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CLASSIFYING TUMORS AND PREDICTING RESPONSIVENESS

Cross-Reference to Related Applications
[0001] This application claims priority to United States Provisional Application No.
63/305,944, filed February 2, 2022, the entirety of which is incorporated herein by
reference.
Background
[0002] Cancer is the second leading cause of death in the United States.
Increasingly, immune modulating therapies, such as therapy with immune checkpoint
inhibitors (ICI) are being explored as promising potential therapies for many cancers.
Summary
[0003] The present disclosure provides technologies for determining likelihood of
patient responsiveness to certain therapies (e.g., for stratifying patient populations), and for
treatment of cancer by administering such therapy to responsive patients and/or populations
(and/or withholding such therapy and/or administering alternative therapy to non-responsive
patients and/or populations), as defined herein. In particular, the present disclosure provides
technologies for determining likelihood of patient responsiveness to immunomodulation

therapy.

[0004] Without wishing to be bound by any particular theory, the present disclosure
provides an insight that effective biomarkers for responsiveness to relevant therapy (e.g.,
immunomodulation therapy, and particularly ICI therapy) may be those that capture aspects
of immunosurveillance, immunosuppression, and immune evasion as a tumor transitions
from a proliferative to a metastatic state. Alternatively or additionally, the present disclosure
provides an insight that effective biomarkers for responsiveness to immunomodulation
therapy may asses one or more features of an immunological state of the tumor

microenvironment (TME).

[0005] The present disclosure demonstrates, among other things, that assessment of
a mesenchymal (M) gene expression signature, a mesenchymal stem-like (MSL) gene
expression signature and an immunomodulatory (IM) gene expression signature can together
provide an immuno-oncology score (an IO score) that is an effective biomarker for
responsiveness to certain therapies (e.g. immunomodulation therapy, and particularly ICI
therapy). In some embodiments, mesenchymal (M) gene expression signature,

mesenchymal stem-like (MSL) gene expression signature and immunomodulatory (IM) gene
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expression signature are assessed through examination of a set of genes provided herein. In
some embodiments, mesenchymal (M) gene expression signature, mesenchymal stem-like
(MSL) gene expression signature and immunomodulatory (IM) gene expression signature
are assessed through examination of genes determined through use of a gene expression

algorithm.

[0006] In some embodiments, the present disclosure provides technologies for
monitoring therapy administered to a cancer patient through assessment of an 10 score over
time. Alternatively or additionally, the present disclosure provides methods of selecting
and/or adjusting therapies administered to a cancer patient through assessment of an 10
score at multiple time points. In some embodiments, the present disclosure provides
methods for selectively administering one or more therapies to a cancer patient determined

to have an 10 score meeting a certain threshold value.

[0007] Without wishing to be bound by a particular theory, the present disclosure
provides an insight that assessment of an IO score can inform selection of a particular
therapy (e.g. immunomodulation therapy, and particularly ICI therapy) for administration to
a patient with a malignancy or potential malignancy. In some embodiments, the present
disclosure provides an insight that assessment of an 10 score can inform selection of a
combination of one or more therapies, either in tandem or in sequence (e.g. comprising one

or more immunomodulation therapies).

[0008] The present disclosure demonstrates, among other things, development of a
tumor classifier effective to distinguish between responsiveness and non-responsiveness to
immunomodulation therapy. In some embodiments, the present disclosure provides an

insight that a tumor classifier can be trained for use in multiple different tumor types.

[0009] Altematively or additionally, the present disclosure permits assessment of
association (e.g., correlation) with classified IM, M, and/or MSL features. In some
embodiments, the present disclosure permits identification and/or characterization of other
parameters (e.g., RNA levels, gene expression, gene mutation, protein expression, protein
modification, epigenetic modification, efc.) for association. In some embodiments, such
associated features may comprise biomarkers that may be detected (e.g., measurement of
presence and/or or levels). In some embodiments, such associated features may comprise a
particular form (e.g., variant form (e.g., presence of a particular allele or mutation), modified

form (e.g., epigenetic modification of a gene or gene associated sequence, phosphorylation
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or glycosylation of a protein, etc.), a particular one of known forms (e.g., splicing forms,
allelelic forms, etc.), etc.) of one or more genes or gene products. In some embodiments,
technologies provided herein permit assessment of association with IM, M, and/or MSL
features, which can reveal presence and/or development of biological event(s) that
recommend particular therapy be used in addition or as an alternative to immunomodulation

therapy.

[0010] In some embodiments, the present disclosure provides a method of
characterizing a potential cancer therapy by determining that said therapy directly or
indirectly correlates with IM, M, and/or MSL features. In some embodiments, the present
disclosure provides a method comprising a step of detecting in a subject who is a candidate
for receiving a particular therapy a biomarker established to correlate with responsiveness or

non-responsiveness to the therapy.

[0011] In some embodiments, the present disclosure provides a method of treating a
subject in whom a biomarker has been detected, the method comprising steps of
administering immunomodulation therapy or therapy that sensitizes to immunomodulation
therapy if the therapy has been correlated with IM status and administering alternative

therapy if the biomarker has been correlated with M or MSL subtype.

[0012] In some embodiments, the present disclosure provides a method of treating a
subject in whom a biomarker has been detected, the method comprising steps of
administering therapy that has been correlated with IM status if the biomarker has also been
so correlated and administering therapy that has been correlated with M or MSL subtype if

the therapy has also been so correlated.

[0013] In some embodiments, mesenchymal (M) gene expression signature,
mesenchymal stem-like (MSL) gene expression signature and/or immunomodulatory (IM)
gene expression signatures as provided here, and/or models or representations of tumor
subtype and/or are used to establish and/or characterize (e.g., validate) biomarkers of tumor
subtype or status (i.e., of IM, M, or MSL character), and/or of responsiveness to particular
therapy, for example by demonstrating correlation with a provided gene expression

signature and/or with a result (e.g., a heat map) of its application to tissue analysis.

[0014] Still further, by demonstrating effectiveness of provided technologies at

classifying tumor subtype, status and/or responsiveness, the present disclosure provides
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technologies that permit investigation and/or interpretation of data such as clinical and/or
cell line data, including relevant to development of resistance to one or more particular
therapies (e.g., ICI therapy) and/or emergence of additional targets for therapy. Thus, in
some embodiments, the present disclosure provides technologies for identifying and/or
characterizing therapeutic targets, for selecting, administering and/or adjusting therapeutic
regimens (e.g., to address or anticipate developing resistance and/or emerging target(s) in a

particular subject or set of subjects.

[0015] Advantages of certain embodiments of provided technologies include that
such assessment may be of data inputs from any of a variety of platforms; as documented
herein, strategies provided by the present disclosure can provide an effective 10 score

biomarker independent of data input source.

Brief Description of the Drawings
[0016] Figure 1. Common Immune Checkpoint Pathways and FDA-Approved ICIs.
Figure adapted from Hui ef al., “Immune checkpoint inhibitors™ J. Cell Biol. 218, 2019,
incorporated herein by reference in its entirety. Artwork by Neil Smith

(nel@neilsmithillustration.co.uk).

[0017] Figure 2: Schematic of chimeric antigen receptor (CAR) structure, adapted
from Feins et al ef al., “An introduction to chimeric antigen receptor (CAR) T-cell
immunotherapy for human cancer”, Am J Hematol. 94, 2019, incorporated herein by

reference in its entirety.

[0018] Figure 3: Major types of neoantigen vaccines, adapted from Peng et al.,
“Neoantigen vaccine: an emerging tumor immunotherapy”, Mol. Cancer, 18, 2019,

incorporated herein by reference in its entirety.

[0019] Figure 4. Mechanisms of Rescue of CAR T cell Exhaustion with Checkpoint
Blockade, adapted from Grosser ef al., “Combination Immunotherapy with CAR T Cells and
Checkpoint Blockade for the Treatment of Solid Tumors™, Cancer Cell, 36, 2019,

incorporated herein by reference in its entirety.

[0020] Figure 5: Pathways interfering with PD-1 signaling, adapted from Langdon
et al., “Combination of dual mMTORC1/2 inhibition and immune-checkpoint blockade
potentiates anti-tumour immunity”, Oncoimmunology, 7, 2018, incorporated herein by

reference in its entirety.
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[0021] Figure 6: Gene selection process for building the 27-gene immuno-oncology
algorithm. Gene set resulted from data set normalization, batch correction, gene set

enrichment analysis, and elastic net modeling.

[0022] Figure 7: Overview of 10 score as a measure of the TME state.

[0023] Figure 8: Mapping of 10 score against gene signatures for bladder cancer
data

[0024] Figure 9: Association of 10 scoring with gene signature classifications
[0025] Figure 10: Placement of the 27 10 scores relative to the TME and

identification of pathways associated with certain metagenes

[0026] Figure 11: Confirmation of 10 scoring threshold accuracy

[0027] Figure 12: 10 scoring as predictor of overall survival rates for bladder cancer
ICI therapy trial.

[0028] Figure 13: Mapping of gene expression and compound sensitivity in relation

to subtypes with training set of cell lines.

[0029] Figure 14: Mapping of gene expression and compound sensitivity in relation

to subtypes with test set of cell lines.

[0030] Figure 15: Correlation of immune signatures (red is positive correlation,

blue is negative correlation).

[0031] Figure 16: Mapping of gene expression and immune signatures in relation to

subtypes for lung adenocarcinoma training data set.

[0032] Figure 17: Mapping of gene expression and immune signatures in relation to

subtypes for lung squamous cell training data set.

[0033] Figure 18: Mapping of gene expression and immune signatures in relation to

subtypes for lung adenocarcinoma test data set.

[0034] Figure 19: Mapping of gene expression and immune signatures in relation to

subtypes for lung squamous cell carcinoma test data set.

[0035] Figure 20A: Correlation of miRNA expression to DTIO binary call for pre-
miRNA validation set; Figure 20B: pre-miRNA test set; Figure 20C: mature miRNA

validation set; and Figure 20D: mature miRNA test set.
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[0036] Figure 21: Representation of sets of co-expressed genes across fifteen

different tumor types and resulting immune infiltrate signatures.

[0037] Figure 22: Comparison of immune network signatures to ImmGen
signatures.

[0038] Figure 23: Comparison of immune network signatures to xCell signatures.
[0039] Figure 24A: Mapping of gene expression and immune signatures in relation

to subtypes for breast test data set; Figure 24B: for lung adenocarcinoma training data set;
Figure 24C: for lung squamous cell carcinoma training data set; Figure 24D: for colon

carcinoma test data set; and Figure 24E: for bladder carcinoma test data set;

[0040] Figure 25A: Mapping of gene expression and immune signatures in relation
to subtypes for TCGA training set; Figure 25B: for TCGA test set; and Figure 25C: for

both training and test set.

[0041] Figure 26A: Distribution of immune network signatures in relation to IM, M,
and MSL subtypes for lymphoid training set; Figure 26B: for myeloid training set; Figure
26C: for lymphoid test set; Figure 26D: for myeloid test set; Figure 26E: for lympohid

training and test sets; Figure 26F: for myeloid training and test sets.

[0042] Figure 27A: Kaplan-Meier plots of patient survival for patients for network
B-cell signature for IMVIgor cohort; Figure 26B: for network non-B lymphoid signature for
IMVIgor cohort; Figure 27C: for network B-cell signature for UNC bladder samples;
Figure 27D: for network non-B lymphoid signature for UNC bladder samples.

Definitions
[0043] About: The term “about”, when used herein in reference to a value, refers to
a value that is similar, in context to the referenced value. In general, those skilled in the art,
familiar with the context, will appreciate the relevant degree of variance encompassed by
“about” in that context. For example, in some embodiments, the term “about” may
encompass a range of values that within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%,
12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referred value.

[0044] Administration: As used herein, the term “administration” refers to the
administration of a composition to a subject or system (e.g., to a cell, organ, tissue,
organism, or relevant component or set of components thereof). Those of ordinary skill will

appreciate that route of administration may vary depending, for example, on the subject or
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system to which the composition is being administered, the nature of the composition, the
purpose of the administration, etc. For example, in certain embodiments, administration to
an animal subject (e.g., to a human) may be bronchial (including by bronchial instillation),
buccal, enteral, interdermal, intra-arterial, intradermal, intragastric, intramedullary,
intramuscular, intranasal, intraperitoneal, intrathecal, intravenous, intraventricular, mucosal,
nasal, oral, rectal, subcutaneous, sublingual, topical, tracheal (including by intratracheal
instillation), transdermal, vaginal and/or vitreal. In some embodiments, administration may
involve intermittent dosing. In some embodiments, administration may involve continuous

dosing (e.g., perfusion) for at least a selected period of time.

[0045] Agent . In general, the term “agent”, as used herein, is used to refer to an
entity (e.g., for example, a lipid, metal, nucleic acid, polypeptide, polysaccharide, small
molecule, etc, or complex, combination, mixture or system [e.g., cell, tissue, organism|
thereof), or phenomenon (e.g., heat, electric current or field, magnetic force or field, etc). In
appropriate circumstances, as will be clear from context to those skilled in the art, the term
may be utilized to refer to an entity that is or comprises a cell or organism, or a fraction,
extract, or component thereof. Alternatively or additionally, as context will make clear, the
term may be used to refer to a natural product in that it is found in and/or is obtained from
nature. In some instances, again as will be clear from context, the term may be used to refer
to one or more entities that is man-made in that it is designed, engineered, and/or produced
through action of the hand of man and/or is not found in nature. In some embodiments, an
agent may be utilized in isolated or pure form; in some embodiments, an agent may be
utilized in crude form. In some embodiments, potential agents may be provided as
collections or libraries, for example that may be screened to identify or characterize active
agents within them. In some cases, the term “agent” may refer to a compound or entity that
is or comprises a polymer; in some cases, the term may refer to a compound or entity that
comprises one or more polymeric moieties. In some embodiments, the term “agent” may
refer to a compound or entity that is not a polymer and/or is substantially free of any
polymer and/or of one or more particular polymeric moieties. In some embodiments, the
term may refer to a compound or entity that lacks or is substantially free of any polymeric

moiety.

[0046] Agonist. Those skilled in the art will appreciate that the term “agonist” may

be used to refer to an agent, condition, or event whose presence, level, degree, type, or form



WO 2023/150194 PCT/US2023/012158

correlates with increased level or activity of another agent (i.e., the agonized agent or the
target agent). In general, an agonist may be or include an agent of any chemical class
including, for example, small molecules, polypeptides, nucleic acids, carbohydrates, lipids,
metals, and/or any other entity that shows the relevant activating activity. In some
embodiments, an agonist may be direct (in which case it exerts its influence directly upon its
target); in some embodiments, an agonist may be indirect (in which case it exerts its
influence by other than binding to its target; e.g., by interacting with a regulator of the

target, so that level or activity of the target is altered).

[0047] Agonist Therapy: The term “agonist therapy™, as used herein, refers to
administration of an agonist that agonizes a particular target of interest to achieve a desired
therapeutic effect. In some embodiments, agonist therapy involves administering a single
dose of an agonist. In some embodiments, agonist therapy involves administering multiple
doses of an agonist. In some embodiments, agonist therapy involves administering an
agonist according to a dosing regimen known or expected to achieve the therapeutic effect,
for example, because such result has been established to a designated degree of statistical

confidence, e.g., through administration to a relevant population.

