs and related processes are
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disclosed in U.S. Patent No. 7,128,219, U.S. Pateni No. 6,525,028 and L1.&. Patent No
8,911,434, AGPs with ether linkages on the acy! chains employed in the composition of the
invention are known and disclosed in WO 2006/016997 which is hereby incorporated by
reference in iis entirety. Of particular interest, are the aminoalkyl glucosaminide phosphate
compounds set forth and described according o Formula (I} at paragraphs [0019] through
00217 in WO 2006/016997.

Aminoalkyl glucosaminide phosphate compounds employed in the present invention have the

structure set forth in Formula 1 as follows:

0—R,

R6'—‘O O

Y X R
Z NH nlome
Ry NH
R’ 0
0
RS

(Formula 1}
wherein
misCio6
nis 0o 4;
Xis O or &, preferably G,
Y is O or NH;
Zis QorH;
each R1, R2, R3 is selecied independently from the group consisting of a C7-20 acyt
and a C1-20 alkyl;
R4 is H or Me;
R5 is selected independently from the group consisling of -H, -OH, ~(CIC4) alkoxy, -
PO3RERY, -OPO3RERY, -SO3RSE, -OS03RSE, -NR8RSY, -SR8, -CN, -NO2, -CHO, -
CO2ZR8E, and ~CONRSRY, wherein R8 and R9 are each independently selected from H
and (CI-C4) alkyl; and
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each R6 and R7 is independently H or PO3HZ.

In Formula 1 the configuration of the 3’ stereogenic centers to which the normal fatty acyl
residues (that is, the secondary acyloxy or alkoxy residues, e.g., R10, R20, and R30) are
aitached is R or 5, preferably R {(as designated by Cahn-Ingold-Prelog priority rules).
Configuration of aglycon stereogenic centers to which R4 and R5 are atlached canbe R or 5.
All stereoisomers, both enantiomers and diastereomers, and mixtures thereof, are considered fo

fall within the scope of the present invention.

The number of carbon atoms betweesn heleroaiom X and the aglycon nitrogen atom is
delermined by the variable “n”, which can be an integer from 0 to 4, preferably an integer from 0

to 2.

The chain length of normal fatly acids R1, R2, and R3 can be from about 7 1o about 16 carbons,
preferably from about 8 {o abouwt 14 carbons. The chain lengths can be the same or different.

Some preferred embodiments include chain lengths where R1, R2 and R3 are 10 or 12 or 14.

Formula 1 encompasses L/D-seryl, -threonyl, -cysteinyl ether and ester lipid AGPs, both
agonists and their homologs {n=1-4}, as well as various carboxylic acid bicisosteres (i.e, RS is
an acidic group capable of sali formation, the phosphate can be either on 4- or 6- position of the

glucosamine unit, but preferably is in the 4-position).

In a preferred embodiment of the invention employing an AGF compound of Formuia 1, nis G,
R5is CO2ZH, R6 is PO3HZ2, and RY is H. This preferred AGP compound is set forth as the

structure in Formula 1a as foliows:
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o (I? OH
HO—
HO/P\O 0 COxH
v X NH
VA NH R
0 ‘0
7
RY o o
RS R3

{(Formula 1a)

wherein Xis O or S; Yis O or NH; Zis O or H; each R1, R2, R3 is selected
independently from the group consisting of a C7-20 acyl and a C7-20 alkyl, and R4 is Hor
methyl.

5  In Formula 1a the configuration of the 3’ stereogenic cenlers {o which the normal fatty acyl
residues (that is, the secondary acyloxy or alkoxy residues, .9, R10, R20, and R30) are
attached as R or §, preferably R (as designated by Cahn-ingold-Prelog priority rules).
Configuraiion of aglycon stereogenic centers o which R4 and CO2H are atiached can be R or
S. All sterecisomers, both enantiomers and diastereomers, and midures thereof, are

10 considered to fall within the scope of the present invention.
Formula 1a encompasses LiD-seryl, -threonyl, -cysteinyl ether or ester lipid AGPs agonists.

in both Formula 1 and Formula 1a, Z is O altached by a double bond or two hydrogen atoms
which are gach aitached by a single bond. That is, the compound is esler-linked when Z=Y=0;
amide-linked when Z =0 and Y=NH; and stherdinked when Z=H/H and Y=0.

15 Especially preferred compounds of Formula 1 are referred to as CRX-601 and CRX-527. Their

structures are set forth as follows:
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% (CRX-527)
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Additionally, another preferred embodiment employs CRX-547 having the

structure shown.

CRX-547
5
o OH
Ho>|Fl\ .
HO' o] o O/\/CO2H
o NH i
o NH
o O
8]
O
o] o]
o]
AGP Buffers

In one embodiment of the present invention, the composition comprising a TLR4agonist,

10 preferably an AGP, is buffered using a zwitterionoic buffer. Suitably, the zwitterionic buffer is an
aminoalkanesulfonic acid or suitable sall. Examples of amninoalkanesulfonic buffers include
but are not limlited to HEPES, HEPPS/EPRPPS, MOPS, MOBS and PIPES. Preferably, the buffer
is a pharmaceutically acceptabie buffer, suitable for use in humans, such as inforuse in a

commercial injection product. Most preferably the buffer is HEPES.

15  Methods of Treatment

The compositions and combinations of the invention are believed o have ulility in disorders

wherein the engagement of TLR4, is beneficial.
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The present invention thus also provides a composition or combination of the invention, for use
in therapy, particularly in the treatment of disorders wherein the engagement of TLR4, is

beneficial, particularly cancer.

A further aspect of the invention provides a method of treatment of a disorder wherein

engagement of TLR4 is beneficial, comprising administering a combination of the invention.

A further aspect of the present invention provides the use of a combination of the invention in
the manufacture of a medicament for the treatment of a disorder engagement of TLR4 is

beneficial. In preferred embodiments the disorder is cancer.

Examples of cancers that are suitable for treatment with combination of the invention include,
but are limited to, both primary and metastatic forms of head and neck, breast, lung, colon,
ovary, and prostate cancers. Suitably the cancer is selected from: brain {gliomas),
glioblastomas, astrocytomas, glioblastoma muitiforme, Bannayan-Zonana syndrome, Cowden
disease, Lhermitte-Duclos disease, breasi, inflammatory breast cancer, Wilm's tumor, Ewing's
sarcoma, Rhabdomyosarcoma, ependymoma, medulloblastoma, colon, head and neck, kidney,
lung, liver, melanoma, ovarian, pancreatic, prostate, sarcoma, osteosarcoma, giant cell tumor of
bone, thyroid, lymphoblastic T cell leukemia, Chronic myelogenous leukemia, Chronic
iymphooytic lsukemia, Hairy-cell lsukemia, acute lymphoblastic leukemia, acute miyelogenous
fsukemia, AML, Chronic neutrophilic leukemia, Acute lvmphoblastic T cell leukemia,
plasmacytoma, Immunoblastic large cell leukemia, Mantle cell leukemia, Multiple myeloma
VMegakaryobiastic leukentia, muitiple myeloma, acule megakaryocytic leukemia, promyelocylic
lsukemia, Ervthroleukemia, malignant lymphoma, hodgkins lymphoma, non-hodgkins
iymphoma, lymphoblastic T cell lymphoma, Burkitt's lymphoma, Tollicular lymphoma,
neuroblastoma, bladder cancer, urothelial cancer, lung cancer, vulval cancer, cervical cancer,
endometrial cancer, renal cancer, mesothelioma, esophageal cancer, salivary gland cancer,
hepatoceliular cancer, gastric cancer, nasopharangeal cancer, buccal cancer, cancer of the

mouth, GIST {gastrointesiinal stromal tumor) and festicuiar cancer.

Additionally, examples of a cancer to be treated include Barrel's adenocarcinoma; billiary tract
carcinomas; breast cancer, cervical cancer; cholangiocarcinoma; central nervous system
tumors including primary CNS tumors such as glioblastomas, astrocytomas (e.g., glioblastoma
multiforme) and ependymomas, and secondary CNS tumors {i.e., metastases to the ceniral

nervous system of tumors originating ocutside of the central nervous system); colorectal cancer
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including large intestinal colon carcinoma; gasliric cancer; carcinoma of the head and neck
including sguamous cell carcinoma of the head and neck; hematologic cancers including
leukemias and lymphomas such as acule lymphoblastic leukemia, acute myelogenous leukemia
{(AML), myslodysplastic syndromes, chronic myvelogenous lsukemia, Hodgkin's lymphoma, non-
Hodgkin's lymphoma, megakaryoblastic leukemia, mulliple myeloma and ervthroleukemia;
hepatocellular carcinoma; lung cancer including small cell lung cancer and non-small cell lung
cancer; ovarian cancer; endometrial cancer; pancreatic cancer; pituitary adenoma; prostate

cancer, renal cancer, sarcoma; skin cancers including melanomas,; and thyroid cancers.

Suitably, the present invention relates to a method for treating or lessening the severity of a
cancer selected from: brain (gliomas), glioblastomas, astrocytomas, gliocblastoma multiforme,
Bannayan-Zonana syndrome, Cowden disease, Lhermitie-Duclos disease, breast, colon, head

and neck, kidney, lung, liver, melanoma, ovarian, pancreatic, prosiate, sarcoma and thyroid.

Suitably, the presenti invention relates to a method for treating or lessening the severily of a

cancer selected from ovarian, breasl, pancreatic and prostaie.

Suitably the present invention relates {0 a method for treating or lessening the severity of pre-
cancerous syndromes in a mammal, including a human, whersin the pre-cancerous syndrome is
selected from: cervical intragpithelial neoplasia, monoclonal gammapathy of unknown
significance (MGUS), myelodysplastic syndrome, aplastic anemia, cervical lesions, skin nevi
{pre-melanoma), prostatic intraepithieial (intraductal) neoplasia (PIN), Buctal Carcinoma in situ

(DCIS), colon polyps and severe hepatitis or cirrhosis.