[0048] Antibody: As used herein, the term “antibody” refers to a polypeptide that
includes canonical immunoglobulin sequence elements sufficient to confer specific binding
to a particular target antigen. As is known in the art, intact antibodies as produced in nature
are approximately 150 kD tetrameric agents comprised of two identical heavy chain
polypeptides (about 50 kD each) and two identical light chain polypeptides (about 25 kD
each) that associate with each other into what is commonly referred to as a “Y-shaped”
structure. Each heavy chain is comprised of at least four domains (each about 110 amino
acids long)— an amino-terminal variable (VH) domain (located at the tips of the Y structure),
followed by three constant domains: CH1, CH2, and the carboxy-terminal CH3 (located at
the base of the Y’s stem). A short region, known as the “switch”, connects the heavy chain
variable and constant regions. The “hinge” connects CH2 and CH3 domains to the rest of
the antibody. Two disulfide bonds in this hinge region connect the two heavy chain
polypeptides to one another in an intact antibody. Each light chain is comprised of two
domains — an amino-terminal variable (VL) domain, followed by a carboxy-terminal
constant (CL) domain, separated from one another by another “switch”. Intact antibody

tetramers are comprised of two heavy chain-light chain dimers in which the heavy and light
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chains are linked to one another by a single disulfide bond; two other disulfide bonds
connect the heavy chain hinge regions to one another, so that the dimers are connected to
one another and the tetramer is formed. Naturally-produced antibodies are also
glycosylated, typically on the CH2 domain. Each domain in a natural antibody has a
structure characterized by an “immunoglobulin fold” formed from two beta sheets (e.g., 3-,
4-, or 5-stranded sheets) packed against each other in a compressed antiparallel beta barrel.
Each variable domain contains three hypervariable loops known as “complement
determining regions” (CDR1, CDR2, and CDR3) and four somewhat invariant “framework™
regions (FR1, FR2, FR3, and FR4). When natural antibodies fold, the FR regions form the
beta sheets that provide the structural framework for the domains, and the CDR loop regions
from both the heavy and light chains are brought together in three-dimensional space so that
they create a single hypervariable antigen binding site located at the tip of the Y structure.
The Fc region of naturally-occurring antibodies binds to elements of the complement
system, and also to receptors on effector cells, including for example effector cells that
mediate cytotoxicity. As is known in the art, affinity and/or other binding attributes of Fc
regions for Fc receptors can be modulated through glycosylation or other modification. In
some embodiments, antibodies produced and/or utilized in accordance with the present
invention include glycosylated Fc domains, including Fc domains with modified or
engineered such glycosylation. For purposes of the present invention, in certain
embodiments, any polypeptide or complex of polypeptides that includes sufficient
immunoglobulin domain sequences as found in natural antibodies can be referred to and/or
used as an “antibody”, whether such polypeptide is naturally produced (e.g., generated by an
organism reacting to an antigen), or produced by recombinant engineering, chemical
synthesis, or other artificial system or methodology. In some embodiments, an antibody is
polyclonal; in some embodiments, an antibody is monoclonal. In some embodiments, an
antibody has constant region sequences that are characteristic of mouse, rabbit, primate, or
human antibodies. In some embodiments, antibody sequence elements are humanized,
primatized, chimeric, etc, as is known in the art. Moreover, the term “antibody” as used
herein, can refer in appropriate embodiments (unless otherwise stated or clear from context)
to any of the art-known or developed constructs or formats for utilizing antibody structural
and functional features in alternative presentation. For example, in some embodiments, an
antibody utilized in accordance with the present invention is in a format selected from, but

not limited to, intact IgA, IgG, IgE or IgM antibodies; bi- or multi- specific antibodies (e.g.,
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Zybodies®, etc); antibody fragments such as Fab fragments, Fab’ fragments, F(ab’)2
fragments, Fd’ fragments, Fd fragments, and isolated CDRs or sets thereof; single chain
Fvs; polypeptide-Fc fusions; single domain antibodies (e.g., shark single domain antibodies
such as IgNAR or fragments thereof); cameloid antibodies; masked antibodies (e.g.,
Probodies®); Small Modular ImmunoPharmaceuticals (“SMIPs™); single chain or Tandem
diabodies (TandAb®); VHHs; Anticalins®; Nanobodies® minibodies; BiTE®s; ankyrin
repeat proteins or DARPINs®; Avimers®; DARTs; TCR-like antibodies;, Adnectins®;
Affilins®; Trans-bodies®; Affibodies®; TrimerX®; MicroProteins; Fynomers®,
Centyrins®; and KALBITOR®s. In some embodiments, an antibody may lack a covalent
modification (e.g., attachment of a glycan) that it would have if produced naturally. In some
embodiments, an antibody may contain a covalent modification (e.g., attachment of a
glycan, a payload [e.g., a detectable moiety, a therapeutic moiety, a catalytic moiety, etc], or

other pendant group [e.g., poly-ethylene glycol, etc.].

[0049] Antibody agent: As used herein, the term “antibody agent™ refers to an agent
that specifically binds to a particular antigen. In some embodiments, the term encompasses
any polypeptide or polypeptide complex that includes immunoglobulin structural elements
sufficient to confer specific binding. Exemplary antibody agents include, but are not limited
to monoclonal antibodies or polyclonal antibodies. In some embodiments, an antibody
agent may include one or more constant region sequences that are characteristic of mouse,
rabbit, primate, or human antibodies. In some embodiments, an antibody agent may include
one or more sequence elements are humanized, primatized, chimeric, etc, as is known in the
art. In many embodiments, the term “antibody agent™ is used to refer to one or more of the
art-known or developed constructs or formats for utilizing antibody structural and functional
features in alternative presentation. For example, embodiments, an antibody agent utilized
in accordance with the present invention is in a format selected from, but not limited to,
intact IgA, IgG, IgE or IgM antibodies; bi- or multi- specific antibodies (e.g., Zybodies®,
etc); antibody fragments such as Fab fragments, Fab’ fragments, F(ab”)2 fragments, Fd’
fragments, Fd fragments, and isolated CDRs or sets thereof; single chain Fvs; polypeptide-
Fc fusions; single domain antibodies (e.g., shark single domain antibodies such as IgNAR
or fragments thereof); cameloid antibodies; masked antibodies (e.g., Probodies®); Small
Modular ImmunoPharmaceuticals (“SMIPs™); single chain or Tandem diabodies

(TandAb®); VHHs; Anticalins®; Nanobodies® minibodies; BITE®s; ankyrin repeat
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proteins or DARPINs®; Avimers®; DARTs; TCR-like antibodies;, Adnectins®; Affilins®;
Trans-bodies®; Affibodies®; TrimerX®; MicroProteins; Fynomers®, Centyrins®; and
KALBITOR®s. In some embodiments, an antibody may lack a covalent modification (e.g.,
attachment of a glycan) that it would have if produced naturally. In some embodiments, an
antibody may contain a covalent modification (e.g., attachment of a glycan, a payload [e.g.,
a detectable moiety, a therapeutic moiety, a catalytic moiety, etc|, or other pendant group
[e.g., poly-ethylene glycol, etc.]. In many embodiments, an antibody agent is or comprises a
polypeptide whose amino acid sequence includes one or more structural elements
recognized by those skilled in the art as a complementarity determining region (CDR); in
some embodiments an antibody agent is or comprises a polypeptide whose amino acid
sequence includes at least one CDR (e.g., at least one heavy chain CDR and/or at least one
light chain CDR) that is substantially identical to one found in a reference antibody. In
some embodiments an included CDR is substantially identical to a reference CDR in that it
is either identical in sequence or contains between 1-5 amino acid substitutions as compared
with the reference CDR. In some embodiments an included CDR is substantially identical
to areference CDR in that it shows at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity with the reference CDR.
In some embodiments an included CDR is substantially identical to a reference CDR in that
it shows at least 96%, 96%, 97%, 98%, 99%, or 100% sequence identity with the reference
CDR. In some embodiments an included CDR is substantially identical to a reference CDR
in that at least one amino acid within the included CDR is deleted, added, or substituted as
compared with the reference CDR but the included CDR has an amino acid sequence that is
otherwise identical with that of the reference CDR. In some embodiments an included CDR
is substantially identical to a reference CDR in that 1-5 amino acids within the included
CDR are deleted, added, or substituted as compared with the reference CDR but the
included CDR has an amino acid sequence that is otherwise identical to the reference CDR.
In some embodiments an included CDR is substantially identical to a reference CDR in that
at least one amino acid within the included CDR is substituted as compared with the
reference CDR but the included CDR has an amino acid sequence that is otherwise identical
with that of the reference CDR. In some embodiments an included CDR is substantially
identical to a reference CDR in that 1-5 amino acids within the included CDR are deleted,
added, or substituted as compared with the reference CDR but the included CDR has an

amino acid sequence that is otherwise identical to the reference CDR. In some embodiments,
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an antibody agent is or comprises a polypeptide whose amino acid sequence includes
structural elements recognized by those skilled in the art as an immunoglobulin variable
domain. In some embodiments, an antibody agent is a polypeptide protein having a binding

domain which is homologous or largely homologous to an immunoglobulin-binding domain.

[0050] Antibody component: as used herein, refers to a polypeptide element (that
may be a complete polypeptide, or a portion of a larger polypeptide, such as for example a
fusion polypeptide as described herein) that represents a portion of an antibody or antibody
agent. In some embodiments, an antibody component includes one or more
immunoglobulin structural features. In some embodiments, an antibody component
specifically binds to an antigen. Typically, an antibody component is a polypeptide whose
amino acid sequence includes elements characteristic of an antibody-binding region (e.g., an
antibody light chain variable region or one or more complementarity determining regions
("CDRs") thereof, or an antibody heavy chain or variable region or one more CDRs thereof,
optionally in presence of one or more framework regions). In some embodiments, an
antibody component is or comprises a full-length antibody. In some embodiments, the term
“antibody component” encompasses any protein having a binding domain, which is
homologous or largely homologous to an immunoglobulin-binding domain. In particular
embodiments, an included "antibody component" encompasses polypeptides having a
binding domain that shows at least 99% identity with an immunoglobulin binding domain.
In some embodiments, an included "antibody component" is any polypeptide having a
binding domain that shows at least 70%, 75%, 80%, 85%, 90%, 95% or 98% identity with
an immunoglobulin binding domain, for example a reference immunoglobulin binding
domain. An included "antibody component" may have an amino acid sequence identical to
that of an antibody (or a portion thereof, e.g., an antigen-binding portion thereof) that is
found in a natural source. An antibody component may be monospecific, bi-specific, or
multi-specific. An antibody component may include structural elements characteristic of
any immunoglobulin class, including any of the human classes: IgG, IgM, IgA, IgD, and
IgE. It has been shown that the antigen-binding function of an antibody can be performed
by fragments of a full-length antibody. Such antibody embodiments may also be bispecific,
dual specific, or multi-specific formats specifically binding to two or more different
antigens. Examples of binding fragments encompassed within the term "antigen-binding

portion" of an antibody include (i) a Fab fragment, a monovalent fragment consisting of the

12
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Va, Vi, Cul and CL domains; (i) a F(ab'): fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting
of the Vu and Cul domains; (iv) a Fv fragment consisting of the Vi and VL domains of a
single arm of an antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341 :544-546),
which comprises a single variable domain; and (vi) an isolated complementarity determining
region (CDR). Furthermore, although the two domains of the Fv fragment, Vu and Vi, are
coded for by separate genes, they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain in which the Vu and VL regions
pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883). In some embodiments, an "antibody component", as described herein, is or
comprises such a single chain antibody. In some embodiments, an "antibody component" is
or comprises a diabody. Diabodies are bivalent, bispecific antibodies in which Va and VL
domains are expressed on a single polypeptide chain, but using a linker that is too short to
allow for pairing between the two domains on the same chain, thereby forcing the domains
to pair with complementary domains of another chain and creating two antigen binding sites
(see e.g., Holliger, P., et al., (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak, R. J.,
(1994) Structure 2(12):1121-1123). Such antibody binding portions are known in the art
(Kontermann and Dubel eds., Antibody Engineering (2001) Springer-Verlag. New Y ork.
790 pp. (ISBN 3-540-41354-5). In some embodiments, an antibody component is or
comprises a single chain "/inear antibody" comprising a pair of tandem Fv segments (Vu-
Cul-Vu-Cul) which, together with complementary light chain polypeptides, form a pair of
antigen binding regions (Zapata et al., (1995) Protein Eng. 8(10): 1057-1062; and U.S.
Patent No. 5,641,870). In some embodiments, an antibody component may have structural
elements characteristic of chimeric or humanized antibodies. In general, humanized
antibodies are human immunoglobulins (recipient antibody) in which residues from a
complementary-determining region (CDR) of the recipient are replaced by residues from a
CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the
desired specificity, affinity, and capacity. In some embodiments, an antibody component

may have structural elements characteristic of a human antibody.

[0051] Antigen: The term “antigen”, as used herein, refers to an agent that elicits an

immune response; and/or (ii) an agent that binds to a T cell receptor (e.g., when presented by
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an MHC molecule) or to an antibody. In some embodiments, an antigen elicits a humoral
response (e.g., including production of antigen-specific antibodies); in some embodiments,
an elicits a cellular response (e.g., involving T-cells whose receptors specifically interact
with the antigen). In some embodiments, and antigen binds to an antibody and may or may
not induce a particular physiological response in an organism. In general, an antigen may be
or include any chemical entity such as, for example, a small molecule, a nucleic acid, a
polypeptide, a carbohydrate, a lipid, a polymer (in some embodiments other than a biologic
polymer [e.g., other than a nucleic acid or amino acid polymer) etc. In some embodiments,
an antigen is or comprises a polypeptide. In some embodiments, an antigen is or comprises
a glycan. Those of ordinary skill in the art will appreciate that, in general, an antigen may
be provided in isolated or pure form, or alternatively may be provided in crude form (e.g.,
together with other materials, for example in an extract such as a cellular extract or other
relatively crude preparation of an antigen-containing source). In some embodiments,
antigens utilized in accordance with the present invention are provided in a crude form. In

some embodiments, an antigen is a recombinant antigen.

[0052] Antigen presenting cell: The phrase “antigen presenting cell” or “APC,” as
used herein, has its art understood meaning referring to cells which process and present
antigens to T-cells. Exemplary antigen cells include dendritic cells, macrophages and

certain activated epithelial cells.

[0053] Approximately: As used herein, the term “approximately” or “about,” as
applied to one or more values of interest, refers to a value that is similar to a stated reference
value. In certain embodiments, the term “approximately” or “about” refers to a range of
values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than)
of the stated reference value unless otherwise stated or otherwise evident from the context

(except where such number would exceed 100% of a possible value).

[0054] Associated with: Two events or entities are “associated” with one another, as
that term is used herein, if the presence, level and/or form of one is correlated with that of
the other. For example, a particular entity (e.g., polypeptide, genetic signature, metabolite,
etc.) is considered to be associated with a particular disease, disorder, or condition, if its
presence, level and/or form correlates with incidence of and/or susceptibility to the disease,

disorder, or condition (e.g., across a relevant population). In some embodiments, two or
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more entities are physically “associated” with one another if they interact, directly or
indirectly, so that they are and/or remain in physical proximity with one another. In some
embodiments, two or more entities that are physically associated with one another are
covalently linked to one another; in some embodiments, two or more entities that are
physically associated with one another are not covalently linked to one another but are non-
covalently associated, for example by means of hydrogen bonds, van der Waals interaction,

hydrophobic interactions, magnetism, and combinations thereof.

[0055] Binding: 1t will be understood that the term “binding”, as used herein,
typically refers to a non-covalent association between or among two or more entities.
“Direct” binding involves physical contact between entities or moieties; indirect binding
involves physical interaction by way of physical contact with one or more intermediate
entities. Binding between two or more entities can typically be assessed in any of a variety
of contexts — including where interacting entities or moieties are studied in isolation or in the
context of more complex systems (e.g., while covalently or otherwise associated with a

carrier entity and/or in a biological system or cell).