The combination of the invention may be used alone or in combination with one or more other
therapeutic agents. The invention thus provides in a further aspect a further combination
comprising a combination of the invention with a further therapeutic agent or agenis,
compositions and medicaments comprising the combination and use of the further combination,
compositions and medicaments in therapy, in paricular in the treatment of diseases susceplible

engagement of TLR4.

In the embodiment, the combination of the invention may be employed with other therapeutic
methods of cancer treatment. in particular, in anti-neoplastic therapy, combination therapy with
other chemotherapeutic, hormonal, antibody agents as weill as surgical andfor radiation

treaiments other than those mentioned above are envisaged. Combination therapies according
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to the present invention thus include the administration of a TLR4 agonist as well as optional
use of other therapeutic agents including other anti-neoplastic agents. Such combination of
agenis may be administered together or separately and, when administered separately this may
occur simulianesously or seguentially in any order, both close and remote in time. In one
embodiment, the pharmaceutical combination includes a TLR4 agonist, and optionally at least

one additional anti-neoplastic agent.
in one embodiment, the further anti-cancer therapy is surgical and/or radiotherapy.

In one embodiment, the further anti-cancer therapy is at least one additional anti-neoplastic

agent.

Any anti-neoplastic agent that has activity versus a susceptible tumor being treated may be
utilized in the combination. Typical anti-neoplastic agenis useful include, but are not limited to,
anti-microtubule agents such as diterpenoids and vinca alkaloids; platinum coordination
complexes; alkylating agents such as nitrogen mustards, oxazaphosphorines, alkyisulfonates,
nitrosoureas, and triazenes; antibiotic agents such as anthracyclins, actinomycins and
bleomyeins; topoisomerase 1l inhibilors such as epipodophyliotoxins; antimetabolites such as
purine and pyrimidine analogues and anti-folate compounds; fopoisomerase | inhibitors such as
campiothecing; hormones and hormonal analogues; signal iransduction pathway inhibitors; non-
receptor tyrosine angiogenesis inhibitors; immunotherapeutic agents; proapoptotic agents; and

cell cycle signaling inhibifors.

Anti-microtubule or anti-mitotic agents: Anti-microiubule or anti-mitotic agenis are phase specific
agenis aclive against the microtubules of tumor cells during M or the mitosis phase of the cell
cycle. Examples of anti-microtubule agents include, but are not limited to, diterpenoids and

vinca atkaloids.

Diterpencids, which are derived from natural sources, are phase specific anti-cancer agenis that
operate at the G./M phases of the cell cycle. ltis believed that the diterpencids stabilize the [3-
tubulin subunit of the microfubules, by binding with this protein. Disassembly of the protein
appears then io be inhibited with mitosis being arrested and cell death following. Examples of

diterpenocids include, but are not limited 1o, paclitaxel and its analog docelaxel.

Paclitaxel, 58,20-epoxy-1,2a,4,73,108, 13u-hexa-hydroxylax-11-en-8-one 4, 10-diacetale 2-

benzoate 13-ester with (2R, 33)-N-benzoyl-3-phenviisoserine; is a natural diterpens product
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isolated from the Pacific vew tree Taxus brevifolia and is commercially available as an injectable
solution TAXOL®. His a member of the taxane family of terpenes.  Paclitaxel has besen
approved for clinical use in the freatment of refractory ovarian cancer in the Uniled Siates
(Markman et al., Yale Journal of Biology and Medicing, 64:583, 1991; McGuire et al., Ann.
Intern, Med., 111:273,1989} and for the treaiment of breast cancer (Holmes ef al,, J. Nat.
Cancer Inst., 83:1797,1991.)  is a polential candidate for treatment of neoplasms in the skin
(Einzig et. al., Proc. Am. Soc. Clin. Oncol., 20:48) and head and neck carcinomas (Forastire et.
al., Sem. Oncol., 20:56, 1890}, The compound also shows potential for the treatment of
polycystic kKidney disease (Woo el al., Nature, 368:750. 1984}, lung cancer and malaria.
Treatment of patients with paclitaxel resulis in bone marrow suppression {mulliple cell lineages,
ignoff, R.J. et. al, Cancer Chemotherapy Pocket Guide, 1998) related to the duration of dosing
above a threshold concentration (50nM) (Kearns, C.M. et. al., Seminars in Oncology, 3(6) p.16-
23, 1985).

Docetaxel, (2R,38})- N-carboxy-3-phenviisoserine, N-terf-butyl ester, 13-ester with 53-20-epoxy-
1,20,4,7B,10B, 13a-hexahydroxytax-11-en-9-one 4-acetate 2-benzoale, trinydrate; is
commercially available as an injeciable solution as TAXOTERE®. Docetaxel is indicated for the
treatment of breast cancer. Docetaxel is a semisynthetic derivative of paclitaxel q.v., prepared
using a nalural precursar, 10-dsacetyl-baccatin Hi, extracied from the needie of the European

Yew tree.

Vinca alkaloids are phase specific anti-neoplastic agents derived from the periwinkle plant.
Vinca alkaloids act at the M phase (mitosis) of the cell cycle by binding specifically to tubulin.
Consequently, the bound tubulin molecule is unable (o polymerize info microtubules. Milosis is
believed o be arrested in metaphase with cell death following. Examples of vinca alkaloids

include, but are not limited to, vinblastine, vincristine, and vinorelbine.

Vinblastine, vincaleukoblastine suifale, is commercially available as VELBAN® as an injectable
solution. Although, it has possible indication as a second line therapy of various solid fumors, it
is primarily indicated in the treatment of testicular cancer and various lymphomas including

Hodgkin's Disease; and lymphocytic and histiocytic lymphomas. Myelosuppression is the dose

limiting side effect of vinblastine.
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Vincristing, vincaleukoblasting, 22-oxo-, sulfale, is commercially available as ONCOVIN® as an
injectable solution. Vincristine is indicated for the treatment of acute leukemias and has also
found use in treatment regimens for Hodgkin's and non-Hodgkin's malignant lymphomas.
Alopecia and neurologic effects are the most common side effect of vineristing and {o a lesser

extent myelosupression and gastroiniestinal mucositis effecis occur.

Vinorelbine, 3,4’ -didehydro -4’-deoxy-C'-norvincaleukoblastine [R-(R* R*)-2,3-
dihydroxybutanedioats (1:2){(sait)], commercially avallable as an injectable solution of
vinoreibine tarirate (NAVELBINE®), is a semisynthetic vinca alkaloid. Vinoreibine is indicated
as a singie agent or in combination with other chemotherapeutic agents, such as cisplatin, in the
freatment of various solid tumors, particularly non-small cell lung, advancad breast, and
hormone refractory prostate cancers. Myslosuppression is the most common dose limiting side

effect of vinorelbine.

Platinum coordination complexes: Platinum coordination complexes are non-phase specific anti-
cancer agents, which are interaciive with DNA. The platinum complexes enler twumor cells,
undergo, aquation and form intra- and intersirand crosslinks with DNA causing adverse
biclagical effects to the tumor. Examples of platinum coordination complexes include, but are

not limited to, oxaliplatin, cispiatin and carboplatin.

Cisplatin, cis-diamminedichloroplatinum, is commercially available as PLATINOL® as an
injectable solution. Cisplatin is primarily indicated in the treaiment of metastatic testicular and

ovarian cancer and advanced bladder cancer.

Carboplatin, platinum, diammine [1,1-cyclobutane-dicarboxylate(2-)-0,07], is commercially
available as PARAPLATING® as an injectable solution. Carboplatin is primarily indicated in the

first and second line treatment of advanced ovarian carcinoma.

Alkylating agents: Alkylating agents are non-phase anti-cancer specific agents and strong
electrophiles. Typically, alkylating agenis form covalent linkages, by alkylation, to DNA through
nucleophilic moisties of the DNA molecule such as phosphate, amino, suifhiydryl, hydroxyl,
carboxyl, and imidazole groups. Such alkylation disrupts nucleic acid funclion leading io celi

death. Examples of alkylating agents include, but are not limited to, nitrogen mustards such as
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cyclophosphamide, melphalan, and chiorambucil; alkyl sulfonates such as busulfan;

pitrosoureas such as carmusiine; and triazenes such as dacarbazine.

Cyclophosphamide, 2-[bis(2-chioroethyhaminoltetrahydro-2H-1,3,2-oxazaphosphorine 2-oxide
monochydrate, is commercially available as an injectable solution or tablets as CYTOXAN®.
Cyclophosphamide is indicated as a single agent or in combination with cther chemotherapeutlic

agents, in the treatment of malignant lymphomas, mulliple myeloma, and leukemias.

Melphalan, 4-[bis(2-chioroethyhaminol-L-phenvialanine, is commercially available as an
injectable solution or tablets as ALKERAN®. Melphalan is indicated for the palliative treatment
of mulliple mysioma and non-resectable epithslial carcinoma of the ovary. Bone marrow

suppression is the most common dose limiting side effect of melphalan.

Chiorambucil, 4-[bis{Z2-chioroethyhlamincibenzenebutancic acid, is commercially available as
LEUKERAN® tablets. Chiorambuci! is indicated for the palliative treatment of chronic lymphatic
feukemia, and malignant lymphomas such as lymphosarcoma, giant follicular lymphoma, and

Hodgkin's disease.

Busulfan, 1,4-butanediol dimethanesulfonate, is commercially available as MYLERAN®
TABLETS. Busulfan is indicaled for the palliative freatment of chronic myelogenous leukemia.
Carmustine, 1,3-|bis{2-chloroethyl}-1-nitroscurea, is commercially available as single vials of
lyophilized material as BICNU®. Carmustine is indicated for the palliative treatment as a single
agent or in combination with other agents for brain tumors, multiple myeloma, Hodgkin's

disease, and non-Hodgkin's lymphomas.