[0056] Biological Sample: As used herein, the term “biological sample™ typically
refers to a sample obtained or derived from a biological source (e.g., a tissue or organism or
cell culture) of interest, as described herein. In some embodiments, a source of interest
comprises an organism, such as an animal or human. In some embodiments, a biological
sample is or comprises biological tissue or fluid. In some embodiments, a biological sample
may be or comprise bone marrow; blood; blood cells; ascites; tissue or fine needle biopsy
samples; cell-containing body fluids; free floating nucleic acids; sputum; saliva; urine;
cerebrospinal fluid, peritoneal fluid; pleural fluid; feces; lymph; gynecological fluids; skin
swabs; vaginal swabs; oral swabs; nasal swabs; washings or lavages such as a ductal lavages
or broncheoalveolar lavages; aspirates; scrapings; bone marrow specimens; tissue biopsy
specimens; surgical specimens; feces, other body fluids, secretions, and/or excretions; and/or
cells therefrom, efc. In some embodiments, a biological sample is or comprises cells
obtained from an individual. In some embodiments, obtained cells are or include cells from
an individual from whom the sample is obtained. In some embodiments, a sample is a
“primary sample” obtained directly from a source of interest by any appropriate means. For
example, in some embodiments, a primary biological sample is obtained by methods

selected from the group consisting of biopsy (e.g., fine needle aspiration or tissue biopsy),

15



WO 2023/150194 PCT/US2023/012158

surgery, collection of body fluid (e.g., blood, lymph, feces efc.), etc. In some embodiments,
as will be clear from context, the term “sample” refers to a preparation that is obtained by
processing (e.g., by removing one or more components of and/or by adding one or more
agents to) a primary sample. For example, filtering using a semi-permeable membrane.
Such a “processed sample” may comprise, for example nucleic acids or proteins extracted
from a sample or obtained by subjecting a primary sample to techniques such as
amplification or reverse transcription of mRNA, isolation and/or purification of certain

components, efc.

[0057] Biomarker: The term “biomarker” is used herein, consistent with its use in
the art, to refer to a to an entity whose presence, level, or form, correlates with a particular
biological event or state of interest, so that it is considered to be a “marker” of that event or
state. To give but a few examples, in some embodiments, a biomarker may be or comprises
a marker for a particular disease state, or for likelihood that a particular disease, disorder or
condition may develop. In some embodiments, a biomarker may be or comprise a marker
for a particular disease or therapeutic outcome, or likelihood thereof. Thus, in some
embodiments, a biomarker is predictive, in some embodiments, a biomarker is prognostic, in
some embodiments, a biomarker is diagnostic, of the relevant biological event or state of
interest. A biomarker may be an entity of any chemical class. For example, in some
embodiments, a biomarker may be or comprise a nucleic acid, a polypeptide, alipid, a
carbohydrate, a small molecule, an inorganic agent (e.g., a metal or ion), or a combination
thereof. In some embodiments, a biomarker is a cell surface marker. In some embodiments,
a biomarker is a gene. In some embodiments, a biomarker is a gene associated with a
particular cell type. In some embodiments, a biomarker is intracellular. In some
embodiments, a biomarker is found outside of cells (e.g., is secreted or is otherwise
generated or present outside of cells, e.g., in a body fluid such as blood, urine, tears, saliva,
cerebrospinal fluid, etc.). In some embodiments, a biomarker is a particular form (e.g.,
variant form (e.g., presence of a particular allele or mutation), modified form (e.g.,
epigenetic modification of a gene or gene associated sequence, phosphorylation or
glycosylation of a protein, etc.), a particular one of known forms (e.g., splicing forms,

allelelic forms, etc.), etc.) of one or more genes or gene products.

"o 2 on " on

[0058] Cancer: The terms "cancer", “malignancy”, "neoplasm", "tumor", and

"carcinoma", are used interchangeably herein to refer to cells that exhibit relatively
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abnormal, uncontrolled, and/or autonomous growth, so that they exhibit an aberrant growth
phenotype characterized by a significant loss of control of cell proliferation. In general, cells
of interest for detection or treatment in the present application include precancerous (e.g.,
benign), malignant, pre-metastatic, metastatic, and non-metastatic cells. The teachings of
the present disclosure may be relevant to any and all cancers. To give but a few, non-
limiting examples, in some embodiments, teachings of the present disclosure are applied to
one or more cancers such as, for example, hematopoietic cancers including leukemias,
lymphomas (Hodgkins and non-Hodgkins), myelomas and myeloproliferative disorders;
sarcomas, melanomas, adenomas, carcinomas of solid tissue, squamous cell carcinomas of
the mouth, throat, larynx, and lung, liver cancer, genitourinary cancers such as prostate,
cervical, bladder, uterine, and endometrial cancer and renal cell carcinomas, bone cancer,
pancreatic cancer, skin cancer, cutaneous or intraocular melanoma, cancer of the endocrine
system, cancer of the thyroid gland, cancer of the parathyroid gland, head and neck cancers,
breast cancer, gastro-intestinal cancers and nervous system cancers, benign lesions such as

papillomas, and the like.

[0059] Cellular lysate: As used herein, the term “cellular lysate™ or “cell lysate™
refers to a fluid containing contents of one or more disrupted cells (i.e., cells whose
membrane has been disrupted). In some embodiments, a cellular lysate includes both
hydrophilic and hydrophobic cellular components. In some embodiments, a cellular lysate
includes predominantly hydrophilic components; in some embodiments, a cellular lysate
includes predominantly hydrophobic components. In some embodiments, a cellular lysate is
alysate of one or more cells selected from the group consisting of plant cells, microbial
(e.g., bacterial or fungal) cells, animal cells (e.g., mammalian cells), human cells, and
combinations thereof. In some embodiments, a cellular lysate is a lysate of one or more
abnormal cells, such as cancer cells. In some embodiments, a cellular lysate is a crude
lysate in that little or no purification is performed after disruption of the cells; in some
embodiments, such a lysate is referred to as a “primary” lysate. In some embodiments, one
or more isolation or purification steps is performed on a primary lysate; however, the term
“lysate” refers to a preparation that includes multiple cellular components and not to pure

preparations of any individual component.
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[0060] Characteristic sequence: A “characteristic sequence” is a sequence that is
found in all members of a family of polypeptides or nucleic acids, and therefore can be used

by those of ordinary skill in the art to define members of the family.

[0061] Characteristic sequence element. As used herein, the phrase “characteristic
sequence element” refers to a sequence element found in a polymer (e.g., in a polypeptide or
nucleic acid) that represents a characteristic portion of that polymer. In some embodiments,
presence of a characteristic sequence element correlates with presence or level of a
particular activity or property of the polymer. In some embodiments, presence (or absence)
of a characteristic sequence element defines a particular polymer as a member (or not a
member) of a particular family or group of such polymers. A characteristic sequence
element typically comprises at least two monomers (e.g., amino acids or nucleotides). In
some embodiments, a characteristic sequence element includes at least 2, 3,4, 5, 6,7, 8,9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, or more monomers (e.g., contiguously
linked monomers). In some embodiments, a characteristic sequence element includes at
least first and second stretches of contiguous monomers spaced apart by one or more spacer

regions whose length may or may not vary across polymers that share the sequence element.

[0062] Combination Therapy: As used herein, the term “combination therapy”
refers to those situations in which a subject is simultaneously exposed to two or more
therapeutic regimens (e.g., two or more therapeutic agents). In some embodiments, the two
or more regimens may be administered simultaneously; in some embodiments, such
regimens may be administered sequentially (e.g., all “doses™ of a first regimen are
administered prior to administration of any doses of a second regimen); in some
embodiments, such agents are administered in overlapping dosing regimens. In some
embodiments, “administration” of combination therapy may involve administration of one
or more agent(s) or modality(ies) to a subject receiving the other agent(s) or modality(ies) in
the combination. For clarity, combination therapy does not require that individual agents be
administered together in a single composition (or even necessarily at the same time),
although in some embodiments, two or more agents, or active moieties thereof, may be
administered together in a combination composition, or even in a combination compound

(e.g., as part of a single chemical complex or covalent entity).

[0063] Comparable: As used herein, the term “comparable” refers to two or more

agents, entities, situations, sets of conditions, etc., that may not be identical to one another
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but that are sufficiently similar to permit comparison there between so that conclusions may
reasonably be drawn based on differences or similarities observed. In some embodiments,
comparable sets of conditions, circumstances, individuals, or populations are characterized
by a plurality of substantially identical features and one or a small number of varied
features. Those of ordinary skill in the art will understand, in context, what degree of
identity is required in any given circumstance for two or more such agents, entities,
situations, sets of conditions, etc to be considered comparable. For example, those of
ordinary skill in the art will appreciate that sets of circumstances, individuals, or populations
are comparable to one another when characterized by a sufficient number and type of
substantially identical features to warrant a reasonable conclusion that differences in results
obtained or phenomena observed under or with different sets of circumstances, individuals,

or populations are caused by or indicative of the variation in those features that are varied.

[0064] Composition: A "composition" or a "pharmaceutical composition" according
to this invention refers to the combination of two or more agents as described herein for co-
administration or administration as part of the same regimen. It is not required in all
embodiments that the combination of agents result in physical admixture, that is,
administration as separate co-agents each of the components of the composition is possible;
however many patients or practitioners in the field may find it advantageous to prepare a
composition that is an admixture of two or more of the ingredients in a pharmaceutically
acceptable carrier, diluent, or excipient, making it possible to administer the component

ingredients of the combination at the same time.

[0065] Comprising: A composition or method described herein as "comprising" one
or more named elements or steps is open-ended, meaning that the named elements or steps
are essential, but other elements or steps may be added within the scope of the composition
or method. To avoid prolixity, it is also understood that any composition or method
described as "comprising" (or which "comprises") one or more named elements or steps also
describes the corresponding, more limited composition or method "consisting essentially of"
(or which "consists essentially of") the same named elements or steps, meaning that the
composition or method includes the named essential elements or steps and may also include
additional elements or steps that do not materially affect the basic and novel characteristic(s)
of the composition or method. It is also understood that any composition or method

described herein as "comprising" or "consisting essentially of" one or more named elements
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or steps also describes the corresponding, more limited, and closed-ended composition or
method "consisting of" (or "consists of") the named elements or steps to the exclusion of any
other unnamed element or step. In any composition or method disclosed herein, known or
disclosed equivalents of any named essential element or step may be substituted for that

element or step.

[0066] Determine: Certain methodologies described herein include a step of
“determining”. Those of ordinary skill in the art, reading the present specification, will
appreciate that such “determining” can utilize or be accomplished through use of any of a
variety of techniques available to those skilled in the art, including for example specific
techniques explicitly referred to herein. In some embodiments, determining involves
manipulation of a physical sample. In some embodiments, determining involves
consideration and/or manipulation of data or information, for example utilizing a computer
or other processing unit adapted to perform a relevant analysis. In some embodiments,
determining involves receiving relevant information and/or materials from a source. In
some embodiments, determining involves comparing one or more features of a sample or

entity to a comparable reference.

[0067] Dosage Form: As used herein, the term “dosage form™ refers to a physically
discrete unit of an active agent (e.g., a therapeutic or diagnostic agent) for administration to
a subject. Each unit contains a predetermined quantity of active agent. In some
embodiments, such quantity is a unit dosage amount (or a whole fraction thereof)
appropriate for administration in accordance with a dosing regimen that has been determined
to correlate with a desired or beneficial outcome when administered to a relevant population
(i.e., with a therapeutic dosing regimen). Those of ordinary skill in the art appreciate that the
total amount of a therapeutic composition or agent administered to a particular subject is
determined by one or more attending physicians and may involve administration of multiple

dosage forms.

[0068] Diagnostic information: As used herein, “diagnostic information™ or
“information for use in diagnosis™ is information that is useful in determining whether a
patient has a disease, disorder or condition and/or in classifying a disease, disorder or
condition into a phenotypic category or any category having significance with regard to
prognosis of a disease, disorder or condition, or likely response to treatment (either

treatment in general or any particular treatment) of a disease, disorder or condition.
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Similarly, “diagnosis™ refers to providing any type of diagnostic information, including, but
not limited to, whether a subject is likely to have or develop a disease, disorder or condition,
state, staging or characteristic of a disease, disorder or condition as manifested in the

subject, information related to the nature or classification of a tumor, information related to
prognosis and/or information useful in selecting an appropriate treatment. Selection of
treatment may include the choice of a particular therapeutic agent or other treatment
modality such as surgery, radiation, etc., a choice about whether to withhold or deliver
therapy, a choice relating to dosing regimen (e.g., frequency or level of one or more doses of

a particular therapeutic agent or combination of therapeutic agents), etc.

[0069] Domain: The term “domain” as used herein refers to a section or portion of
an entity. In some embodiments, a “domain” is associated with a particular structural and/or
functional feature of the entity so that, when the domain is physically separated from the rest
of its parent entity, it substantially or entirely retains the particular structural and/or
functional feature. Alternatively or additionally, a domain may be or include a portion of an
entity that, when separated from that (parent) entity and linked with a different (recipient)
entity, substantially retains and/or imparts on the recipient entity one or more structural
and/or functional features that characterized it in the parent entity. In some embodiments, a
domain is a section or portion of a molecule (e.g., a small molecule, carbohydrate, lipid,
nucleic acid, or polypeptide). In some embodiments, a domain is a section of a polypeptide;
in some such embodiments, a domain is characterized by a particular structural element
(e.g., a particular amino acid sequence or sequence motif, a-helix character, B-sheet
character, coiled-coil character, random coil character, etc.), and/or by a particular
functional feature (e.g., binding activity, enzymatic activity, folding activity, signaling

activity, etc.).

[0070] Dosing Regimen: As used herein, the term “dosing regimen” refers to a set
of unit doses (typically more than one) that are administered individually to a subject,
typically separated by periods of time. In some embodiments, a given therapeutic agent has
a recommended dosing regimen, which may involve one or more doses. In some
embodiments, a dosing regimen comprises a plurality of doses each of which are separated
from one another by a time period of the same length; in some embodiments, a dosing
regimen comprises a plurality of doses and at least two different time periods separating

individual doses. In some embodiments, all doses within a dosing regimen are of the same
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unit dose amount. In some embodiments, different doses within a dosing regimen are of
different amounts. In some embodiments, a dosing regimen comprises a first dose in a first
dose amount, followed by one or more additional doses in a second dose amount different
from the first dose amount. In some embodiments, a dosing regimen comprises a first dose
in a first dose amount, followed by one or more additional doses in a second dose amount
same as the first dose amount In some embodiments, a dosing regimen is correlated with a
desired or beneficial outcome when administered across a relevant population (i.e., is a

therapeutic dosing regimen).

[0071] Effector function: as used herein refers a biochemical event that results from
the interaction of an antibody Fc region with an Fc receptor or ligand. Effector functions
include but are not limited to antibody-dependent cell-mediated cytotoxicity (ADCC),
antibody-dependent cell-mediated phagocytosis (ADCP), and complement-mediated
cytotoxicity (CMC). In some embodiments, an effector function is one that operates after

the binding of an antigen, one that operates independent of antigen binding, or both.

[0072] Effector cell: as used herein refers to a cell of the immune system that
expresses one or more Fc receptors and mediates one or more effector functions. In some
embodiments, effector cells may include, but may not be limited to, one or more of
monocytes, macrophages, neutrophils, dendritic cells, eosinophils, mast cells, platelets, large
granular lymphocytes, Langerhans' cells, natural killer (NK) cells, T-lymphocytes, B-
lymphocytes and may be from any organism including but not limited to humans, mice, rats,

rabbits, and monkeys.

[0073] Engineered: Those of ordinary skill in the art, reading the present disclosure,
will appreciate that the term “engineered”, as used herein, refers to an aspect of having been
manipulated and altered by the hand of man. In particular, the term “engineered cell” refers
to a cell that has been subjected to a manipulation, so that its genetic, epigenetic, and/or
phenotypic identity is altered relative to an appropriate reference cell such as otherwise
identical cell that has not been so manipulated. In some embodiments, the manipulation is
or comprises a genetic manipulation. In some embodiments, an engineered cell is one that
has been manipulated so that it contains and/or expresses a particular agent of interest (e.g.,
a protein, a nucleic acid, and/or a particular form thereof) in an altered amount and/or

according to altered timing relative to such an appropriate reference cell.
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[0074] Epitope: as used herein, includes any moiety that is specifically recognized
by an immunoglobulin (e.g., antibody or receptor) binding component. In some
embodiments, an epitope is comprised of a plurality of chemical atoms or groups on an
antigen. In some embodiments, such chemical atoms or groups are surface-exposed when
the antigen adopts a relevant three-dimensional conformation. In some embodiments, such
chemical atoms or groups are physically near to each other in space when the antigen adopts
such a conformation. In some embodiments, at least some such chemical atoms are groups
are physically separated from one another when the antigen adopts an alternative

conformation (e.g., is linearized).

[0075] Excipient. as used herein, refers to a non-therapeutic agent that may be
included in a pharmaceutical composition, for example to provide or contribute to a desired
consistency or stabilizing effect. Suitable pharmaceutical excipients include, for example,
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,

water, ethanol and the like.

[0076] Expression: As used herein, “expression” of a nucleic acid sequence refers
to one or more of the following events: (1) production of an RNA template from a DNA
sequence (e.g., by transcription); (2) processing of an RNA transcript (e.g., by splicing,
editing, 5° cap formation, and/or 3° end formation); (3) translation of an RNA into a

polypeptide or protein; and/or (4) post-translational modification of a polypeptide or protein.

[0077] Gene. As used herein, the term “gene” refers to a DNA sequence in a
chromosome that codes for a product (e.g., an RN A product and/or a polypeptide product).
In some embodiments, a gene includes coding sequence (i.e., sequence that encodes a
particular product); in some embodiments, a gene includes non-coding sequence. In some
particular embodiments, a gene may include both coding (e.g., exonic) and non-coding (e.g.,
intronic) sequences. In some embodiments, a gene may include one or more regulatory
elements that, for example, may control or impact one or more aspects of gene expression

(e.g., cell-type-specific expression, inducible expression, etc.).

[0078] Gene product or expression product. As used herein, the term “gene
product” or “expression product” generally refers to an RNA transcribed from the gene (pre-
and/or post-processing) or a polypeptide (pre- and/or post-modification) encoded by an

RNA transcribed from the gene.
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[0079] Genome: As used herein, the term “genome” refers to the total genetic
information carried by an individual organism or cell, represented by the complete DNA

sequences of its chromosomes.

[0080] Genome Profile: As used herein, the term “genome profile” refers to a
representative subset of the total information contained within a genome. Typicaly, a
genome profile contains genotypes at a particular set of polymorphic loci. In some
embodiments, a genome profile may correlate with a particular feature, trait, or set thereof

characteristic of, for example, a particular animal, line, breed, or crossbreed population.

[0081] Host: The term “host™ is used herein to refer to a system (e.g., a cell,
organism, etc) in which a polypeptide of interest is present. In some embodiments, a host is
a system that is susceptible to infection with a particular infectious agent. In some

embodiments, a host is a system that expresses a particular polypeptide of interest.

[0082] Host cell:  as used herein, refers to a cell into which exogenous DNA
(recombinant or otherwise) has been introduced. Persons of skill upon reading this
disclosure will understand that such terms refer not only to the particular subject cell, but
also to the progeny of such a cell. Because certain modifications may occur in succeeding
generations due to either mutation or environmental influences, such progeny may not, in
fact, be identical to the parent cell, but are still included within the scope of the term "Aost
cell" as used herein. In some embodiments, host cells include prokaryotic and eukaryotic
cells selected from any of the Kingdoms of life that are suitable for expressing an exogenous
DNA (e.g., a recombinant nucleic acid sequence). Exemplary cells include those of
prokaryotes and eukaryotes (single-cell or multiple-cell), bacterial cells (e.g., strains of E.
coli, Bacillus spp., Streptomyces spp., etc.), mycobacteria cells, fungal cells, yeast cells (e.g.,
S. cerevisiae, S. pombe, P. pastoris, P. methanolica, etc.), plant cells, insect cells (e.g., SF-9,
SF-21, baculovirus-infected insect cells, Trichoplusia ni, etc.), non-human animal cells,
human cells, or cell fusions such as, for example, hybridomas or quadromas. In some
embodiments, the cell is a human, monkey, ape, hamster, rat, or mouse cell. In some
embodiments, the cell is eukaryotic and is selected from the following cells: CHO (e.g.,
CHO KI, DXB-1 1 CHO, Veggie-CHO), COS (e.g., COS-7), retinal cell, Vero, CV1, kidney
(e.g., HEK293, 293 EBNA, MSR 293, MDCK, HaK, BHK), HeLa, HepG2, WI38, MRC 5,
Colo205, HB 8065, HL-60, (e.g., BHK21), Jurkat, Daudi, A431 (epidermal), CV-1, U937,
3T3, L cell, C127 cell, SP2/0, NS-0, MMT 060562, Sertoli cell, BRL 3 A cell, HT1080 cell,
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myeloma cell, tumor cell, and a cell line derived from an aforementioned cell. In some
embodiments, the cell comprises one or more viral genes.

[0083] “Improve,” “increase”, “inhibit” or “reduce”. As used herein, the terms
“improve”, “increase”, “inhibit’, “reduce”, or grammatical equivalents thereof, indicate
values that are relative to a baseline or other reference measurement. In some embodiments,
an appropriate reference measurement may be or comprise a measurement in a particular
system (e.g., in a single individual) under otherwise comparable conditions absent presence
of (e.g., prior to and/or after) a particular agent or treatment, or in presence of an appropriate
comparable reference agent. In some embodiments, an appropriate reference measurement

may be or comprise a measurement in comparable system known or expected to respond in a

particular way, in presence of the relevant agent or treatment.

[0084] Inducible Effector Cell Surface Marker: As used herein, the term
“inducible effector cell surface marker” refers to an entity, that typically is or includes at
least one polypeptide, expressed on the surface of immune effector cells, including without
limitation natural killer (NK) cells, which expression is induced or significantly upregulated
during activation of the effector cells. In some embodiments, increased surface expression
involves increased localization of the marker on the cell surface (e.g., relative to in the
cytoplasm or in secreted form, etc). Alternatively or additionally, in some embodiments,
increased surface expression involves increased production of the marker by the cell. In
some embodiments, increased surface expression of a particular inducible effector cell
surface marker correlates with and/or participates in increased activity by the effector cell
(e.g., increased antibody-mediated cellular cytotoxicity [ADCC]). In some embodiments, an
inducible effector cell surface marker is selected from a group consisting of a member of the
TNFR family, a member of the CD28 family, a cell adhesion molecule, a vascular adhesion
molecule, a G protein regulator, an immune cell activating protein, a recruiting
chemokine/cytokine, a receptor for a recruiting chemokine/cytokine, an ectoenzyme, a
member of the immunoglobulin superfamily, a lysosomal associated membrane protein.
Certain exemplary inducible cell surface markers include, without limitation, CD38, CD137,
0X40, GITR, CD30, ICOS, etc. In some particular embodiments, the term refers to any of

the above-mentioned inducible cell surface markers other than CD38.

[0085] Inhibitory agent: As used herein, the term “inhibitory agent” refers to an

entity, condition, or event whose presence, level, or degree correlates with decreased level or
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activity of a target). In some embodiments, an inhibitory agent may be act directly (in
which case it exerts its influence directly upon its target, for example by binding to the
target); in some embodiments, an inhibitory agent may act indirectly (in which case it exerts
its influence by interacting with and/or otherwise altering a regulator of the target, so that
level and/or activity of the target is reduced). In some embodiments, an inhibitory agent is
one whose presence or level correlates with a target level or activity that is reduced relative
to a particular reference level or activity (e.g., that observed under appropriate reference
conditions, such as presence of a known inhibitory agent, or absence of the inhibitory agent

in question, etc.).

[0086] In vitro: The term “in vitro” as used herein refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell culture, etc., rather than

within a multi-cellular organism.

[0087] In vivo: as used herein refers to events that occur within a multi-cellular
organism, such as a human and a non-human animal. In the context of cell-based systems,
the term may be used to refer to events that occur within a living cell (as opposed to, for

example, in vitro systems).

[0088] Isolated: as used herein, refers to a substance and/or entity that has been (1)
separated from at least some of the components with which it was associated when initially
produced (whether in nature and/or in an experimental setting), and/or (2) designed,
produced, prepared, and/or manufactured by the hand of man. Isolated substances and/or
entities may be separated from about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99% of
the other components with which they were initially associated. In some embodiments,
isolated agents are about 80%, about 85%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about
99% pure. As used herein, a substance is "pure" if it is substantially free of other
components. In some embodiments, as will be understood by those skilled in the art, a
substance may still be considered "isolated" or even "pure", after having been combined
with certain other components such as, for example, one or more carriers or excipients (e.g.,
buffer, solvent, water, etc.); in such embodiments, percent isolation or purity of the

substance is calculated without including such carriers or excipients. To give but one
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example, in some embodiments, a biological polymer such as a polypeptide or
polynucleotide that occurs in nature is considered to be "isolated" when, a) by virtue of its
origin or source of derivation is not associated with some or all of the components that
accompany it in its native state in nature; b) it is substantially free of other polypeptides or
nucleic acids of the same species from the species that produces it in nature; ¢) is expressed
by or is otherwise in association with components from a cell or other expression system
that 1s not of the species that produces it in nature. Thus, for instance, in some
embodiments, a polypeptide that is chemically synthesized or is synthesized in a cellular
system different from that which produces it in nature is considered to be an "isolated"
polypeptide. Alternatively or additionally, in some embodiments, a polypeptide that has
been subjected to one or more purification techniques may be considered to be an "isolated"
polypeptide to the extent that it has been separated from other components a) with which it

is associated in nature; and/or b) with which it was associated when initially produced.

[0089] Marker: A marker, as used herein, refers to an entity or moiety whose
presence or level is a characteristic of a particular state or event. In some embodiments,
presence or level of a particular marker may be characteristic of presence or stage of a
disease, disorder, or condition. To give but one example, in some embodiments, the term
refers to a gene expression product that is characteristic of a particular tumor, tumor
subclass, stage of tumor, etc. Alternatively or additionally, in some embodiments, a
presence or level of a particular marker correlates with activity (or activity level) of a
particular signaling pathway, for example that may be characteristic of a particular class of
tumors. The statistical significance of the presence or absence of a marker may vary
depending upon the particular marker. In some embodiments, detection of a marker is
highly specific in that it reflects a high probability that the tumor is of a particular subclass.
Such specificity may come at the cost of sensitivity (i.e., a negative result may occur even if
the tumor is a tumor that would be expected to express the marker). Conversely, markers
with a high degree of sensitivity may be less specific that those with lower sensitivity.
According to the present invention a useful marker need not distinguish tumors of a

particular subclass with 100% accuracy.

[0090] Nucleic acid.  As used herein, in its broadest sense, refers to any compound
and/or substance that is or can be incorporated into an oligonucleotide chain. In some

embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated
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into an oligonucleotide chain via a phosphodiester linkage. As will be clear from context, in
some embodiments, "nucleic acid" refers to an individual nucleic acid residue (e.g., a
nucleotide and/or nucleoside); in some embodiments, "nucleic acid" refers to an
oligonucleotide chain comprising individual nucleic acid residues. In some embodiments, a
"nucleic acid" is or comprises RNA: in some embodiments, a "nucleic acid" is or comprises
DNA. In some embodiments, a nucleic acid is, comprises, or consists of one or more natural
nucleic acid residues. In some embodiments, a nucleic acid is, comprises, or consists of one
or more nucleic acid analogs. In some embodiments, a nucleic acid analog differs from a
nucleic acid in that it does not utilize a phosphodiester backbone. For example, in some
embodiments, a nucleic acid is, comprises, or consists of one or more "peptide nucleic
acids", which are known in the art and have peptide bonds instead of phosphodiester bonds
in the backbone, are considered within the scope of the present invention. Alternatively or
additionally, in some embodiments, a nucleic acid has one or more phosphorothioate and/or
5'-N-phosphoramidite linkages rather than phosphodiester bonds. In some embodiments, a
nucleic acid is, comprises, or consists of one or more natural nucleosides (e.g., adenosine,
thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine, deoxy guanosine,
and deoxycytidine). In some embodiments, a nucleic acid is, comprises, or consists of one
or more nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-
pyrimidine, 3 -methyl adenosine, S-methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-
uridine, 2-aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-
propynyl-uridine, C5 -propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-
deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine,
2-thiocytidine, methylated bases, intercalated bases, and combinations thereof). In some
embodiments, a nucleic acid comprises one or more modified sugars (e.g., 2'-fluororibose,
ribose, 2'-deoxyribose, arabinose, and hexose) as compared with those in natural nucleic
acids. In some embodiments, a nucleic acid has a nucleotide sequence that encodes a
functional gene product such as an RNA or protein. In some embodiments, a nucleic acid
includes one or more introns. In some embodiments, nucleic acids are prepared by one or
more of isolation from a natural source, enzymatic synthesis by polymerization based on a
complementary template (in vivo or in vitro), reproduction in a recombinant cell or system,
and chemical synthesis. In some embodiments, a nucleic acid is atleast 3,4, 5, 6,7, 8, 9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1 10, 120, 130, 140,
150, 160, 170, 180, 190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500,
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600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more residues
long. In some embodiments, a nucleic acid is partly or wholly single stranded; in some
embodiments, a nucleic acid is partly or wholly double stranded. In some embodiments a
nucleic acid has a nucleotide sequence comprising at least one element that encodes, or is
the complement of a sequence that encodes, a polypeptide. In some embodiments, a nucleic

acid has enzymatic activity.

[0091] Patient: As used herein, the term “patient” or “subject” refers to any
organism to which a provided composition is or may be administered, e.g., for experimental,
diagnostic, prophylactic, cosmetic, and/or therapeutic purposes. Typical patients include
animals (e.g., mammals such as mice, rats, rabbits, non-human primates, and/or humans). In
some embodiments, a patient is a human. A human includes pre and post natal forms. In
some embodiments, a patient is suffering from or susceptible to one or more disorders or
conditions. In some embodiments, a patient displays one or more symptoms of a disorder or
condition. In some embodiments, a patient has been diagnosed with one or more disorders

or conditions

[0092] Pharmaceutically Acceptable: As used herein, the term "pharmaceutically
acceptable" applied to the carrier, diluent, or excipient used to formulate a composition as
disclosed herein means that the carrier, diluent, or excipient must be compatible with the

other ingredients of the composition and not deleterious to the recipient thereof.