Dacarbazine, 5-(3,3-dimethyl-1-triazeno}-imidazole-4-carboxamide, is commerciaily available as
single vials of material as DTIC-Dome®. Dacarbazine is indicated for the treatment of
metastatic malignant melanoma and in combination with other agents for the second line

freatment of Hodgkin's Disease.

Antibiotic anti-neoplastics: Antibictic anti-neoplastics are non-phase specific agents, which bind
or intercalate with DNA. Typically, such action resulis in stable DNA complexes or strand

breakage, which disrupts ordinary function of the nucleic acids leading to cell death. Examples
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of antibictic anti-neoplastic agents include, but are not limiled to, actinomycins such as

dactinomycin, anthrocyclins such as daunorubicin and doxorubicin, and bleomycins.

Dactinomycin, also know as Aclinomycin D, is commercially available in injectable form as
COSMEGEN®. Dactinomycin is indicated Tor the treatment of Wilm's tumor and

rhabdomyosarcoma.

Daunorubicin, (88-cis-}-8-acetyl-10-{(3-amino-2,3,6-trideoxy-a-L-lyxo-hexopyranosyljoxyl-
7.8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-6,12 naphthacenedione hydrochloride, is
commercially available as a liposomal injectable form as DAUNOXOME® or as an injeciable as
CERUBIDINE®. Daunorubicin is indicated for remission induction in the treaiment of acute

nonlymphocytic leukemia and advanced HIY associated Kaposi's sarcoma.

Doxorubicin, (88, 108-10-{(3-amino-2,3,6-trideoxy-o-L-lyxo-hexopyranosyljoxy}-8-giycoloyl,
7.8,8,10-tetrahydro-6,8,1 -rihydroxy-1-methoxy-5, 12 naphthacenedione hydrochioride, is
commercially available as an injeciable form as RUBEX® or ADRIAMYCIN RDF®. Doxorubicin
is primarily indicated for the treatment of acute lymphoblastic lsukemia and acute myeloblastic

leukemia, but is also a useful component in the treatment of some solid tumors and lymphomas.

Bleomycin, a mixture of cytotoxic glycopeptide antibiotics isolated from a strain of Strepfomyces
verticilfus, is commerciaily available as BLENOXANE®. Bleomycin is indicated as a palliative
treatment, as a single agent or in combination with other agents, of squamous cell carcinoma,

lymphomas, and testicular carcinomas.

Topoisomerase | inhibitors: Topoisomerase ll inhibitors include, but are not limited to,

epipodophyliotoxins.

Epipodophyiictoxins are phase specific anti-neoplastic agents derived from the mandrake plant.
Epipodophyiiotoxins typically affect cells in the S and G; phases of the cell cycle by forming a

ternary complex with fopoisomerase |l and DNA causing DNA strand breaks. The strand breaks
accumulate and cell death follows. Examples of epipodophyllotoxins include, but are not limited

to, etoposide and teniposide.
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Etoposide, 4'-demethyi-epipodophyliotoxin 8{4,6-0-(R }-ethylidene-p-D-glucopyranoside], is
commercially available as an injectable solution or capsules as VePESID® and is commonly
known as VP-16. Eloposide is indicated as a single agent or in combination with other

chemotherapy agents in the treatment of testicular and non-small cell lung cancers.

Teniposide, 4'-demethyl-epipodophyiictoxin 9{4,6-0-(R }-thenylidene-3-D-glucopyranosidel, is
commercially available as an injectable solution as VUMON® and is commonly known as VM-
28. Teniposide is indicated as a single agent or in combination with other chemotherapy agents

it the treatment of acute leukemia in children.

Antimetabolite neoplastic agents: Antimetabolite neoplastic agents are phase specific anti-
necplastic agents that act at S phase {DNA synthesis) of the cell cycle by inhibiting DNA
synthesis or by inhibiting purine or pyrimidine base synthesis and thereby limiting DNA
synthesis. Consequently, S phase does not proceed and cell death follows. Examples of
antimelabolite anti-neoplastic agents include, but are not limited {o, fluorouracil, methotrexats,

cytarabine, mecaptopurine, thioguanine, and gemcitabine.

S-fluorouracii, 5-fluoro-2,4- (1H,3H) pyrimidinedione, is commercially available as flucrouracit.
Administration of 5-fluorouraci! leads to inhibition of thymidylale synthesis and is also
incorporated into both RNA and DNA. The resull typically is cell death. 5-flucrouracil is
indicated as a single agent or in combination with other chemaotherapy agents in the treatment
of carcinomas of the breast, colon, rectum, stomach and pancreas. Other flucropyrimidine

analogs include 5-fluoro deoxyuridine (floxuridine} and 5-flucrodeoxyuridineg monophosphates.

Cytarabine, 4-amino-1-f-D-arabinofuranosyl-2 (1H)}-pyrimidinone, is commercially available as
CYTOSAR-U® and is commonly known as Ara-C. i is believed that cytarabine exhibits cell
phase specificity at 3-phase by inhibiling DNA chain elongation by terminal incorporation of
cytarabine into the growing DNA chain. Cytarabine is indicated as a single agentorin
combination with other chemotherapy agents in the treatment of acule leukemia. Other cytidine

analogs include S-azacytidine and 2',2'-diflusrodeoxyeyiidine (gemcitabine).

Mercaptopurine, 1,7-dihydro-6H-purine-&-thione monchydrate, is commercially available as

PURINETHOL®. Mercaptopurine exhibits cell phase specificity at S-phase by inhibiting DNA
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synthesis by an as of yel unspecified mechanism. Mercaptopurine is indicaled as a single
agent or in combination with other chemotherapy agents in the treatment of acute leukemia. A

useful mercaptopurine analog is azathioprine.

Thioguanine, 2-amino-1,7-dihydro-6H-purine-6-thione, is commercially available as TABLOID®.
Thioguanine exhibits cell phase specificity at S-phase by inhibiting DNA synthesis by an as of
yet unspecified mechanism. Thioguanine is indicated as a single agent or in combination with
other chemotherapy agenis in the treatment of acute leukemia. Gther purine analogs include

pentostatin, ervthrohydroxynonyladening, fludarabine phosphate, and cladribine.

Gemgcitabine, 2-decxy-2', 2'-diflucrocytidine monohydrochloride (B-isomer), is commercially
available as GEMZAR®. Gemcitabine exhibiis cell phase specificity at S-phase and by blocking
progression of cells through the G1/S boundary. Gemcitabine is indicaled in combination with
cisplatin in the treatrment of locally advanced non-small cell lung cancer and alone in the

freatment of iocally advanced pancreatic cancer.

Methotrexate, N-[4H{(2,4-diamino-B-pleridinyl} methylimethviamino] benzoyli-L-glutamic acid, is
commercially available as metholrexate sodium. Methotrexate exhibits cell phase effects
specifically at S-phase by inhibiting DNA synthesis, repair and/or replication through the
inthibition of dyhydrofolic acid reductase which is required for synthasis of purine nuclestides
and thymidylate. Methotrexale is indicated as a single agent or in combination with other
chemotherapy agents in the treatment of choriocarcinoma, meningeal leukemia, non-Hodgkin's

lymphoma, and carcinomas of the breast, head, neck, ovary and bladder.

Topoisomerase | inhibitors: Campiothecins, including, campiothecin and camptothecin
derivatives are available or under development as Topoisomerase | inhibilors. Camplothecing
cytotoxic activity is believed io be related {o its Topoisomerase | inhibitory activity. Examples of
campiothecins include, but are not limited 1o irinotecan, topolecan, and the various optical forms

of 7-{d-methvipiperazino-methylene}-10, 1 1-ethylenedioxy-20-campiothacin described below.

Irinctecan HCI, (45)-4,11-disthyl-4-hydroxy-8-[{4-piperidinopiperidine) carbonyloxyl-1H-
pyranocfd’,4’,6,7]lindolizino]1,2-blguinoline-3,14(4H,12H)-dicne hydrochloride, is commercially

available as the injeciable solution CAMPTOSAR®. lrinclecan is a derivative of camptothecin
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which binds, along with its active metabolite 8N-38, to the lopoisomerase | — DNA complex. itis
believed that cylotoxicity occurs as a resuli of irreparable double strand breaks caused by
interaction of the topoisomerase | . DNA | irintecan or SN-38 ternary complex with replication

enzymes. lrinclecan is indicated for treatment of metastatic cancer of the colon or rectum.

Topotecan HCl, {8)-10-[{dimethylamino)methyil-4-ethyl-4 S-dihydroxy-1H-
pyrano[d’,4’,6,7lindolizino{1,2-blquinoline-3, 14-{4H,12H)-dicne monochydrochlioride, is
commercially available as the injectable solution HYCAMTIN®. Topotecan is a derivative of
camptothecin which binds 1o the topoisomerase | — DNA complex and prevents religation of
singles strand breaks caused by Topoisomerase | in response 1o torsional strain of the DNA
molecule. Topotecan is indicated for second line freatment of metastatic carcinoma of the ovary

and smail cell lung cancer.