[0093] Pharmaceutical Composition: As used herein, the term “pharmaceutical
composition” refers to an active agent, formulated together with one or more
pharmaceutically acceptable carriers. In some embodiments, active agent is present in unit
dose amount appropriate for administration in a therapeutic regimen that shows a
statistically significant probability of achieving a predetermined therapeutic effect when
administered to a relevant population. In some embodiments, pharmaceutical compositions
may be specially formulated for administration in solid or liquid form, including those
adapted for the following: oral administration, for example, drenches (aqueous or non-
aqueous solutions or suspensions), tablets, e.g., those targeted for buccal, sublingual, and
systemic absorption, boluses, powders, granules, pastes for application to the tongue;
parenteral administration, for example, by subcutaneous, intramuscular, intravenous or
epidural injection as, for example, a sterile solution or suspension, or sustained-release

formulation; topical application, for example, as a cream, ointment, or a controlled-release

29



WO 2023/150194 PCT/US2023/012158

patch or spray applied to the skin, lungs, or oral cavity; intravaginally or intrarectally, for
example, as a pessary, cream, or foam; sublingually; ocularly; transdermally; or nasally,

pulmonary, and to other mucosal surfaces.

[0094] Polypeptide: As used herein refers to any polymeric chain of amino acids.
In some embodiments, a polypeptide has an amino acid sequence that occurs in nature. In
some embodiments, a polypeptide has an amino acid sequence that does not occur in nature.
In some embodiments, a polypeptide has an amino acid sequence that is engineered in that it
is designed and/or produced through action of the hand of man. In some embodiments, a
polypeptide may comprise or consist of natural amino acids, non-natural amino acids, or
both. In some embodiments, a polypeptide may comprise or consist of only natural amino
acids or only non-natural amino acids. In some embodiments, a polypeptide may comprise
D-amino acids, L-amino acids, or both. In some embodiments, a polypeptide may comprise
only D-amino acids. In some embodiments, a polypeptide may comprise only L-amino
acids. In some embodiments, a polypeptide may include one or more pendant groups or
other modifications, e.g., modifying or attached to one or more amino acid side chains, at
the polypeptide’s N-terminus, at the polypeptide’s C-terminus, or any combination thereof.
In some embodiments, such pendant groups or modifications may be selected from the
group consisting of acetylation, amidation, lipidation, methylation, pegylation, etc.,
including combinations thereof. In some embodiments, a polypeptide may be cyclic, and/or
may comprise a cyclic portion. In some embodiments, a polypeptide is not cyclic and/or
does not comprise any cyclic portion. In some embodiments, a polypeptide is linear. In
some embodiments, a polypeptide may be or comprise a stapled polypeptide. In some
embodiments, the term “polypeptide” may be appended to a name of a reference
polypeptide, activity, or structure; in such instances it is used herein to refer to polypeptides
that share the relevant activity or structure and thus can be considered to be members of the
same class or family of polypeptides. For each such class, the present specification provides
and/or those skilled in the art will be aware of exemplary polypeptides within the class
whose amino acid sequences and/or functions are known; in some embodiments, such
exemplary polypeptides are reference polypeptides for the polypeptide class or family. In
some embodiments, a member of a polypeptide class or family shows significant sequence
homology or identity with, shares a common sequence motif (e.g., a characteristic sequence

element) with, and/or shares a common activity (in some embodiments at a comparable level
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or within a designated range) with a reference polypeptide of the class; in some
embodiments with all polypeptides within the class). For example, in some embodiments, a
member polypeptide shows an overall degree of sequence homology or identity with a
reference polypeptide that is at least about 30-40%, and is often greater than about 50%,
60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more and/or
includes at least one region (e.g., a conserved region that may in some embodiments be or
comprise a characteristic sequence element) that shows very high sequence identity, often
greater than 90% or even 95%, 96%, 97%, 98%, or 99%. Such a conserved region usually
encompasses at least 3-4 and often up to 20 or more amino acids; in some embodiments, a
conserved region encompasses at least one stretch of atleast2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15 or more contiguous amino acids. In some embodiments, a relevant polypeptide
may comprise or consist of a fragment of a parent polypeptide. In some embodiments, a
useful polypeptide as may comprise or consist of a plurality of fragments, each of which is
found in the same parent polypeptide in a different spatial arrangement relative to one
another than is found in the polypeptide of interest (e.g., fragments that are directly linked in
the parent may be spatially separated in the polypeptide of interest or vice versa, and/or
fragments may be present in a different order in the polypeptide of interest than in the

parent), so that the polypeptide of interest is a derivative of its parent polypeptide.

[0095] Prevent or prevention: as used herein when used in connection with the
occurrence of a disease, disorder, and/or condition, refers to reducing the risk of developing
the disease, disorder and/or condition and/or to delaying onset of one or more characteristics
or symptoms of the disease, disorder or condition. In some embodiments, prevention is
assessed on a population basis such that an agent is considered to “prevent” a particular
disease, disorder or condition if a statistically significant decrease in the development,
frequency, and/or intensity of one or more symptoms of the disease, disorder or condition is
observed in a population susceptible to the disease, disorder, or condition. Prevention may
be considered complete when onset of a disease, disorder or condition has been delayed for

a predefined period of time.

[0096] Prognostic and predictive information: As used herein, the terms
“prognostic information” and “predictive information” are used to refer to any information
that may be used to indicate any aspect of the course of a disease or condition either in the

absence or presence of treatment. Such information may include, but is not limited to, the
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average life expectancy of a patient, the likelihood that a patient will survive for a given
amount of time (e.g., 6 months, 1 year, 5 years, etc.), the likelihood that a patient will be
cured of a disease, the likelihood that a patient’s disease will respond to a particular therapy
(wherein response may be defined in any of a variety of ways). Prognostic and predictive

information are included within the broad category of diagnostic information.

[0097] Protein: As used herein, the term “protein” refers to a polypeptide (i.e., a
string of at least two amino acids linked to one another by peptide bonds). Proteins may
include moieties other than amino acids (e.g., may be glycoproteins, proteoglycans, etc.)
and/or may be otherwise processed or modified. Those of ordinary skill in the art will
appreciate that a “protein” can be a complete polypeptide chain as produced by a cell (with
or without a signal sequence), or can be a characteristic portion thereof. Those of ordinary
skill will appreciate that a protein can sometimes include more than one polypeptide chain,
for example linked by one or more disulfide bonds or associated by other means.
Polypeptides may contain L-amino acids, D-amino acids, or both and may contain any of a
variety of amino acid modifications or analogs known in the art. Useful modifications
include, e.g., terminal acetylation, amidation, methylation, etc. In some embodiments,
proteins may comprise natural amino acids, non-natural amino acids, synthetic amino acids,
and combinations thereof. The term “peptide” is generally used to refer to a polypeptide
having a length of less than about 100 amino acids, less than about 50 amino acids, less than
20 amino acids, or less than 10 amino acids. In some embodiments, proteins are antibodies,
antibody fragments, biologically active portions thereof, and/or characteristic portions

thereof.

[0098] Receptor tyrosine kinase: The term “receptor tyrosine kinase”, as used
herein, refers to any members of the protein family of receptor tyrosine kinases (RTK),
which includes but is not limited to sub-families such as Epidermal Growth Factor
Receptors (EGFR) (including ErbB1/EGFR, ErbB2/HER2, ErbB3/HER3, and
ErbB4/HER4), Fibroblast Growth Factor Receptors (FGFR) (including FGF1, FGF2, FGF3,
FGF4, FGF5, FGF6, FGF7, FGF18, and FGF21) Vascular Endothelial Growth Factor
Receptors (VEGFR) (including VEGF-A, VEGF-B, VEGF-C, VEGF-D, and PIGF), RET
Receptor and the Eph Receptor Family (including EphAl, EphA2, EphA3, EphA4, EphAS,
EphA6, EphA7, EphAS8, EphA9, EphA10, EphB1, EphB2. EphB3, EphB4, and EphB6).
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[0099] Reference: As used herein describes a standard or control relative to which a
comparison is performed. For example, in some embodiments, an agent, animal, individual,
population, sample, sequence or value of interest is compared with a reference or control
agent, animal, individual, population, sample, sequence or value. In some embodiments, a
reference or control is tested and/or determined substantially simultaneously with the testing
or determination of interest. In some embodiments, a reference or control is a historical
reference or control, optionally embodied in a tangible medium. Typically, as would be
understood by those skilled in the art, a reference or control is determined or characterized
under comparable conditions or circumstances to those under assessment. Those skilled in
the art will appreciate when sufficient similarities are present to justify reliance on and/or

comparison to a particular possible reference or control.

[0100] Refractory: The term “refractory” as used herein, refers to any subject or
condition that does not respond with an expected clinical efficacy following the
administration of provided compositions as normally observed by practicing medical

personnel.

[0101] Response: As used herein, a response to treatment may refer to any
beneficial alteration in a subject’s condition that occurs as a result of or correlates with
treatment. Such alteration may include stabilization of the condition (e.g., prevention of
deterioration that would have taken place in the absence of the treatment), amelioration of
symptoms of the condition, and/or improvement in the prospects for cure of the condition,
etc. It may refer to a subject’s response or to a tumor’s response. Tumor or subject
response may be measured according to a wide variety of criteria, including clinical criteria
and objective criteria. Techniques for assessing response include, but are not limited to,
clinical examination, positron emission tomography, chest X-ray CT scan, MRI, ultrasound,
endoscopy, laparoscopy, presence or level of tumor markers in a sample obtained from a
subject, cytology, and/or histology. Many of these techniques attempt to determine the size
of a tumor or otherwise determine the total tumor burden. Methods and guidelines for
assessing response to treatment are discussed in Therasse et. al., “New guidelines to evaluate
the response to treatment in solid tumors”, European Organization for Research and
Treatment of Cancer, National Cancer Institute of the United States, National Cancer
Institute of Canada, J. Natl. Cancer Inst., 2000, 92(3):205-216. The exact response criteria

can be selected in any appropriate manner, provided that when comparing groups of tumors
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and/or patients, the groups to be compared are assessed based on the same or comparable
criteria for determining response rate. One of ordinary skill in the art will be able to select

appropriate criteria.

[0102] Sample: As used herein, the term “sample” typically refers to a biological
sample obtained or derived from a source of interest, as described herein. In some
embodiments, a source of interest comprises an organism, such as an animal or human. In
some embodiments, a biological sample is or comprises biological tissue or fluid. In some
embodiments, a biological sample may be or comprise bone marrow; blood; blood cells;
ascites; tissue or fine needle biopsy samples; cell-containing body fluids; free floating
nucleic acids; sputum; saliva; urine; cerebrospinal fluid, peritoneal fluid; pleural fluid; feces;
lymph; gynecological fluids; skin swabs; vaginal swabs; oral swabs; nasal swabs; washings
or lavages such as a ductal lavages or broncheoalveolar lavages; aspirates; scrapings; bone
marrow specimens; tissue biopsy specimens; surgical specimens; feces, other body fluids,
secretions, and/or excretions; and/or cells therefrom, efc. In some embodiments, a
biological sample is or comprises cells obtained from an individual. In some embodiments,
obtained cells are or include cells from an individual from whom the sample is obtained. In
some embodiments, a sample is a “primary sample” obtained directly from a source of
interest by any appropriate means. For example, in some embodiments, a primary biological
sample is obtained by methods selected from the group consisting of biopsy (e.g., fine
needle aspiration or tissue biopsy), surgery, collection of body fluid (e.g., blood, lymph,
feces efc.), etc. In some embodiments, as will be clear from context, the term “sample”
refers to a preparation that is obtained by processing (e.g., by removing one or more
components of and/or by adding one or more agents to) a primary sample. For example,
filtering using a semi-permeable membrane. Such a “processed sample” may comprise, for
example nucleic acids or proteins extracted from a sample or obtained by subjecting a
primary sample to techniques such as amplification or reverse transcription of mRNA,

isolation and/or purification of certain components, efc.

[0103] Solid Tumor: As used herein, the term “solid tumor™ refers to an abnormal
mass of tissue that usually does not contain cysts or liquid areas. Solid tumors may be
benign or malignant. Different types of solid tumors are named for the type of cells that
form them. Examples of solid tumors are sarcomas, carcinomas, lymphomas, mesothelioma,

neuroblastoma, retinoblastoma, etc.
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[0104] Specific: The term “specific”, when used herein with reference to an agent
having an activity, is understood by those skilled in the art to mean that the agent
discriminates between potential target entities or states. For example, an in some
embodiments, an agent is said to bind “specifically” to its target if it binds preferentially
with that target in the presence of one or more competing alternative targets. In many
embodiments, specific interaction is dependent upon the presence of a particular structural
feature of the target entity (e.g., an epitope, a cleft, a binding site). It is to be understood that
specificity need not be absolute. In some embodiments, specificity may be evaluated
relative to that of the binding agent for one or more other potential target entities (e.g.,
competitors). In some embodiments, specificity is evaluated relative to that of a reference
specific binding agent. In some embodiments specificity is evaluated relative to that of a
reference non-specific binding agent. In some embodiments, the agent or entity does not
detectably bind to the competing alternative target under conditions of binding to its target
entity. In some embodiments, binding agent binds with higher on-rate, lower off-rate,
increased affinity, decreased dissociation, and/or increased stability to its target entity as

compared with the competing alternative target(s).

[0105] Stage of cancer: As used herein, the term “stage of cancer” refers to a
qualitative or quantitative assessment of the level of advancement of a cancer. In some
embodiments, criteria used to determine the stage of a cancer may include, but are not
limited to, one or more of where the cancer is located in a body, tumor size, whether the
cancer has spread to lymph nodes, whether the cancer has spread to one or more different
parts of the body, etc. In some embodiments, cancer may be staged using the so-called
TNM System, according to which T refers to the size and extent of the main tumor, usually
called the primary tumor; N refers to the the number of nearby lymph nodes that have
cancer; and M refers to whether the cancer has metastasized. In some embodiments, a
cancer may be referred to as Stage 0 (abnormal cells are present but have not spread to
nearby tissue, also called carcinoma in situ, or CIS; CIS is not cancer, but it may become
cancer), Stage I-11I (cancer is present; the higher the number, the larger the tumor and the
more it has spread into nearby tissues), or Stage IV (the cancer has spread to distant parts of
the body). In some embodiments, a cancer may be assigned to a stage selected from the
group consisting of: in situ (abnormal cells are present but have not spread to nearby tissue);

localized (cancer is limited to the place where it started, with no sign that it has spread);
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regional (cancer has spread to nearby lymph nodes, tissues, or organs): distant (cancer has
spread to distant parts of the body); and unknown (there is not enough information to figure

out the stage).

[0106] Subject: As used herein, the term “subject” or “test subject” refers to any
organism to which a provided compound or composition is administered in accordance with
the present disclosure e.g., for experimental, diagnostic, prophylactic, and/or therapeutic
purposes. Typical subjects include animals (e.g., mammals such as mice, rats, rabbits, non-
human primates, and humans; insects; worms; efc.) and plants. In some embodiments, a
subject may be suffering from, and/or susceptible to a disease, disorder, and/or condition. In
some embodiments, terms "individual" or "patient" are used and are intended to be
interchangeable with "subject". In some embodiments, a subject is suffering from a relevant
disease, disorder or condition. In some embodiments, a subject is susceptible to a disease,
disorder, or condition. In some embodiments, a subject displays one or more symptoms or
characteristics of a disease, disorder or condition. In some embodiments, a subject does not
display any symptom or characteristic of a disease, disorder, or condition. In some
embodiments, a subject is someone with one or more features characteristic of susceptibility
to or risk of a disease, disorder, or condition. In some embodiments, a subject is a patient.
In some embodiments, a subject is an individual to whom diagnosis and/or therapy is and/or

has been administered.

[0107] Suffering from: An individual who is “suffering from™ a disease, disorder,
and/or condition displays one or more symptoms of a disease, disorder, and/or condition

and/or has been diagnosed with the disease, disorder, or condition.

[0108] Substantially: As used herein, the term "substantially" refers to the
qualitative condition of exhibiting total or near-total extent or degree of a characteristic or
property of interest. One of ordinary skill in the biological arts will understand that
biological and chemical phenomena rarely, if ever, go to completion and/or proceed to
completeness or achieve or avoid an absolute result. The term "substantially" is therefore
used herein to capture the potential lack of completeness inherent in many biological and

chemical phenomena.

[0109] Surrogate Marker: The term “surrogate marker”, as used herein, refers to an
entity whose presence, level, or form, may act as a proxy for presence, level, or form of

another entity (e.g., a biomarker) of interest. Typically, a surrogate marker may be easier to
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detect or analyze (e.g., quantify) than is the entity of interest. To give but one example, in
some embodiments, where the entity of interest is a protein, an expressed nucleic acid (e.g.,
mRNA) encoding the protein may sometimes be utilized as a surrogate marker for the
protein (or its level). To give another example, in some embodiments, where the entity of
interest is an enzyme, a product of the enzyme’s activity may sometimes be utilized as a
surrogate marker for the enzyme (or its activity level). To give one more example, in some
embodiments, where the entity of interest is a small molecule, a metabolite of the small

molecule may sometimes be used as a surrogate marker for the small molecule.

[0110] Susceptible to: An individual who is “susceptible to” a disease, disorder, or
condition is at risk for developing the disease, disorder, or condition. In some embodiments,
an individual who is susceptible to a disease, disorder, or condition does not display any
symptoms of the disease, disorder, or condition. In some embodiments, an individual who is
susceptible to a disease, disorder, or condition has not been diagnosed with the disease,
disorder, and/or condition. In some embodiments, an individual who is susceptible to a
disease, disorder, or condition is an individual who has been exposed to conditions
associated with development of the disease, disorder, or condition. In some embodiments, a
risk of developing a disease, disorder, and/or condition is a population-based risk (e.g.,

family members of individuals suffering from the disease, disorder, or condition).

[0111] Symptoms are reduced. According to the present invention, “symptoms are
reduced” when one or more symptoms of a particular disease, disorder or condition is
reduced in magnitude (e.g., intensity, severity, etc.) and/or frequency. For purposes of
clarity, a delay in the onset of a particular symptom is considered one form of reducing the
frequency of that symptom.

2% ¢,

[0112] Systemic: The phrases “systemic administration,” “administered

2% ¢

systemically,” “peripheral administration,” and “administered peripherally” as used herein
have their art-understood meaning referring to administration of a compound or

composition such that it enters the recipient’s system.

[0113] Therapeutic agent: As used herein, the phrase “therapeutic agent” in general
refers to any agent that elicits a desired pharmacological effect when administered to an
organism. In some embodiments, an agent is considered to be a therapeutic agent if it
demonstrates a statistically significant effect across an appropriate population. In some

embodiments, the appropriate population may be a population of model organisms. In some
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embodiments, an appropriate population may be defined by various criteria, such as a certain
age group, gender, genetic background, preexisting clinical conditions, etc. In some
embodiments, a therapeutic agent is a substance that can be used to alleviate, ameliorate,
relieve, inhibit, prevent, delay onset of, reduce severity of, and/or reduce incidence of one or
more symptoms or features of a disease, disorder, and/or condition. In some embodiments,
a “therapeutic agent” is an agent that has been or is required to be approved by a government
agency before it can be marketed for administration to humans. In some embodiments, a
“therapeutic agent™ is an agent for which a medical prescription is required for

administration to humans.

[0114] Therapeutic Regimen: A “therapeutic regimen”, as that term is used herein,
refers to a dosing regimen whose administration across a relevant population is correlated

with a desired or beneficial therapeutic outcome.

[0115] Therapeutically Effective Amount: As used herein, the term
“therapeutically effective amount” means an amount that is sufficient, when administered to
a population suffering from or susceptible to a disease, disorder, and/or condition in
accordance with a therapeutic dosing regimen, to treat the disease, disorder, and/or
condition. In some embodiments, a therapeutically effective amount is one that reduces the
incidence and/or severity of, stabilizes one or more characteristics of, and/or delays onset of,
one or more symptoms of the disease, disorder, and/or condition. Those of ordinary skill in
the art will appreciate that the term “therapeutically effective amount™ does not in fact
require successful treatment be achieved in a particular individual. Rather, a therapeutically
effective amount may be that amount that provides a particular desired pharmacological
response in a significant number of subjects when administered to patients in need of such
treatment. For example, in some embodiments, term "therapeutically effective amount",
refers to an amount which, when administered to an individual in need thereof in the context
of inventive therapy, will block, stabilize, attenuate, or reverse a cancer-supportive process
occurring in said individual, or will enhance or increase a cancer-suppressive process in said
individual. In the context of cancer treatment, a "therapeutically effective amount" is an
amount which, when administered to an individual diagnosed with a cancer, will prevent,
stabilize, inhibit, or reduce the further development of cancer in the individual. A
particularly preferred "therapeutically effective amount" of a composition described herein

reverses (in a therapeutic treatment) the development of a malignancy such as a pancreatic
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carcinoma or helps achieve or prolong remission of a malignancy. A therapeutically
effective amount administered to an individual to treat a cancer in that individual may be the
same or different from a therapeutically effective amount administered to promote remission
or inhibit metastasis. As with most cancer therapies, the therapeutic methods described
herein are not to be interpreted as, restricted to, or otherwise limited to a "cure" for cancer;
rather the methods of treatment are directed to the use of the described compositions to
"treat" a cancer, i.e., to effect a desirable or beneficial change in the health of an individual
who has cancer. Such benefits are recognized by skilled healthcare providers in the field of
oncology and include, but are not limited to, a stabilization of patient condition, a decrease
in tumor size (tumor regression), an improvement in vital functions (e.g., improved function
of cancerous tissues or organs), a decrease or inhibition of further metastasis, a decrease in
opportunistic infections, an increased survivability, a decrease in pain, improved motor
function, improved cognitive function, improved feeling of energy (vitality, decreased
malaise), improved feeling of well-being, restoration of normal appetite, restoration of
healthy weight gain, and combinations thereof. In addition, regression of a particular tumor
in an individual (e.g., as the result of treatments described herein) may also be assessed by
taking samples of cancer cells from the site of a tumor such as a pancreatic adenocarcinoma
(e.g., over the course of treatment) and testing the cancer cells for the level of metabolic and
signaling markers to monitor the status of the cancer cells to verify at the molecular level the
regression of the cancer cells to a less malignant phenotype. For example, tumor regression
induced by employing the methods of this invention would be indicated by finding a
decrease in any of the pro-angiogenic markers discussed above, an increase in anti-
angiogenic markers described herein, the normalization (i.e., alteration toward a state found
in normal individuals not suffering from cancer) of metabolic pathways, intercellular
signaling pathways, or intracellular signaling pathways that exhibit abnormal activity in
individuals diagnosed with cancer. Those of ordinary skill in the art will appreciate that, in
some embodiments, a therapeutically effective amount may be formulated and/or
administered in a single dose. In some embodiments, a therapeutically effective amount
may be formulated and/or administered in a plurality of doses, for example, as part of a

dosing regimen.

[0116] Treatment. As used herein, the term “treatment” (also “treat™ or “treating™)

refers to administration of a therapy that partially or completely alleviates, ameliorates,
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relives, inhibits, delays onset of, reduces severity of, and/or reduces incidence of one or
more symptoms, features, and/or causes of a particular disease, disorder, and/or condition. In
some embodiments, such treatment may be of a subject who does not exhibit signs of the
relevant disease, disorder and/or condition and/or of a subject who exhibits only early signs
of the disease, disorder, and/or condition. Alternatively or additionally, such treatment may
be of a subject who exhibits one or more established signs of the relevant disease, disorder
and/or condition. In some embodiments, treatment may be of a subject who has been
diagnosed as suffering from the relevant disease, disorder, and/or condition. In some
embodiments, treatment may be of a subject known to have one or more susceptibility
factors that are statistically correlated with increased risk of development of the relevant
disease, disorder, and/or condition. Thus, in some embodiments, treatment may be

prophylactic; in some embodiments, treatment may be therapeutic.

[0117] Tumor: As used herein, the term “tumor™ refers to an abnormal growth of
cells or tissue. In some embodiments, a tumor may comprise cells that are precancerous
(e.g., benign), malignant, pre-metastatic, metastatic, and/or non-metastatic. In some
embodiments, a tumor is associated with, or 1s a manifestation of, a cancer. In some
embodiments, a tumor may be a disperse tumor or a liquid tumor. In some embodiments, a

tumor may be a solid tumor.
[0118]

[0119] Variant: As used herein, the term “variant” refers to an entity that shows
significant structural identity with a reference entity but differs structurally from the
reference entity in the presence or level of one or more chemical moieties as compared with
the reference entity. In many embodiments, a variant also differs functionally from its
reference entity. In general, whether a particular entity is properly considered to be a
“variant” of a reference entity is based on its degree of structural identity with the reference
entity. As will be appreciated by those skilled in the art, any biological or chemical
reference entity has certain characteristic structural elements. A variant, by definition, is a
distinct chemical entity that shares one or more such characteristic structural elements. To
give but a few examples, a small molecule may have a characteristic core structural element
(e.g., amacrocycle core) and/or one or more characteristic pendent moieties so that a variant
of the small molecule is one that shares the core structural element and the characteristic

pendent moieties but differs in other pendent moieties and/or in types of bonds present
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(single vs double, E vs Z, etc.) within the core, a polypeptide may have a characteristic
sequence element comprised of a plurality of amino acids having designated positions
relative to one another in linear or three-dimensional space and/or contributing to a
particular biological function, a nucleic acid may have a characteristic sequence element
comprised of a plurality of nucleotide residues having designated positions relative to on
another in linear or three-dimensional space. For example, a variant polypeptide may differ
from a reference polypeptide as a result of one or more differences in amino acid sequence
and/or one or more differences in chemical moieties (e.g., carbohydrates, lipids, etc.)
covalently attached to the polypeptide backbone. In some embodiments, a variant
polypeptide shows an overall sequence identity with a reference polypeptide that is at least
85%. 86%., 87%, 88%. 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, or 99%.
Alternatively or additionally, in some embodiments, a variant polypeptide does not share at
least one characteristic sequence element with a reference polypeptide. In some
embodiments, the reference polypeptide has one or more biological activities. In some
embodiments, a variant polypeptide shares one or more of the biological activities of the
reference polypeptide. In some embodiments, a variant polypeptide lacks one or more of the
biological activities of the reference polypeptide. In some embodiments, a variant
polypeptide shows a reduced level of one or more biological activities as compared with the
reference polypeptide. In many embodiments, a polypeptide of interest is considered to be a
“variant” of a parent or reference polypeptide if the polypeptide of interest has an amino
acid sequence that is identical to that of the parent but for a small number of sequence
alterations at particular positions. Typically, fewer than 20%, 15%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2% of the residues in the variant are substituted as compared with the parent.
In some embodiments, a variant has 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 substituted residue as
compared with a parent. Often, a variant has a very small number (e.g., fewer than 5, 4, 3,
2, or 1) number of substituted functional residues (i.e., residues that participate in a
particular biological activity). Furthermore, a variant typically has not more than 5, 4, 3, 2,
or 1 additions or deletions, and often has no additions or deletions, as compared with the
parent. Moreover, any additions or deletions are typically fewer than about 25, about 20,
about 19, about 18, about 17, about 16, about 15, about 14, about 13, about 10, about 9,
about 8, about 7, about 6, and commonly are fewer than about 5, about 4, about 3, or about 2
residues. In some embodiments, the parent or reference polypeptide is one found in nature.

As will be understood by those of ordinary skill in the art, a plurality of variants of a
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particular polypeptide of interest may commonly be found in nature, particularly when the

polypeptide of interest is an infectious agent polypeptide.

Detailed Description of Certain Embodiments
Cancer Subtype Classification

[0120] Molecular classification of cancer subtypes is becoming an increasingly
important tool, both for understanding tumor development and progression, and for
designing treatment plans for particular tumors and/or tumor subtypes. Indeed, potential
new therapies are now commonly evaluated and/or approved based on presence of a
particular molecular signature established to correlate with responsiveness to the relevant
therapy (and/or absence of a molecular signature established to negatively correlate with
such responsiveness), for example as may be assessed via basket trials, and/or based on
molecular subtyping of a relevant disease, disorder or condition, for example as may be
assessed via umbrella trials. See, for example, Park er al. “An Overview of Precision
Oncology Basket and Umbrella Trials for Clinicians™ CA4 Cancer J Clin 70:125,

March/April 2020, incorporated herein by reference in its entirety.

[0121] Work by Lehmann et al. (See Lehman et al. “Identification of human triple-
negative breast cancer subtypes and preclinical models for selection of targeted therapies™J
Clin Invest, 121(7), 2011, incorporated herein by reference in its entirety) has demonstrated
that triple negative breast cancer (TNBC) tumors can be classified into subtypes through
analysis of gene expression signatures. Lehmann ef al. determined gene expression profiles
for annotated genes within publicly available TNBC samples and performed centroid-based
cluster analysis based upon the 20% of genes with the highest and lowest expression levels
in at least 50% of the samples (2188 genes total). Clusters were categorized based upon
features of differentially expressed genes, leading to identification of six different subtypes,
specifically: basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal
(M), mesenchymal stem-like MSL), and luminal androgen receptor (LAR). It was found that
there was significant heterogeneity within TNBC tumors. Furthermore, Lehmann et a/
reported that certain cell lines representative of different subtypes showed differential
response to certain therapies. Table 1 below summarizes the specific findings reported in

Lehmann ef al.:

[0122] Table 1: Tumor subtypes from Lehman ef al.
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Tumor Subtype Highly Expressed Genes Treatments to which
Representative Cell Lines
Respond
BL1 and BL2 Cell cycle genes Cisplatin
DNA repair genes
IM Genes involved in immune NA
cell processes
M and MSL Genes involved in epithelial- NVP-BEX235
mesenchymal transition {(a PI3K/mTOR inhibitor)
Growth factor pathway
genes Dasantinib
(an abl/src inhibitor)
LAR Androgen receptor signaling Bicalutimide
genes {an AR antagonist)
[0123] Lehmann et al. concluded that gene expression analyses can be useful to

define distinct subtypes of TNBC, and further proposed that such analyses “may provide

biomarkers that can be used for patient selection in the design of clinical trials for TNBC

and/or as potential markers for response to treatment”; Lehmann et al also recommended

that further such analyses, together with RN Ai loss-of-function screens be performed in

order to “identify new components of the “driver” signaling pathways in each of these

subtypes that can be targeted in future drug discovery efforts for TNBC”. See last paragraph

of “Conclusion” section of, Lehman et al. “Identification of human triple-negative breast

cancer subtypes and preclinical models for selection of targeted therapies™ J Clin Invest,

121(7), 2011.

[0124] Ring et al. (See, Ring et al. “Generation of an algorithm based on minimal

gene sets to clinically subtype triple negative breast cancer patients” BMC Cancer, 16,

February 2016, incorporated herein by reference in its entirety) independently analyzed the

same gene expression datasets utilized by Lehman ef a/., to identify genes enriched in

different TNBC subtypes, and then further performed shrunken centroid analysis and elastic-

net regularized linear modeling to define a set of genes whose expression could be analyzed

to classify TNBC samples into the defined subtypes.