Hormones and hormonal analogues: Hormones and hormonal analogues are useful compounds
for treating cancers in which there is a relationship between the hormone(s) and growth and/or
tack of growth of the cancer. Examples of hormones and hormonal analogues useful in cancer
freatment include, but are not limited to, adrenocorticostercids such as prednisone and
prednisolone which are useful in the treatment of malignant lvmphoma and acute leukemia in
children ; aminoglutethimide and other aromatase inhibitors such as anastrozols, letrazole,
vorazole, and exemestane useful in the treatment of adrenccortical carcinoma and hormone
dependent breast carcinoma containing estrogen receptors; progestrins such as megestrol
acefate useful in the treatment of hormone dependent breast cancer and endometrial
carcinoma; eslrogens, androgens, and anti-androgens such as flulamide, nilutamide,
bicalutamide, cyproterone acetate and So-~reductasss such as finasieride and dutasieride,
useful in the treatment of prosiatic carcinoma and benign prosiatic hypertrophy; anti-estrogens
such as tamoxifen, toremifene, raloxifene, droloxifene, iodoxyiene, as well as selective
estrogen receplor modulators {SERMS) such those described in U.S. Patent Nos. 5,681,835,
5,877,219, and 6,207,716, useful in the treatment of hormone dependent breast carcinoma and
other susceptible cancers; and gonadotropin-releasing hormone (GnRH) and analogues thereof
which stimulate the release of leutinizing hormone (LH) and/or follicle stimulating hormone
(FSH) for the treatment prostatic carcinoma, for instance, LHRH agonisis and antagagonisis

such as goserelin acetate and luprolide.
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Signal transduction pathway inhibitors: Signal transduction pathway inhibilors are those
inhibitors, which block or inhibit a chemical process which evokes an intraceliular change. As
used herein this change is cell proliferation or differentiation. Signal tranduction inhibitors useful
in the presant invention include inhibitors of receptor tyrosine kinases, non-recepltor tyrosing
kinases, SH2/SH3 domain blockers, serine/threonine kinases, phosphotidyl inosiiol-3 kinases,

myo-inositol signaling, and Ras oncogenes.

Several protein tyrosine kinases calalyse the phosphorylation of specific tyrosyl residues in
various profeins involved in the regulation of cell growth. Such prolein tyrosine kinases can be

broadiy classified as receptor or non-receplor kinasss.

Receptor tyrosine kinases are transmembrane proteins having an extraceliular ligand binding
domain, a transmembrane domain, and a tyrosine kinase domain. Recepior tyrosine kinases
are involved in the regulation of cell growth and are generally termed growth facior recepiors.
inappropriate or uncontrolied aclivation of many of these kinases, e, aberrant kinase growth
factor receptor activily, for example by over-expression or mulation, has been shown to result in
uncontrolled cell growth. Accordingly, the aberrant activity of such kinases has been linked {o
malignant tissue growth. Consequently, inhibitors of such kinases could provide cancer
freatment methods. Growth facior recepiors include, for exampie, epidermal growth factor
receptor (EGFr), plalelet derived growth factor receptor (PDGFT), erbB2, erbB4, ret, vascular
endcthelial growth faclor receplor (VEGFY), tyrosine Kinase with immunoglobulin-like and
epidermal growth factor identity domains (T1E-2), insulin growth factor 1 (IGF1) recepior,
macrophage colony stimulating factor (cfms), BTK, ckit, cmet, fibroblast growth factor (FGF)
receptors, Trk receptors {TrkA, TrkB, and Trk(), ephrin {eph) receptors, and the RET
protooncogene. Several inhibitors of growth receptors are under development and include
ligand antagonists, antibodies, tyrosine kinase inhibitors and anti-sense oligonucieotides.
Growth factor receptors and agents that inhibit growth factor receptor function are described, for
instance, in Kath, John C., Exp. Opin. Ther. Patents (2000) 10(6):803-818; Shawver et al DDT
Vol 2, No. 2 February 1997; and Lofts, F. J. et al, “Growth factor receptors as fargets”, New
Molecular Targets for Cancer Chemotherapy, ed. Workman, Paul and Kerr, David, CRC press
1984, London.

Tyrosine kinases, which are not growth factor recepltor kinases are termed non-receptor tyrosine

kinases. Non-receplior tyrosing kinases useful in the present invention, which are targets or
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potential targets of anti-cancer drugs, include ¢Sre, Lok, Fyn, Yes, Jak, cAbl, FAK (Focal
adhesion kinase}, Brutons fyrosine kinase, and Bor-Abl. Such non-recepior kinases and agents
which inhibit non-receptor tyrosine kinase function are described in Sinh, S. and Corey, S.J,,
{1999} Journail of Hematotherapy and Stem Cell Research 8 (5): 485 — 80; and Bolen, J.B.,
Brugge, J.3., {1997) Annual review of immunoilogy. 15: 371-404.

SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain binding in a variety of
enzymes or adaptor proteins including, PI3-K p85 subunit, Src family kinases, adaptor
molecules (Shc, Trk, Nck, Grb2) and Ras-GAP. SHZ/5H3 domains as targets for anti-cancer
drugs are discussed in Smithgall, T.E. (1995), Journal of Pharmacological and Toxicological
Methods. 34(3) 125-32.

Inhibitors of Serine/Threonine Kinases including MAP kinase cascade blockers which include
blockers of Raf kinases (rafk), Mitogen or Extraceliular Regulated Kinase (MEKs), and
Extracellular Regulated Kinases (ERKs); and Protein kinase C family member blockers
including blockers of PKCs {alpha, bela, gamma, epsilon, mu, lambda, iota, zela). IkB kinase
family (IKKa, IKKb), PKE family kinases, akt kinase family members, and TGF beta receptor
kinases. Such Serine/Threonine kinases and inhibitors thereof are described in Yamamoio, T.,
Taya, 8., Kaibuchi, K., {18898}, Journal of Biochemisiry. 126 (5) 789-803,; Brodt, P, Samani, A.,
and Navab, R. (2000), Biochemical Pharmacology, 60. 1101-1107; Massague, J., Weis-Garcia,
F. (1998) Cancer Surveys. 27:41-84; Philip, P.A., and Harris, AL, (1895), Cancer Treatment
and Research. 78: 3-27, Lackey, K. et al Bicorganic and Medicinal Chemistry Letlers, (10},
2000, 223-226; U.5. Patent No. 6,268,391, and Martinez-lacaci, L., et al, int. J. Cancer (2000}
88(1), 44-52.

Inhibitors of Phosphotidyl inosilol-3 Kinase family members including blockers of Pi3-kinase,
ATM, DNA-PK, and Ku are also useful in the present invention. Such kinases are discussed in
Abraham, R.T. {19986}, Current Opinion in Immunoclogy. 8 {(3) 412-8; Canman, C.L., Lim, D.&.
(1998), Oncogene 17 (25) 3301-3308; Jackson, S.P. (1897}, intermnational Journai of
Biochemisiry and Cell Biology. 29 (7):835-8; and Zhong, H. et al, Cancer res, (2000) 60(6),
1541-1545.

Also ussful in the present invention are Myo-inositol signaling inhibitors such as phospholipase

C blockers and Myoinosiiol analogues. Such signal inhibilors are described in Powis, G., and
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Kozikowski A., {1994) New Molecular Targets for Cancer Chemotherapy ed., Paul Workman
and David Kerr, CRC press 1994, London.

Another group of signal transduction pathway inhibitors are inhibitors of Ras Oncogene. Such
inhibitors include inhibitors of farnesyitransferase, geranyl-geranyl transferase, and CAAX
profieases as well as anii-sense oligonucieoctides, ribozymes and immunotherapy. Such
inhibitors have been shown to block ras activation in cells containing wild type mutant ras |
thereby acting as antiproliferation agents. Ras oncogene inhibition is discussed in Scharovsky,
.., Rozados, V.R., Gervasoni, S.1. Matar, P. (2000), Journal of Biomedical Science. 7{4) 292-
8; Ashby, M.N. (1988}, Current Opinion in Lipidology. 8 {2) 88 — 102; and BioChim. Biophys.
Acta, (19889 1423(3):19-30.

As mentioned above, antibody antagonists to receptor kinase ligand binding may also serve as
signal transduction inhibitors. This group of signal fransduction pathway inhibitors includes the
use of humanized antibodies o the extraceliular ligand binding domain of receptor tyrosine
kinases. For example Imclone 225 EGFR specific aniibody (see Green, M.C. et al, Monoclonal
Antibody Therapy for Solid Tumors, Cancer Treat. Rev., (2000}, 26(4), 269-286); Herceptin &
erbB2 antibody (see Tyrosine Kinase Signalling in Breast cancererbB Family Recepior
Tyrosine Kinases, Breast cancer Res., 2000, 2(3), 176-183); and 2CB VEGFR2 specific
antibody (see Brekken, RA. et al, Selective Inhibition of VEGFR2 Activity by a monoclonal Anti-
VEGFE antibody blocks tumor growth in mice, Cancer Res. (2000) 60, 5117-5124).

Anti-angiogenic agenis: Anti-angiogenic agenis including non-receptorMEKngiogenesis
inhibitors may alo be useful. Anti-angiogenic agenis such as those which inhibit the effects of
vascular edothelial growth factor, (for example the anti-vascular endothelial cell growth faclor
antibody bevacizumab [Avastin™], and compounds that work by other mechanisms (for

example linomide, inhibitors of integrin avB3 function, endostatin and angiostating;

Immunotherapeulic agents: Agents used in immunotherapeulic regimens may also be useful in
combination with the compounds of formula (1), Immunotherapy approaches, including for
example ex-vivo and in-vivo approaches 1o increase the immunogenecity of patient tumour
cells, such as transfection with cytokines such as interleukin 2, interleukin 4 or granulocyte-
macrophages colony stimulating faclor, approaches to decrease T-cell anergy, approaches using
ransfected immune cells such as cytokine-transfecied dendritic cells, approaches using

cylokine-transfected tumour cell lines and approaches using anii-idiotypic antibodies
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Proapoptoloc agents: Agenis used in proapopltotic regimens (e.g., bcl2 antisense

oligonuciectides) may also be used in the combination of the present invention.

Cell cycle signalling inhibitors: Cell cycle signalling inhibitors inhibit molecules involved in the
control of the cell cycle. A family of protein kinases called cyclin dependent kinases (CDKs) and
their interaction with a family of proteins termed cyclins controls progression through the
eukaryotic cell cycle. The coordinate activation and inactivation of different oydlin/fCDK
complexes is necessary for normal progression through the cell cycle. Several inhibitors of cell
cycle signalling are under development. For instance, examples of cyclin dependent kinases,
including CDK2, CDK4, and CDKS and inhibitors for the same are described in, for instance,
Rosania ef al, Exp. Opin. Ther. Patenis (2000) 10{2):215-230.