Specifically, Ring ef al. used linear

regression, targeted maximum likelihood estimation, random forest, and elastic-net

regularized linear models to create subclassifying models, with each subclass (subtype)

being defined by an individual model (See, Subramanian ef a/., “Gene set enrichment

analysis: a knowledge-based approach for interpreting genome-wide expression profiles™,
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PNAS, 102, 2015; see also, Friedman et al., “Regularization Paths for Generalized Linear
Models via Coordinate Descent™, J Stat Softw, 33, 2010; see also, Hajian-Tilaki et al.,
“Receiver Operating Characteristic (ROC) Curve Analysis for Medical Diagnostic Test
Evaluation™, 4, 2013, each of which is incorporated herein by reference in its entirety).
Genes found to contribute to the individual subtype models were combined to create a 101-
gene centroid model for TNBC subtype classification. This Ring ef al. model represented a
significant simplification, relative to the Lehmann ef al. model, which relied on expression

information for 2188 genes.

[0125] Furthermore, Ring ef al. observed that gene expression Lehmann ef a/. had
associated with the IM tumor subtype in fact was not reflective of tumor-cell expression at
all but likely reflected presence of tumor infiltrating lymphocytes (TIL) in relevant tumor
samples. Exclusion of IM gene signatures led to loss of information for samples, so the IM
subtype was removed and cases initially assigned to this classification were analyzed
separately. As a result, Ring ef a/. reduced the TNBC classes to five subtypes: BL1, BL2,
LAR, M, and MSL; each of which could be reliably identified through use of the reduced
101-gene panel.

[0126] Ring et al. also reported preliminary evidence that subtype classification
using its 101 gene model could be useful for predicting patient outcomes for certain
therapies. For example, Ring et al reported that BL1 and BL2 TNBC subtypes, as defined
using its 101 gene model, differ in their pathological response to mitotic inhibitors; BL1
subtype tumors tended to have a better response rate. As other classification approaches
(including both the Lehmann et al. 2188-gene model and traditional pathological
assessments) had similarly noted better prognosis for chemotherapy with BL1 subtype
tumors relative to BL2 subtype, this finding was considered to provide initial validation that
the Ring ef al. 101 gene model represented important progress toward development of
predictive assessment tool; however Ring ef a/ itself notes both that further clinical
validation of predictive success would be required to establish a medically useful tool and,
furthermore, that reduced gene sets able “to individually classify each subtype” still needed

to be developed.

[0127] It is worth noting that, in subsequent work, Lehmann et al. observed that
tumors assigned by the 2188 gene model to a primary M classification did not have a

secondary correlation to the IM subtype also defined by that model. See, Lehmann et al.

44



WO 2023/150194 PCT/US2023/012158

“Refinement of Triple-Negative Breast Cancer Molecular Subtypes: Implications for
Neoadjuvant Chemotherapy Selection , 11, June 2016, incorporated herein by reference. In
fact, M subtype tumors demonstrated a strong negative correlation with the gene expression
features of the IM subtype. As noted above, Ring ef al subsequently established that the IM
signature observed by Lehmann ef a/ was not in fact a tumor subtype, but rather represented
presence of TIL in the samples. This observation that the IM signature represented gene
expression by TIL was confirmed by Grigoriadis ef a/., who furthermore noted that each of
the five actual tumor subtypes could be further classified by either a positive or negative IM
gene signature. See, Grigoriadis ef al. “Mesenchymal subtype negatively associates with the
presence of immune infiltrates within a triple negative breast cancer classifier”, 2016 San
Antonio Breast Cancer Symposium, December 2016, incorporated herein by reference in its

entirety).

[0128] The present disclosure provides technologies for improved cancer subtype
classification and, moreover, provides technologies for predicting tumor responsiveness to

particular immunotherapies (e.g., to immune checkpoint inhibitor therapies).

[0129] Among other things, the present disclosure (1) provides technologies for
establishing small gene sets (i.e., involving about 10 to about 50, or preferably about 10 to
about 30 genes) whose expression patterns accurately subtype tumor samples; (2) provides
an insight that consideration of including mesenchymal (M) subtype signature and also
immunomodulatory (IM) status, and in certain embodiments including each of (a) M
subtype, (b) mesenchymal-stem-like (MSL) subtype, and also (c) IM status, permits
effective assessment of likely responsiveness to immunotherapies such as immune
checkpoint inhibitor therapies; and (3) that assessment of IM status (as a positive predictor
of responsiveness) vs M and/or MSL status (as a negative predictor of responsiveness) using
the provided small gene set effectively determines likelihood of tumor responsiveness to

immune checkpoint inhibitor therapy.

[0130] The present disclosure exemplifies provided technologies in the context of
both triple negative breast and non -small cell lung cancer, and teaches its applicability

across cancers (e.g., across solid tumors).

[0131] Among other things, the present disclosure solves certain problems
associated with tumor subtyping and/or predicting such responsiveness. For example, in a

study of gene signatures associated with tumor inflammation and epithelial-to-mesenchymal
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transition in lung cancer, Thompson et al. described “Disagreement [that] exists in the
literature about the relationship of inflammatory genes to the mesenchymal phenotype”. See
Thompson et al., “Gene signatures of tumor inflammation and epithelial-to-mesenchymal
transition (EMT) predict responses to immune checkpoint blockade in lung cancer with high
accuracy”, Lung Cancer, 139, 2020, incorporated herein by reference. Specifically,
Thompson ef al. noted that other researchers (Chae ef al, “Epithelial mesenchymal transition
(EMT) signature is inversely associated with T-cell infiltration in non-small cell lung cancer
(NSCLC)”, Sci. Rep., 8, 2018) had “found that a more mesenchymal signature was
associated with lower T cell gene expression in NSCLC” which they contrasted with their
own data, which they described as “‘showing that tumors with higher inflammation scores
had higher (more mesenchymal) EMT scores™, which they observed was “similar” to reports
from yet others (Lou ef al, “Epithelial-mesenchymal transition is associated with a distinct
tumor microenvironment including elevation of inflammatory signals and multiple immune
checkpoints in lung adenocarcinoma”, Clin. Cancer Res., 22,2016, and Chen et al.,
“Metastasis is regulated via microRNA-200/ZEB1 axis control of tumour cell PD-L1
expression and intratumoral immunosuppression”, Nat. Commun., 5, 2014, each of which is

incorporated herein by reference.

[0132] The present disclosure provides technologies that define small gene sets
effective for tumor subtype classification, and furthermore for comparison of “M” and/or
“MSL” vs “IM” status, while establishing benefit of a combined “positive™/ negative”
assessment approach, considering both IM (positive) and M and/or MSL (negative) features,
for determining tumor responsiveness to immunomodulation therapy such as immune

checkpoint inhibitor therapy.

[0133] Among other things, the present disclosure provides technologies for
assigning an immuno-oncology (I10O) score to a tumor sample by assessing both the negative
predicting features of the M subtype and the positive predicting features of the IM status
through gene expression analysis of a small set (e.g., about 10 to about 50, or preferably
about 10 to about 30) of genes. In some embodiments, the present disclosure provides
technologies for assigning an 1O score to a tumor sample by assessing both the negative
predicting features of the MSL subtype and the positive predicting features of the IM status
through gene expression analysis of a small set (e.g., about 10 to about 50, or preferably

about 10 to about 30) of genes. In some embodiments, the present disclosure provides
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technologies for assigning an 1O score to a tumor sample by assessing both the negative
predicting features of the M and MSL subtype and the positive predicting features of the IM
status through gene expression analysis of a small set (e.g., about 10 to about 50, or
preferably about 10 to about 30) of genes. The present disclosure exemplifies effectiveness
of provided strategies, including by development of a 27-gene panel established to be
effective for tumor subtype classification and characterization of likely responsiveness (or

resistance) as described herein.

[0134] Importantly, the present disclosure demonstrates that, unlike previous cancer
subtyping and scoring methods, provided technologies can develop small gene sets (e.g.,
including about 10 to about 50, or even about 10 to about 30 genes) effective to classify
tumor subtypes and furthermore to predict tumor responsiveness across different cancers.
Indeed, literature reports have declared that “it is improbable to predict wide-ranging clinical
benefits without using a wide set of biomarkers™. See, Fares ef al. “Mechanisms of
Resistance to Immune Checkpoint Blockade™, ACSO Educational Book, 39, 2019,
incorporated herein by reference. The present disclosure demonstrates surprising success in

this area of acknowledged challenge.

[0135] Without wishing to be bound by any particular theory, the present disclosure
provides an insight that consideration of conditions of the tumor microenvironment may
contribute to successful development of predictive models as described herein. For
example, in some embodiments, the present disclosure teaches potentially excluding from
gene sets utilized for assessment of tumor subtype and/or responsiveness to
immunomodulation therapy (e.g., to immune checkpoint inhibitor therapy) as described
herein genes, such as those that encode for the TGF-p family of proteins (e.g. TGFB1), that
participate broadly in multiple cellular functions. In some embodiments, the present
disclosure teaches that focus on more downstream genes and/or on genes involved in

features of the tumor microenvironment.

[0136] Among other things, the present disclosure therefore provides a medically
useful tool for classifying tumor samples and/or for predicting likely prognosis and/or
predicting likely responsiveness of the tumor(s) to particular therapeutic modalities and/or
treatment regimens, and specifically to immunomodulation therapy treatments such as

immune checkpoint inhibitor therapy when appropriate or to therapies which act upon the
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tumor microenvironment to enhance immunogenicity and improve responsiveness to
immunomodulation therapy treatments such as immune checkpoint inhibitor therapy when

appropriate.

[0137] In some embodiments, the present disclosure provides kits for detecting
expression of gene expression signatures in or from tumor samples, as well as technologies

for selecting, monitoring, and/or adjusting therapies administered.

[0138] Alternatively or additionally, in some embodiments, the present disclosure
provides technologies for developing small gene sets (e.g., including about 10 to about 50,
or even about 10 to about 30 genes) and/or for establishing their effectiveness in classifying
tumor samples and/or in predicting likely prognosis and/or responsiveness to particular
therapeutic modalities and/or treatment regimens, and specifically to immunomodulation

therapy treatments such as immune checkpoint inhibitor therapy.

Immunomodulation Therapy

[0139] As noted herein, the present disclosure provides insights relating to
responsiveness of particular tumors (i.e., patients) to particular therapy, and specifically to
immunomodulation therapy. Without wishing to be bound by any particular theory, the
present disclosure teaches that consideration of particular markers (e.g., those reflective of a
mesenchymal and/or mesenchymal-like state, and/or those reflective of immunological
activity within the tumor microenvironment) together can distinguish between and among
tumors that (a) are in an immunologically “cold” state and are unlikely to respond to
immunomodulation therapy; (b) are in an immunologically “hot” state and are likely to
respond to immunomodulation therapy; and (c) are in an immunologically “poised” state,
susceptible to transition to a “hot” state (e.g., by exposure to a particular treatment or
therapy which may, in some embodiments, be or comprise immunomodulation therapy or
may be or comprise other therapy, for example that may enhance immunogenicity for

subsequent treatment by immunomodulation therapy).

[0140] Among other things, the present disclosure provides an insight that
consideration of “intrinsic” vs “extrinsic” features characteristic of an immunological state
can provide useful and valuable information, including as is relevant to therapy. For

example, in some embodiments, assessment of immunological state can consider: (i)

48



WO 2023/150194 PCT/US2023/012158

properties of a tumor itself, and/or (ii) properties of surrounding non-malignant, stromal
tissue. In some embodiments, properties according to (i) may be referred to as intrinsic
features and may correlate to the M or mesenchymal subtype. In some embodiments,
properties according to (ii) may be referred to as extrinsic features and correlates to the MSL
or mesenchymal-stem-like subtype. Without wishing to be bound by any particular theory,
the present disclosure proposes, in some embodiments, that intrinsic and extrinsic features
work together (e.g., synergistically with each other) to promote immune escape, e.g., where
an immune system loses its capability adequately impede the growth of a tumor (See,
Seliger, B. and C. Massa, Immune Therapy Resistance and Immune Escape of Tumors.
Cancers, 2021. 13(3): p. 551; Xiong, J., H. Wang, and Q. Wang, Suppressive Myeloid Cells
Shape the Tumor Immune Microenvironment. Advanced Biology, 2021. 5(3): p. 1900311;
Xiao, Y. and D. Yu, Tumor microenvironment as a therapeutic target in cancer. Pharmacol
Ther, 2021. 221: p. 107753, each of which is incorporated herein by reference in its
entirety); in some embodiments, according to the present disclosure, assessment of such
features can therefore inform likelihood that the relevant tumor will or will not be

responsive to a particular therapy..

[0141] In some embodiments, intrinsic features of an immunologically “cold” state
may include one or more of (i) an ability to evade recognition by the immune system (e.g.,
through mutations in tumor DNA); and (ii) having undergone epithelial to mesenchymal
transition (See, Seliger, B. and C. Massa, Immune Therapy Resistance and Immune Escape
of Tumors. Cancers, 2021. 13(3): p. 551; McGranahan, N., et al., Allele-Specific HLA Loss
and Immune Escape in Lung Cancer Evolution. Cell, 2017. 171(6): p. 1259-1271.e11, each

of which is incorporated herein by reference in its entirety).

[0142] In some embodiments, extrinsic features of an immunologically “cold” state
may include one or more of (i) increased presence of immune-suppressive cells (e.g., certain
types of CAFs, M2 macrophages, N2 neutrophils); (ii) increased vascularization of the
tumor microenvironment (TME); and (ii1) increased expression of one or more extracellular
matrix genes (ECM) (See, Seliger, B. and C. Massa, Immune Therapy Resistance and
Immune Escape of Tumors. Cancers, 2021. 13(3): p. 551; Desbois, M. and Y. Wang,
Cancer-associated fibroblasts: Key players in shaping the tumor immune microenvironment.
Immunological Reviews, 2021. 302(1): p. 241-258, each of which is incorporated herein by

reference in its entirety).
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[0143] In some embodiments, tumors classified as having high expression levels of
genes with an M subtype (e.g., a tumor with M subtype) may secrete factors that recruit
cancer-associated fibroblasts (CAFs) to the stroma. In some embodiments, CAFs may
secrete factors such as fibroblast growth factor (FGF) and Wnt Family Member 3A (Wnt-3a)
to promote proliferation in cancer cells and stromal derived factor-1 (CXCL12) to increase

metastatic potential.

[0144] In some embodiments, immunosuppression in the stroma (e.g., in a tumor
with MSL subtype) may limit types of immune cells targeting a tumor. In some
embodiments, a tumor with M or MSL subtype may appear non-antigenic to one or more

immune cells.

[0145] In some embodiments, the present disclosure provides technologies for
administering (and/or monitoring and/or refraining from administering) certain therapies,
e.g., an immunomodulatory therapy such as ICI therapy. Alternatively or additionally, in
some embodiments, the present disclosure provides technologies for administering (and/or
monitoring and/or refraining from administering) an immunomodulatory therapy such as T-
cell therapy (e.g., CAR-T therapy) and/or vaccine therapy (e.g., neoantigen vaccination).
Still further alternatively or additionally, in some embodiments, the present disclosure
provides technologies for administering (and/or monitoring and/or refraining from
administering) one or more combination therapies including, for example a combination of a
non-immunomodulatory therapy (e.g., chemotherapy, radiation therapy, surgery, etc) with
an immunomodulation therapy (e.g., ICI therapy, T cell therapy, vaccination, etc). Indeed,
in some embodiments, treatment with another therapy may sensitize or otherwise enhance
responsiveness of tumor to immunomodulation therapy, e.g., by enhancing the
immunogenicity state of the tumor, as may in some embodiments be assessed, for example,
as described herein.