In one embodiment, the combination of the present invention comprises a TLR4 agonist and at
least one anti-neoplastic agent selected from anti-microtubule agenis, platinum coordination
complexes, alkylating agents, antibiotic agenis, topoisomerase H inhibiltors, antimetabolites,
topoisomerase | inhibitors, hormones and hormonal analogues, signal transduction pathway
inhibitors, non-receptor tyrosine MEKngiogenesis inhibitors, immunotherapeutic agents,

proapopiotic agents, and cell cycle signaiing inhibilors.

in one embodiment, the combination of the present invention comprises a TLR4 agonist and at
least one anti-neoplastic agent which is an anti-microtubule agent selected from diterpenoids

and vinca alkaleids.
in a further embodiment, the at least one anti-neoplastic agent agent is a dilerpenoid.
In a further embodiment, the at least one anti-neoplastic agent is a vinca alkaloid.

In one embodiment, the combination of the present invention a TLR4 agonist and at least one

anti-neoplastic agent, which is a platinum coordination complex.

In a further embodiment, the at least one anti-neoplasiic agent is paclitaxel, carboplatin, or

vinorelbine.
In a further embodiment, the at least one anti-neoplastic agent is carboplatin.
in a further embodiment, the at least one anti-neoplastic agent is vinorelbine.

In a further embodiment, the al least one anti-neoplastic agent is paclilaxel.
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In one embodiment, the combination of the present invention comprises a TLR4 agonist and at

least one anti-neoplastic agent which is a signal transduction pathway inhibitor.

in a further embodiment the signal fransduction pathway inhibitor is an inhibitor of a growth
factor receptor kinase VEGFRZ, TIEZ2, PDGFR, BTK, arbB2, EGFr, IGFR-1, TrkA, TrkB, TrkC,

or c-fms.

In a further embodiment the signal transduction pathway inhibitor is an inhibitor of a

serine/threonine kinase rafk, akt, or PKC-zeta.

In a further embodiment the signal fransduction pathway inhibilor is an inhibitor of a non-

receptor tyrosine kinase selecled from the src family of kinases.
in a further embodiment the signal transduction pathway inhibitor is an inhibitor of c-src.

In a further embodiment the signal fransduction pathway inhibilor is an inhibitor of Ras

oncogene selected from inhibitors of farmesyl transferase and geranvigeranyl transferase.

In a further embodiment the signal fransduction pathway inhibitor is an inhibitor of a

serinefthreonine kinase selected from the group consisting of PI3K.

In a further embodiment the signal transduction pathway inhibitor is a dual EGFr/erbB2 inhibitor,
for example N-{3-Chloro-4-[{3-fluorobenzyl) oxyiphenyl}-6-[5-({[2-(methanesulphonyh)

ethyllamino}methyl}-2-furyll-4-quinazolinamine (structure below):

HSC\I}? / | O
i
5 X
! \,—-n .(;i Ci
N ! a
o~ E ,///\\ ///,\\N

In one embodiment, the combination of the present invention comprises a compound of formula
[ or a salt or solvate thereof and at least one anti-neoplastic agent which is a cell cycle signaling

inhibitor.

In further embodiment, cell cycle signaling inhibitor is an inhibitor of CDK2, CDK4 or CDIKS.
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In one embodiment the mammal in the methods and uses of the present invention is a human.

As indicated, therapeutically effective amounis of the combinations of the invention (an anti-
cancer agent and a TLR4 agonist) are administered to a human. Typically, the therapeutically
effective amount of the administered agents of the present invention will depend upon a number
of factors including, for example, the age and weight of the subject, the precise condition
requiring treatment, the severity of the condition, the nature of the formulation, and the route of
admiinistration. Ullimately, the therapeutically effective amount will be at the discretion of the

attendant physician.

The following examples are intended for illustration only and are not intended to limit the scope

of the invention in any way.
EXAMPLES

NON-LIMITING EXAMPLES The combination of chemotherapy and AGP treatment resulis in

significant enhancement of survival in murine cancer models {compared to chemotherapy or

AGP alone). Evidence for synergy between CRX-527 and chemotherapy is seen in following
systems: Murine Leukemia model (L1210}, Murine Ovarian Teratoma model (MOT), Murine

Melanoma model (816), Breast Cancer {(4T1).

Example 1 1120 Murine Leukemia Model: Combination of chemotherapy and

immunomodulation improves anti-cancer response

To investigate whether a combination treatment consisting of the chemotherapeutic mitomycin
C and the AGP CRX-527 would prolong survival of cancer-bearing mice betier than either
ireatment alone, BDF1 mice (10 per group) that had been seeded with L1210 murine leukemia
cells (10" turnor cells via the intraperitoneal (IP) route) on day 0 were treated with, 1) nothing
{untreated control), 2) an intraperifoneal injection of mitomycin C (40 ug) onday 6, 3} an IP
injection of CRX-527-AF (100 ug CRX-527 in Agueocus Formulation (AF), which is 0.02%
dipatmitoyl phosphatidy! choline in water) on day 7, or 4) an IP injection of milomycin Con day 6
followed by an IP injection of CRX-527-AF on day 7. Survival curves through day 54 are
presented for each group in Figure 1. Mice administered both mitomycin C and CRX-527 had

significantly prolonged survival compared to mice administered either component alone.
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Example 2: Mouse Ovarian Tumor (MOT) Model
Timing of Administration of Chemotherapy and immunomodulator

Mice administered both mitomycin C and CRX-527 also demonsirated significanily prolonged
survival compared o mice administered either component alone in the Mouse Ovarian Tumor
(MOT) model. To delermine whether the fiming of administration of the chemotherapeutic and
TLRA4 ligand is important for the anti-cancer response, C3H/Fed mice (10 per group) seeded
with Mouse Ovarian Tumor (MOT) cells (10" tumor cells via the IP route) on day 0 were treated
with, 1) nothing (unireated conirol}, 2} mitomycin C (40 ug) on day 6, 3) CRX-527-3E (10 ugin a
Siable Emulsion formulation containing 2% squalene oil-in-water) on day 4 followed by
mitomycin C on day 6, 4) CRX-527-8E on day 5 followed by mitomycin C on day 8, 5) both
CRX-527-SE and mitomyein C on day 8, 8) mitomycin C on day 6 followed by CRX-527-8E on
day 7, 7} mitomycin C on day 6 followed by CRX-527-8E on day 10, and 8) mitomycin C on
day 6 followed by CRX-527-3E on day 11. The dose/route for mitomycin C and CRX-527-5E
adrministration was always 40 ug 1P and 10 ug IP, respectively. The groups administered CRX-
527 at the same time as or up 1o 5 days after mitomycin C had significantly prolonged survival
times compared o the groups that received nothing (untreated conirol), mitomycin alone or
CRX527-5E foliowed by mitomycin C (Figure 2), indicating that the benefit of combination
therapy in this cancer model is observed when an effective TLR4 ligand such as CRX-527 is

administered at the same time as or afler a chemotherapy agent such as mitomyein C.
Example 3 TLR4 Dependence

C3H/Hed mice have a mutation in the gene coding for toll-like receptor 4 (TLR4) and, as a
result, do not respond to TLR4 ligands such as lipopolysaccharide (LPS) or AGPs such as CRX-
527. We ulilized these TLR4 non-responder mice (10 per group) to show that the anti-cancer
activity elicited by CRX-527 in wild-type mice is dependent on the presence of functional TLR4.
As expected, CRX-527 promoted survival in C3H/HeOud wild-type mice when administered
alone or in combination with mitomycin C (Figure 3}, but did not promoie survival in MOT-

bearing C3H/Hed mice (Figure 4).

Example 4 Formulation
The effect of formulation for the anti-cancer activity observed with CRX-527 was evaluated in

the MOT tumor model. In the experiment shown in Figure 5, C3H/HeN mice (wild-type TLR4, 10
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per group) were seeded with MOT tumeor (10% tumor cells IP) on day 0. Mitomycin C (40 ug IP)
was administered on day 8, and 1 or 10 ug CRX-527 formulated in AF {(Agueocus Formulation =
0.02% dipalmitoyl phosphatidyt choline in water), IN {Intranasal Formulation = 2% glycerol in
water) or SE (Stabie Emulsion = 2% squalene oil-in-water) was administered via the [P route
on day 7. Once again, ireatment with mitomycin C alone ied to a small increase in survival
compared o the no freatment control. Administration of CRX-527 one day after mitomycin C
treatment led o prolonged survival, with the SE and IN formulations having enhanced polency
compared {o the AF formulation. The enhanced potency for the SE and IN formuiations is
demonsirated in Figures 5 and 6, where it can be seen that a 10 ug dose of CRX-527 in the AF
formulation was required to induce a high level of protection, while both the SE and IN
formulations are highly effeclive at both the 1 and 10 ug doses. The results of this experiment

indicate that the potency of CRX-527 in this model can be enhanced through formulation.

Example 3 Induction of Adaptive Immunity

The data shown in Figure 7 demonstrate that mice cured of MOT tumor by combination
treatment with mitomycin C and CRX-527 are resistant to re-challenge with the same tumor
{compared o nalve conirol mice, which succumbed al a normal rate based on historical data).
This resull indicates that a tumor-specific adaptive immune response is generated in
trealed/cured mice that is able slow the growth of the tumor and prolong survival upon re-

challenge. Group size was 10 in this experiment.

Example § Effect of multiple treatments and effect of regional versus systemic

administration of immunomodulator

The data presented in Figure 8 and 9 demonstrates that the components of the combination
therapy can be successfully administered by different routes. in this experiment, mitomycin C
was administered to MOT-bearing mice via the [P route, and the CRX-527-IN was administered
by either the P or IV routes. While the prolongation of survival was more striking in the group
that received both components via the IP route, the group that received mitomycin C via the [P
rouie and CRX-527-IN via the IV route was also prolected, especially after iwo administration of

the combination therapy. The data presented in Figures 8§ and 9 also demonstrate that two
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treatments with the combination therapy is more effective than oneg treatment for prolonging
survival in the MOT tumor model. This result indicates that the number of treaiments may have

an effect on the outcome for such therapeutics.
Example 7 B16 Melanoma System

The efficacy of combination therapy with a chemotherapeulic agent and an AGP was also
tested in a murine melanoma model using a non-immunogenic umor called B16-F10. In these
experiments, BDF1 mice were seeded with B16-F10 melanoma cells (1.5 x 10° V) on day 0. At
various time thereafter, cancer-bearing mice were freated with cyclophosphamide (aka Cyloxan)
alone (3 mg IP), CRX-527-IN (10 ug) alone or a combination of the two agents. As shown in
Figure 10, treatment with CRX-527-IN alone on day 5 did not lead to a improve survival, while
treatment with cyclophosphamide alone on day 5 led o a modest prolongation. However, the
group administered CRX-527-IN and cyclophosphamide ogether showed an improvement in

survival compared o the other groups.

In further experimentation, B18-F10 melanoma cells transfected with green fluorescent protein
were used to guantify metastasis of the fumor 1o the lungs of mice. Because green flucrescent
protein allows quantification of the amount of tumor in the lungs of B18-F10-bearing mice, it was
possible to evaluate the efficacy of various trealment regimens using lung tumor burden as the
read-out. BDF 1 mice were seeded with B16-F10 melanoma cells (1.5 x 10° V) on day 0.
Tumor-bearing mice (& per group) were injected on day 1 with vehicles (500 ul saline IP and
100 Wl SE vehicle 1V), CRX-527-SE (10 ug in 100 ul IV), cyclophosphamide (4 mg in 500 ul
water IP) or both CRX-527-3E (10 ug in 100 ul IV) and cyclophosphamide (4 mg in 500 ul waier
IP}). On day 26, the mice were sacrificed and their lungs were collected. The lungs from each
mouse were pholographed and then homogenized so that the luciferase aclivity could be
quaniified {o determine how much B16-F10 tumor was present. By visual examination {(Figure
11-14), it is clear that mice freated with the cyclophosphamide / CRX-527 combination (Figure
14} had lower lung tumor burden than any other groun. This observation was confirmed when
the lungs were homogenized and svaluated for luciferase aclivity. The data presented in Figure
15 show that lungs from mice treated with the cyclophosphamide and CRX-527 had significantly
less luciferase activity, and hence less tumor, in their lungs than mice treated with vehicle or

either agent alone, confirming the advantage of combination therapy in this sytem.
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Example § Combination therapy in breast cance model

The benefit of combining chemotherapeutic agents with TLR4 ligands such as AGPs was also
confirmed in the 471 murine breast cancer model. For the experiments conducied using this
metastatic cancer model, 4T1 tumor cells (7 x 10° in 50 ul) were injected into the lower
marnmary gland of each mouse on day 0. The primary lumors were surgically removed on day
14, the mice {10 per group) were treated on day 15 with vehicles, cyclophosphamide (3 mg 1P}
or cyclophosphamide (3 mg [P) and CRX-527 (various doses IV}, The resulis shown in Figure
16 demonstrate that groups receiving the combination therapy had longer survival times than
groups receiving vehicle or cyclophosphamide alone. While not as definitive as the daia
collected in the L1210, MOT or B16-F10 systems, these results lend support to claims that
combination therapy with chemotherapeutics and immunomodulators such as CRX-527 is

superior to treatment with either alone.

Example 9 Results of $7-26 study with freatment with TLR-4 (CRX.527)

The CT26 mouse colon carcinoma (CT28.WT, ATCC #CRL-2638) cell line was oblained from
ATCC. Iis an N-nifroso-N-methyiurethane-(NNMU) induced, undifferentiated colon carcinoma
cell line known in the art. For example, it is described in: Wang M, et al. Actlive immunotherapy
of cancer with a nonreplicating recombinant fowlpox virus encoding a model lumor-associated
antigen. J. Immunol. 154: 4685-4892, 1885 (PubMed: 7722321), which is incorporated by
reference in its entirsty herein. For preparation of tumor celis, A frozen (-140°C) vial of CT-26
{mouse colon carcinoma cells), from ATCC {cal# CRL-2638, lot¥ 59227052) are thawed and

cultured in basic RPMI (with 10% FBS) media over the following week.

CT-26 cells (passage 12) are harvested from the flask in complete medium. Cells are
centrifuged and resuspended in RPMI (without FBS), this step is repeated 3 times. Cell density
and viability are checked via trypan biue exclusion. Cells are then diluled fo desired density
(5x10° cells per mL) and kept on ice.

Escalating doses of CRX 527 are evaluated for their efficacy in reducing tumor growth. Animals
are weighed and innoculated on the right hind quarter with 0.5x10° CT26 tumor cells per mouse
on Day 0. A iotal of 130 mice are inoculated with tumor celis - assuming 30% failure rate (either

too big or too small at time of start of study), the goal is 1o have n=10 for each group. After
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tumor cell innoculation, tumor growth and total body welight are measured 3 times a week for
the duration of the study. Randomization occurs on day 10 or 11 when the average tumor
volume is approximately 100 mm®. Begining on the day of randomization, animals are dosed
with CRX 527 or vehicle i.p. biweekly, for a tolal of 6 doses. Mice remain on study until fumors
reach >2000 cu mm for two consecutive measuremsnts, they are removed from study for other
reasons {i.e. weight loss »20%, ulceration on tumor, eic.) or until the end of the siudy. After
euthanization the tumors may be removed and subject o dissociation for flow analysis and/for
FFPE for IHC analysis.

Treatment Dose {per mouse} No. of mice
Group §: 0.5x10° cells per, vehicle 10-13
Group a: 0.5x10° celis per, CRX-527, 4 ug 10-13

Group b: 0.5x10° celis per, CRX-527, 20 ug 16-13
Group ¢ 0.5x10° cells per, CRX-527, 100 ug 10-13

Day 0: sc inoculation with tumor celis
Days 1, 4, 6, 8: Animals were weighed and checked for tumors and measured.

Randomization day (approx. day 10} Animals randomized and placed
into cages representing appropriate groups

Dosing, biweekly through end of study: Animals dosed ip with TLR compound
CRX-527 at amounts shown above (per mouse), or vehicle.

Measurementis, triweekly through end of study: Animals weighed and tumors

measured.
The above profocol was used to generate the results in FIG. 17 at the dosages indicated. In
almost every case, Balb/c mice that were inoculated with 0.5x10° CT-26 colorectal tumor celis
on the right hind gquarter developed tumors that, when treated i.p. with vehicle (2% glyceroi}
only, and progressed as expected. TLR 4 agonist CRX-527 inhibited tumor growth in a dose
dependent manner when compared 1o the vehicle treated animals. Figure 17. Dose
dependence was also seen in the survivability of the model. In a similar experiment, TLR4
agonist CRX-601 inhibited {umor growth. See Table 2 and Figure 18.
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Table 2

Mean % Date/Study Day

Inhibition Dosing

9/16 9/19 9/23 9/26 9/30 10/3

Group 14 17 21 24 28 31
Vehicle
CRX-601 4ug -59.63% 4.57% -1.55% 21.73% 7.65% -34.14%
CRX-801 20ug 42.34% | ©69.46% 50.75% 66.96% 50.75% -18.27%
CRX-601 100ug | 68.20% | 92.51% 98.50% 93.21% 94.68% 80.15%

EXAMPLE 10: Monotherapy and Combination Treatment with anti-cancer agent and TLR-4

largeting molecules of Formula |
Materials and Methods

in vivo anti-tumor efficacy studies

The in vivo anti-tumor efficacy of the TLR4 agonist (CRX-601) was assessed in the murine CT-
26 colon carcinoma syngeneic solid tumor model as a monotherapy and in combination with a
rate a therapeutic antibody (combination data not shown). Seven to eight week old female
Balb/c mice (BALB/CAnNCH, Charles River) were used in these studies. Murine CT-26 colon
carcinoma cells (ATCC catalog number CRL-2638 lot# 59227052) were cullured in RPMI
growth medium supplemented with 10% fetal bovine serum (FBS) in a humidified 37°C
incubator with 5% CQ,. CT-26 cells cultured in logarithmic growth were harvested from tissue
cullure flasks and centrifuged for 5 minutes at 450xg at 4°C for ten minules o pellet cells. The
supernatant was discarded, and cells were washed in ice cold phosphate buffered saline {(FES)
without calcium and magnesium and centrifuged again for 5 minutes at 450xg at 4°C for ten
minuies io peliet celis. The cells were resuspended in sterile RPMI media without FBS and
adjusted o a cell concentration of 500,000 cells/iml. 100 ul of the cell stock was implanted via
subcutaneous injection into the right lank of each Balb/c mouse. Afler ten or eleven days when
the average tumor size reached approximately 100 mm®, mice were randomized into study
cohorts according to umor size and the first reatment dose was given. The TLR4 agonist

(CRX-601} or vehicle was dosed via a systemic intravenous or direct intratumoral injection as
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indicated. The CRX-601 vehicle used for intravenous and intratumoral dosing was 0.5% where
indicated. For CRX-801 liposomal intratumoral dosing, a DOPC/CHOL liposome prepared by
GSK Lot #1783-157-B was used. The therapeutic antibody was dosed via an intraperiioneal
injection given twice per week for a iotal of six doses. Caliper measuremenis were taken three
times per waek {0 assess umor growth, and mice with umors <2,000 mim® were maintained on
study from 30 up to approximately 115 days. Mice with tumors >2,000 mm® for 2 consecutive
measurements or mice with tumors which formed open ulcers were removed from the study.
Tumer volume was calculated using the formula (0.52) x {Length) x (Width?). in study 3, tumor-
free mice were re-challenged with CT-26 tumor cells as described above, on the opposite flank
from the original inoculation site and tumor growth was monilored, as described above. All
studies were conducted in accordance with the GSK Policy on the Care, Welfare and Treatment
of Laboratory Animals and were reviewed by the Institutional Animal Care and Use Commitiee
at GSK.

immunephenotyping and cytokine analysis

Tumors, blood and tissues were harvesied from CT-26 mice on day G, day 1 and day 8 after first
CRX-601 dosing. Mouse white blood cells and dissociated tumor single cells were stained
freshly with surface or intracellular staining antibodies for multicolor flow cylometry analysis for
immunephenctyping. Mulliplex cytokine analysis was performed using mouse plasma saniples

from the same study.
Statistical Analysis

For studies 1 and 2, to determine significance of tumor growth inhibition, tumor volumes at 11
study 1) or 15 (study 2} days afier first dose were compared between the different treatment
groups. Prior to the analysis, lumor volumes were natural log transformed due to the ineguality
of variance in the different freatment groups. ANOVA followed by pair-wise comparison was
then carried out on the log transformed data. SAS 9.3 and R 3.0.2 analysis software was used.
Kaplan-Meier (KM) method was carried out fo estimate the survival probability of different
freatment groups at a given time. The event for survival analysis was tumor volume of 2000
mm or tumor ulceration, whichever came first. The exact time to cut-off volume was estimated
by fitling a linear line between log tumor volume and day of two observalions, the first
observation that excesd the cut-off volume and the one observation that immediately preceded

the cut-off volume. The median time o endpoint and iis corresponding 95% confidence interval
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was calculated. Whether or not KM survival curves were siatistically different between any two
groups was then tested by log-rank test. The raw p-value, as well as the false discovery rate
(FDR) adjusted p-values, from the comparisons of days to evenis by survival analysis and the
comparisons of log transformed lumor volume at indicaled days between treatment groups was
delermined. The ones with FDR adjusied p-values £ 0.05 were declared 1o be siatistically

significant.

For study 3, to determine the significance of tumor growth inhibition, tumor volumes at 12 days
after first dose were compared between the different freatment groups. Treatments were
compared by standard ANOVA meihods followed by FDR adjusiment for multiplicity. Response
is sguare rool of volume, for homoscedasticity {equal variance) reasons. Kaplan-Meier (KM)
method was carried out to estimate the survival probability of different treatment groups at a
given time. For these survival analyses, “Death” means crossing the tumor volume cutoff (2000
mm3). “Survival” means proporiion of mice not "Dead”, and “Survival time” means days until
“Death”. If a mouse crossed the volume cutoff between two mesasurement days, then the day
of “death” was estimaied by linear interpolation. If a mouse crossed the volume culoff more
than once, the first crossing was used. Trealmenis were compared by the standard log-rank
test for two treatments. The log-rank p-values were adjusted for muitiplicity using the FDR
(false discovery raie} method. Significance was defined as FDR <= $.05. All calculations and

graphs were done using R software, version 3.2.3.

Results

The studies 1-3 were conducied to assess tumor size and survival time in mice freated with

CRX-601 and & therapeutic antibody, both alone and in combination with each other.
Study 1

In order o determine CRX-601 monotherapy aclivity with intratumoral dosing, mice were
inoculated with 5x10* CT-28 cells and randomized into groups of 10 listed below when turmor

size reached approximately 100 mm® as described in Materials and Methods.
Group 1: Vehicle dosed intratumoral iwice per week for 6 doses total
Group 2: CRX-801 0.1 ug/mouse dosed infratumoral twice per week for 6 doses total

Group 3: CRX-601 1 ug/mouse dosed intratumoral twice per week for 8 doses total
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Group 4: CRX-801 10 ug/mouse dosed infratumoral twice per week for 6 doses total
Group 5 CRX-601 50 ug/mouse single dose

With intratumoral dosing, dose-dependent anti-tumor activily {as measured by tumor growth
inhibition over time) was observed for the TLR4 agonist CRX-801 in the CT-26 syngeneic
mouse tumor model. The 10 ug and 50 yg dosed mice showed stalistically significant (Fp-
values < (0.05) tumor growth inhibition 11 days after the initial dose compared o vehicle.

Results are shown in Figure 19.

Mice ireated with the TLR4 agonist CRX-801 in this study also showed a statistically significant
increase in survival time. The 50 ug dosed mice showed a statistically significant ("p-values <
0.05) increase in survival compared to vehicle by day 42 post CT26 tumor cell incculation when
the study was ended. On this day, only mice from the 50 ug and 10 ug CRX-801 groups

ramained on study. Three of the four mics in the 50 ug group were fumor-free, with the fourth
mouse showing a tumor volume of 854.18 mm®. The single mouse remaining in the 10 pg group

was tumor-free. {see Figure 20).
Study 2

in order to determine CRX-601 monotherapy activily with intravenous dosing, mice were
inoculated with 5x10* CT-26 cells and randomized into groups of 10 below when tumor size

reached approximately 100 mm® as described in Materials and Methods.

Group 1: Vehicle dosed intravenous twice per week for 8 doses total

Group 2: CRX-601 1 ug/mouse dosed intravenous twice per week for 6 doses iotal
Group 3: CRX-801 10 ug/mouse dosed intravenous twice per week for 8 doses {otal
Group 4: CRX-601 100 ug/mouse single dose

With intravenous dosing, dose-dependent anti-tumor activily (as measured by fumor growth
inhibition over time) was observed for the TLR4 agonist CRX-801 in this CT-26 syngeneic
mouse umor model. The 10 yg and 100 pg dosed mice showed stalistically significant ("p-
values < 0.05) tumor growth inhibition 15 days afier the initial dose compared o vehicle (see

Figure 21).
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Mice treated with the TLR4 agonist CRX-601 In this CT-26 syngeneic mouse tumor model also
showed stalistically significant increase in survival compared with vehicle. The 100 ug dosed
mice showed a statistically significant increase (*p-values £ 0.05) in survival compared to
vehicle when the siudy was ended on day 32 post CT-26 tumor cell inoculation. One of the
three mice remaining in this group was tumor-free, while the other mice showed tumor volumes
of 1500.49 and 962.61 mm®. The single mouse remaining in the 10 pg dose group had a tumor

volume of 188.0 mir®. (See Figure 22)
Siudy 3

As part of combination studies comparing CRX-601 activily alone and in combination with a
therapeutic antibody {combination data not shown) CRX-601 was dosed either intravenous (1Y)
using a 0.5% Glyceroli4% dexirose vehicle, or intratumoral {IT) using a DORC/CHOL liposomal
formulation, and mice were inoculated with 5x10* CT-26 cells and randomized into groups of 10
below when tumor size reached approximately 100 mm® as described in Materials and Methods.
Groups 1and 5 were control groups for the intravenous/intraperonionel and
intratumoeral/intraperontonel, respectively. Groups 2 and 7 were administered CRX-601. Groups
3, 4, 8, and 8 were administered a combination of CRX-601 and a therapeutic antibody

{combination data not shown).

Group 1: Vehicle (0.5% Glycerol{4% dextrose) dosed intravenous once per week for 3 doses

total + Rat IgG1 25 ug/mouse dosed intraperontoneal twice per week for § doses toial

Group 2: CRX-801 25 ug/mouse {in 0.5% Giveeroli4% dexirose) dosed infravenous once per
week for 3 doses tolal + Rat igG1 25 ug/mouse dosed inlraperonfoneal twice per week for 6

doses fotal

Group 5 Vehicle (DOPC/CHOL Liposome) dosed intratumoral once per week for 3 deses total

+ Rat IgG1 25 ug/mouse dosed intraperonioneal twice per week for 8 doses fotal

Group 7: CRX-801 25 ug/mouse (in DOPC/CHOL Liposome) dosed intraiumoral once per week
for 3 doses tofal + Rat IgG1 25 ug/mouse dosed intraperontoneal twice per week for 6 doses

total

Anti-turmor activily was assessed {as measurad by tumor growth inhibition over time) for

freatment groups12 days after the initial dose. The sub-optimal monotherapy CRX-801 dose of
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25 ug/mouse showed statistically significant ("p-values £ 0.05) umor growth inhibition when
dosed intravenous (Group 2 Figure 23) or intratumeral {Group 7, Hposomal formulation Figure

24 ) compared 1o corresponding control groups {Group 1 and Group 5 respectively).

in this CT-26 syngeneic mouse model study, survival advantage was also delermined 80 days
after the first dose. CRX-601 dosed as a monotherapy IV (Group 2), showed a statistically
significant (*p-values < 0.05) increase in survival compared to control Group 1. (Figure 25)
Group 2 had § out of 10 mice showing full tumor regressions. CRX-601 dosed as a
monctherapy infratumoral with the DOPC/CHOL liposome formulation {Group 7), showed a
statistically significant {*p-values £ 0.05) increase in survival compared o control Group 5.
(Figure 26). Naive conirol mice and fully regressed tumor-free mice on day 80 were re-
challenged with CT26 tumor cells. CT26 tumors grew as expected in naive conirol mice, but
were rejecied with no tumor growth in the treatment group mice. This result indicates a
persistent anti-tumor memory due to CRX-601. (Figure 27} This lack of tumor growih indicates

a persistent anti-tumor memory due to CRX-601.

EXAMPLE 11 Abscopal effects of CRX-601
Study 4

An abscopal effect is described as distant tumor regression after a local tumor treatment. In
order o asses abscopal effecis, mice were inoculaled with 5x10* CT-26 cells on the left flank,
and 5x10% CT-26 cells on the right flank as described in Malerials and Methods for single tumor
inoculation. Thus, in this study, each mouse possessed two fumors, one on the right flank, and
one on the ieft flank. Mice were randomized into groups of 10 as shown below when tumor size
reached approximately 100 mm?® for the right flank, and left flank tumor size was similar. Ina
study designed to determine abscopal effect of CRX-601 activity alone and in combination with
a therapeutic antibody, (combination data not shown) CRX-601 was dosed intralumoral (IT) in
the left flank tumor only using a DOPC/CHOL liposomal formulation. Tumor size was monitored
for both the right and left flank tumors. Results of the study provide evidence supporiing the

efficacy of administering CRX-601 alone for the treatment of cancer.

Group 1: Vehicle (DOPC/CHOL Liposome) dosed intratumoral once per week for 3 doses fotal

+ Rat IgG1 25 ug/mouse dosed intraperontoneal twice per week for 6 doses total
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Group 2 CRX-601 25 ug/mouse (in DOPC/CHOL Liposome) dosed intratumoral once per week
for 3 doses tofal + Rat IgG1 25 ug/mouse dosed intraperontoneal twice per week for 6 doses

total

Anti-turmor activily was assessed {as measurad by tumor growth inhibition over time) for
freatment groups. Mice were removed from study if either or both tumors reached 2,000 mm®.
By study day 80 post first dose, all mice remaining on study were completely tumor free, and
abscopal effect and survival advantage was determined. Abscopal effect of CRX-601 was
observed where the local lefi flank tumor IT injection resulted in distant right flank tumor
regression. Figure 28 showed that in group 2, 10 mice received liposomal CRX-601
intratumoral injections, 2 out 10 mice (mouse #4 and mouse #8) showed complete tumor
regression on the treated tumor sites {dark grey ling). both mouse #4 and mouse #6 also had
complete tumor regression on the untreated distant tumor on the other flank (light grey line),
which indicated that IT injection of CRX-601 resulted in abscopal effect (Figure 28). CRX-601
{iiposomal} IT injection resulted in a significant survival benefit compared to the control group

{blank liposome + rat IgG1 IT, group 2, p=0.011, graph not shown)
EXAMPLE 12 EMTS Syngeneic Tumor Model

The in vivo anti-tumor efficacy of the TLR4 agonist (CRX-601) was assessed in the murine
EMTE breast epithelial syngeneic solid tumor model as a monotherapy versus confrol and anti-
PD-1 treatment. Seven {o eight week old female Balb/c mice (BALB/cAnNHsd, Envige) were
used in these studies. Murine EMTS6 breast epithelial cells (ATCC catalog number lot # CRL-
2755) were cuitured in RPMI growih medium supplemented with 10% fetal bovine serum (FBS)
in a humidified 37°C incubator with 5% CO2. EMTB cells cultured in logarithmic growth were
harvested from tissue culture flasks and centrifuged for 5 minutes at 450xg at 4°C for ten
minutes to peliet cells. The supernatant was discarded, and cells were washed in ice cold
phosphate buffered saline (PBS) without calcium and magnesium and centrifuged again for 5
minutes ai 450xg at 4°C for fen minutes {o pellet cells. The cells were resuspended in sterile
RPMI media without FBS and adjusted to a cell concentration of 1x10° cells/ml. 100 yl of the
cell stock was implanted via subcutaneous injection inte the right flank of each Balb/c mouse.
After seven or nine days when the average tumor size reached approximately 100 mm?®, mice
were randomized into study cohorts according to tumor size and the first realment dose was

given. The TLR4 agonist {CRX-801) or vehicle was dosed via a sysiemic intfravenous dose
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once per week for three tolal doses. The CRX-601 vehicle was 0.5% Glyceroli4% Dexdrose, eE
810115-V. The rat anti-mouse PD-1 receplor antibody (clone RMP1-14, BioXCeli catalog #
BED146, lot # 5792-5909016J1 ) or Rat lgG2a isotype conirol antibody (BioXCell catalog #
BECO8BY, ot # 801416M1B) was dosed via an intraperifoneal injection given every other day for a
iotal of three doses, with the first dose given concurrenily with the first CRX-801 dose. Caliper
measuremenis were taken three times per week {o assess fumor growth, and mice with tumors
>2,000 mm® for 2 consecutive measurements or mice with tumors which formed open ulcers
were removed from the study. Tumor volume was calculated using the formula (0.52) x
{Length) x (Width2). All studies were conducted in accordance with the GSK Policy on the
Care, Welfare and Trealment of Laboratory Animals and were reviewed by the Institulional
Animal Care and Use Commitiee at GSK. To determine significance of tumor growth inhibition,
tumor volumes 19 days post first dose were compared between the different treatment groups.
Treatments were compared by standard ANOVA methods followed by FDR adjustment for
multiplicity. Response is square root of volume, for homoescedasticity (equal variance) reasons.
Kaplan-Meier (KM) method was carried out to estimale the survival probability of different
treatment groups at a given time. For these survival analyses, “Death” means crossing the
tumor volume culoff (2000 mm3). "Survival” means proportion of mice not "Bead”, and "Survival
time” means days until “Death”. I 3 mouse crossed the volume culoff betwsen two
measurement days, then the day of "Death” was estimated by linear interpolation. If a mouss
crossed the volume cutoff more than once, the first crossing was used. Treatmenis were
compared by the standard log-rank test for two treatments. The log-rank p-values were
adjusted for multiplicity using the FDR (false discovery rate) method. Significance was defined

as FDR <= 0.05. All calculations and graphs were done using R software, version 3.2.3.
The mouse cohorts were as follows:

Group 1: Vehicle + 200 ug Rat igGZa

Group 20 25 ug CRX-801 + 200 ug Rat igiG2a

Group 3: Vehicle + 200 ug anti-PD-1

With infravenous dosing, anti-turnor activily (as measured by tumor growth inhibition over time)
was observed for the TLR4 agonist CRX-801 in the EMTE syngeneic mouse tumor model. The

25 pug CRX-601 dosed mice showed siatistically significant tumor growth inhibition 18 days afier
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the initial dose compared fo vehicle group 1 (Fp-value <0.001), and compared o anti-PD-1
treatment group 3 ("p-value =0.041). Resulls are shown in Figure 28. The anti-PD-1
treatment showed statistically significant tumor growth inhibition 19 days after the initial dose

compared o vehicle group 1 {("p-value =0.03).

Mice treated with the TLR4 agonist CRX-601 in this study also showed a statistically significant
increase in survival time. The 25 pg CRX-601dosed mice showed a statistically significant {*p-
value =0.03) increase in survival compared to vehicle group 1 by day 33 post EMTS tumor cell
incculation. On this day, 6 mice from the 25 ug CRX-801 group remained on study. 4 mice
were fumor free, while two mice possessed tumor volumes of 649 and 382 mm®. The 200 ug
anti-PD-1 dosed mice dosed mice did not show a statistically significant {p-value = 0.199)
increase in survival compared o vehicle group 1 by day 33 post EMTS tumor cell incculation.
On this day, 5 mice from the anti-PD-1 group remained on study. 3 mice were tumor free, while

two mice possessed tumor volumes of 1517 and 917 mm®. Results are shown in Figure 30.
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We claim:

1.

10.

1.

12.

A composition of a TLR4 agonist for freating cancer and optionally combined with an
arti-cancer agent.

The composition or combination of any of the preceding claims, wherein the TLR4
agonist is an aminoalky! glucosaminide phosphate (AGP).

The composition or combination of any of the preceding claims, wherein the TLR4
agonist is a compound of Formula |

The composition or combination of any of the preceding claims, wherein the TLR4
agonist is a compound of Formula 1a.

The composition or combination of any of the preceding claims, wherein the TLR4
agonist is selected from the group consisting of: CRX-601, CRX-547 and CRX-527.

A combination kit comprising a TLR4 agonist or combination according o any of the
preceding claims together with one or more pharmaceutically acceptable carriers.

A pharmaceutical composition comprising TLR4 agonist or combination according to any
of the preceding claims together with a pharmaceutically acceptable diluent or carrier.

A pharmaceutical composition comprising a therapeutically effective amount of an anti-
cancer agent and a second pharmaceutical composition comprising a therapeutically

gffective amount of a TLR4 modulator of any of the preceding claims.

Use of a TLR4 agonist combination or pharmaceutical composition according to any of
the preceding claims in the manufaciure of a medicament for the treatment of cancer.

A combination or pharmaceutical compaosition according to any of the preceding claims
for use in therapy.

A combination or pharmaceutical composition according to any of the preceding claims
for use in trealing cancer.

A method of treating cancer in @ human in need thereof comprising administering a
combination or pharmacsutical composition of any of the preceding claims.
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13

14.

15.

16.

17.

18.

19,

20.

21.

A method of treating cancer in a human in need thereof comprising administering a
therapeutically effective amount of an anti-cancer agent of any of the preceding claims
and a TLR4 agonist of any of the preceding claims.

The method of any of the preceding claims, wherein the anti-cancer agent and the TLR4
agonist are administered at the same time.

The method of any of the preceding claims, wherein the anti-cancer agent and the TLR4
agonist are adminisiered sequentially, in any order.

The method of any of the preceding claims, wherein the anti-cancer agent and the TLR4
agonist are adminisiered systemically, e.q. intravenously.

The method of any of the preceding claims, wherein the anti-cancer agent is
administiered systemically, e.q. intravenously, and the TLR4 agonist is administered

intratumorally.

The method of any of the preceding claims, wherein anti-cancer agent is administered
intratumorally and the TLR4 agoniost is administered systemically, e.g. intravenously.

The method of any of the preceding claims, wherein the anti-cancer agent and TLR4
agonist are administerad intratumorally.

The method of any of the preceding claims, wherein the cancer is a solid tumor.

The method of any of the preceding claims, wherein the TLR4 agonist provides an
abscopal effect.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

2-5(completely); 1, 6-21(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210
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