Immune Checkpoint Inhibitory Therapy
[0146] Recent research has shown that malignant cells can escape
immunosurveillance through different mechanisms, including activation of immune
checkpoint pathways that can suppress immune responses. T cells typically target tumor
cells through two main mechanisms: 1) antigen-specific signals mediated by T cell receptors
or 2) antigen-nonspecific signals through co-signaling receptors (see Figure 1). Cellular

expression of co-signaling receptors can either activate T-cell response (co-stimulatory
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receptors) or reduce T cell response (co-inhibitory receptors). See, for example, Chen et al.
“Molecular mechanisms of T cell co-stimulation and co-inhibition” Nat. Rev. Immunol., 13,

2013, incorporated herein by reference in its entirety.

[0147] Tumor cells that express co-inhibitory receptors are able to “hide” as
functional host tissue to evade immune recognition and attack. Inhibitory factors, e.g.
antibodies, that bind to co-inhibitory immune checkpoints can interrupt these pathways and
promote an immune response targeting tumor cells. These immune checkpoint inhibitors
(ICIs) can target various immune checkpoints, including, for example, CTLA-4 (CD 152),
PD-1, PD-L1, BTLA, VISTA, TIM-3, LAG3, CD47, and TIGIT, as well as their respective
binding partners. ICIs can also target various co-stimulatory molecules, including, for
example, CD137, OX40, and GITR. See, for example, Advani ef al. “CD47 Blockage by
Hu5F9-G4 and Rituximab in Non-Hodgkin’s Lymphoma™ N. Engl. J. Med., 379, 2018;
Anderson et al., “Promotion of tissue inflammation by the immune receptor Tim-3
expressed on innate immune cells” Science, 318, 2007; Fourcade et al. “CD8(+) T cells
specific for tumor antigens can be rendered dysfunctional by the tumor microenvironment
through upregulation of the inhibitory receptors BTLA and PD-1" Cancer Res., 72, 2012;
Gough et al. “Adjuvant therapy with agonistic antibodies to CD134 (0X40) increases local
control after surgical or radiation therapy of cancer in mice” J. Immunother., 33, 2010;
Hernandez-Chacon et al., “Costimulation through the CD137/4-1BB pathway protects
human melanoma tumor-infiltrating lymphocytes from activation-induced cell death and
enhances antitumor effector function” J. Immunother., 34, 2011; Lines et al. “VISTA is an
immune checkpoint molecule for human T cells” Cancer Res., 74, 2014; Ngiow et al. “Anti-
TIM3 antibody promoters T cell [FN-gamma-mediated antitumor immunity and suppresses
established tumors™ Cancer Res., 71, 2011; Schaer et al. “Anti-GITR antibodies-potential
clinical applications for tumor immunotherapy” Curr. Opin. Investig. Drugs, 11, 2010, Wang
et al. “VISTA, anovel mouse Ig superfamily ligand that negatively regulates T cell
responses” J. Exp. Med., 208, 2011; Watanabe ef al. “BTLA is a lymphocyte inhibitory
receptor with similarities to CTLA-4 and PD-1" Nat. Immunol., 4, 2003; Woo et al.
“Immune inhibitory molecules LAG-3 and PD-1 synergistically regulate T-cell function to
promote tumoral immune escape” Cancer Res., 72, 2012; Vaddepally er al. “Review of

Indications of FDA-Approved Immune Checkpoint Inhibitors per NCCN Guidelines with
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the Level of Evidence” Cancers, 12, 2020, each of which is incorporated herein by reference

in its entirety.

[0148] Immunotherapies using immune checkpoint inhibitors (ICIs) have shown
great promise in the treatment of various cancers, particularly including cancers
characterized by solid tumors. Indeed, ICI therapy is standard of care for lung cancer, breast
cancer, and certain other solid tumor types (See, Tang ef al., “Comprehensive analysis of the
clinical immuno-oncology landscape”, Ann. Oncol., 29, 2018; see also, Vaddepally et al.,
Review of Indications of FDA-Approved Immune Checkpoint Inhibitors per NCNN
Guidelines with the Level of Evidence”, Cancers (Basel), 12, 2020, each of which is
incorporated herein by reference in its entirety). Although ICIs are able to improve clinical
outcomes for patients with a variety of solid tumors, only a small subset of patients respond
(See, Havel et al., “The evolving landscape of biomarkers for checkpoint inhibitor
immunotherapy”, Nat Rev Cancer, 19, 2019; see also, Marshall et al., “Immuno-Oncology:
Emerging Targets and Combination Therapies™, Front Oncol, 8, 2018, each of which is
incorporated herein by reference in its entirety). Moreover, ICIs can cause immune-related
adverse events, some of which are clinically serious and potentially life-threatening (See,
Postow et al., “Immune-Related Adverse Events Associated with Immune Checkpoint
Blockade™, N. Engl. J Med, 378, 2018; see also, Puzanov ef al., “Managing toxicities
associated with immune checkpoint inhibitors: consensus recommendations from the
Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group™, J
Immunother Cancer, 5, 2017, each of which is incorporated herein by reference in its
entirety). The present disclosure addresses a need to identify patients who are more likely to

benefit from ICI therapy with minimal toxicity.

[0149] There are currently a number of FDA-approved ICIs on the market that target
PD-1, PDL-1, and CTLA-4 immune checkpoints (see Table 2 below). Immunomodulation
therapy treatment with these ICIs has been approved and tested for a variety of indications,
with scoring guidelines also available based upon the publicly available National
Comprehensive Cancer Network (NCCN) scoring guidelines (see Tables 3-9 below).
Dosage and usage information for each drug is also available within corresponding, publicly

available FDA prescribing information.

[0150] Table 2: FDA-Approved ICIs
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Drug Name Target Initial FDA Dosage information
Approval Date
ipilimumab CTLA-4 | 2011 See page 1 of FDA prescribing
information
nivolumab PD-1 2014 See page 1 of FDA prescribing
information
pembrolizumab | PD-1 2014 See pages 1-3 of FDA prescribing
information
cemiplimab- PD-1 2018 See page 1 of FDA prescribing
rwlc information
atezolizumab PDL-1 2016 See page 1 of FDA prescribing
information
avelumab PDL-1 2017 See page 1 of FDA prescribing
information
durvalumab PDL-1 2017 See page 1 of FDA prescribing
information
[0151] Table 3: Ipilimumab Indications and NCCN Guidelines. Adapted from
Vaddepally et al.
Indications NCCN Guideline
Category
Surgically unresectable, stage 3 or 4 malignant melanoma, 2A
previously treated or untreated in adults and pediatric patients
> 12 years
BRAF V600 wild-type unresectable or metastatic melanoma 1
In combination with nivolumab for unresectable or metastatic 1
melanoma across BRAF status
Adjuvant treatment of cutaneous melanoma stage IITA, I1IB, 2A
and IIIC after complete resection along with total
lymphadenectomy
In combination with nivolumab, for patients with previously 1

untreated advanced renal cell carcinoma (RCC), relapse and
stage IV, with intermediate- or poor-risk RCC, regardless of
PD-L1 2A
This combination can be used in relapse and stage IV RCC
patients as a subsequent therapy after patients have undergone
TKI, VEGF or mTOR therapy

In combination with nivolumab for microsatellite instability- 2A
high (MSI-H) or mismatch repair deficient (AIMMR)
metastatic colorectal cancer that has progressed following
treatment with fluoropyrimidine, oxaliplatin, and irinotecan in
adults and pediatric patients >12 years
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[0152] Table 4: Nivolumab Indications and NCCN Guidelines. Adapted from
Vaddepally et al.
Indications NCCN Guideline
Category
Unresectable or metastatic melanoma cancer progressed 1

following treatment with ipilimumab, or a BRAF inhibitor in
BRAF mutation-positive patients

In combination with ipilimumab for unresectable or 1
metastatic melanoma across BRAF status

Lymph node-positive or metastatic melanoma patients who 1
had undergone complete resection

Current first-line systemic therapy in patients with recurrent 1
or metastatic melanoma regardless of BRAF V600-mutation

status

Second line regardless of the histological subtype in non- 1

small-cell lung cancer (NSCLC) in patients who showed
progression despite the platinum-based therapy

Small-cell lung cancer (SCLC) patients who progressed on 2A
platinum-based therapy and at least one other line of therapy

Advanced renal cell cancer (RCC) with prior anti-cancer 1
therapy (mTOR)

In combination with ipilimumab, for patients with previously 1
untreated advanced RCC, relapse and stage IV, with

intermediate- or poor-risk RCC, regardless of PD-L1 This 2A

combination can be used in relapse and stage IV RCC patients
as a subsequent therapy after patients have undergone TKI,
VEGF or mTOR therapy

Hodgkin’s lymphoma that has progressed or relapsed after 2A
auto-HSCT and post-transplantation brentuximab vedotin
therapy, or three or more lines of systemic therapy that
includes auto-HSCT

Recurrent or metastatic squamous cell cancer of head and 1*
neck (SCCHN) that hasprogressed on or after platinum-based 2B*
therapy (non-nasopharyngeal—Category 1*;
nasopharyngeal—Category 2B*)

Surgically unresectable or metastatic urothelial cancer A
In combination with ipilimumab for microsatellite instability- 2A
high (MSI-H) or mismatch repair deficient (AIMMR)
metastatic colorectal cancer that has progressed following
treatment with fluoropyrimidine, oxaliplatin, and irinotecan in
adults and pediatric patients > 12 years

Hepatocellular carcinoma (HCC) previously treated with 2A
sorafenib
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[0153] Table 5: Pembrolizumab. Indications and NCCN Guidelines. Adapted from
Vaddepally et al.
Indications NCCN Guideline
Category
Metastatic melanoma refractory to ipilimumab and BRAF 2A
inhibitor with BRAF mutation
Previously untreated advanced melanoma regardless of BRAF 2A
mutation status
Adjuvant treatment of lymph node(s)-positive melanoma 1
following complete resection
Metastatic melanoma with limited resectability, if there is no 2A
disease after resection, as an adjuvant therapy
Metastatic non-small-cell lung cancer (NSCLC) that 1

progressed after platinum-based therapy or, if appropriate,
targeted therapy (EGFR/ALK mutation) and positive for

PDL-1

First-line treatment in patients with metastatic non-small-cell 1

lung cancer with high PDL-1 expression (50%) but no EGFR | 2B if PDL-1 1-49%
or ALK mutation

First-line treatment in combination with pemetrexed and 1

carboplatin for metastatic non-squamous NSCLC without
EGFR or ALK mutation, irrespective of PDL-1 expression
First-line treatment in metastatic squamous NSCLC in 1
combination with carboplatin with paclitaxel/nab-paclitaxel
regardless of PD-L1 status

First-line monotherapy in patients with stage 3 NSCLC who 1
are not candidates for surgical resection as well as
chemoradiation or metastatic NSCLC with PDL-1 expression
1% and no EGFR or ALK mutation

For recurrent or metastatic squamous cell cancer of head and 1*
neck (HNSCC) patients with progression on standard 2B*
platinum-based therapy (non-nasopharyngeal—Category 1%;
nasopharyngeal and PD-L1 positive—Category 2B*)
First-line therapy for patients with metastatic or unresectable, 2A
recurrent HNSCC either as monotherapy in patients whose
tumor expresses PD-L1 (combined positive score 1%) or in
combination with platinum and fluorouracil

Refractory adult and pediatric classical Hodgkin’s lymphoma 2A
Unresectable or metastatic urothelial cancer with progression 2A
on or after platinum-based therapy including in the adjuvant

setting

First-line therapy for unresectable or metastatic urothelial 2A
cancer patients who are ineligible for cisplatin-containing

chemotherapy

Locally advanced or metastatic urothelial carcinoma patients 2A

who are not eligible for cisplatin-containing therapy and
whose tumors express PD-L1 > 10%, or in patients who are

55



WO 2023/150194 PCT/US2023/012158

not eligible for any platinum-containing chemotherapy
regardless of PD-L1 status

Unresectable or metastatic solid tumor patients with 2A
biomarker MSI-H or IMMR who have progressed after first-
line therapy without satisfactory alternative therapy,
irrespective of the location of the primary tumor

Third-line therapy for recurrent locally advanced or metastatic 2A
gastric or gastroesophageal junction (GEJ) adenocarcinoma
patients with PD-L1 expression (combined positive score
1%) who have progressed on or after two or more prior lines
of therapy including fluoropyrimidine and a platinum-based
regimen and, if appropriate, HER2/neu-targeted therapy
Esophageal (squamous and adenocarcinoma) and EGJ 2A
adenocarcinoma, subsequent therapy for MSI-H or dIMMR
tumors; Category 2B for second-line therapy with PD-L1
expression 10% Category 2B for third-line or subsequent

therapy

Recurrent or metastatic cervical cancer progressing on or after 2A
chemotherapy and positive for PDL-1

Refractory or relapsed primary mediastinal large B-cell 2A
lymphoma (PMBCL)

HCC patients who had previously been treated with sorafenib 2B
First-line therapy for adult and pediatric patients with 2A

recurrent or locally advanced or metastatic Merkel cell
carcinoma (MCC)

Combination with axitinib (Inlyta) as first-line treatment for 1*
patients with metastatic renal cell cancer (RCC) (poor and 2A*
intermediate risk—Category 1*; favorable risk—Category
2A%)
[0154] Table 6: Cemiplimab Indications and NCCN Guidelines. Adapted from
Vaddepally et al.
Indications NCCN Guideline
Category
Metastatic or locally advanced cutaneous squamous cell 2A
carcinoma who are not the candidate for curative surgery or
radiation
[0155] Table 7: Avelumab Indications and NCCN Guidelines. Adapted from
Vaddepally et al.
Indications NCCN Guideline
Category
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Metastatic Merkel cell carcinoma of adults and pediatric
patients > 12 years including those who have not received
prior chemotherapy

2A

Locally advanced or metastatic urothelial carcinoma patients
whose disease progressed during or following platinum-
containing chemotherapy or within 12 months of neoadjuvant
or adjuvant platinum-containing chemotherapy

2A

Avelumab in combination with axitinib (Inlyta) for the first-
line treatment of patients with advanced renal cell carcinoma
(RCC) alternative to pembrolizumab (which is the preferred
agent)

2A

[0156] Table 8: Durvalumab Indications and NCCN Guidelines. Adapted from
Vaddepally et al.

Indications NCCN Guideline

Category

Locally advanced or metastatic urothelial carcinoma patients 2A

with disease progression during or following platinum-

containing chemotherapy, or whose disease has progressed

within 12 months of receiving platinum-containing

chemotherapy neoadjuvant or adjuvant, alternative to

preferred agent pembrolizumab

Stage III non-small-cell lung cancer (NSCLC) patients for 1

surgically unresectable tumors and whose cancer has not
progressed after treatment with chemoradiation

[0157]
Vaddepally et al.

Table 9: Atezolizumab Indications and NCCN Guidelines. Adapted from

Indications

NCCN Guideline
Category

Locally advanced or metastatic urothelial carcinoma with
disease progression during or following platinum-containing
chemotherapy, or within 12 months of receiving platinum-
containing chemotherapy as neoadjuvant or adjuvant therapy

2A

Locally advanced or metastatic urothelial carcinoma patients
who are not candidates for platinum-based chemotherapy
regardless of PD-L1 expression

2A

Metastatic non-small-cell lung cancer (NSCLC) patients with
disease progression during or following platinum-containing
chemotherapy who have progressed on an appropriate FDA-
approved targeted therapy

In combination with bevacizumab, paclitaxel and carboplatin
for initial treatment of people with metastatic non-squamous
non-small-cell lung cancer (NSCLC) with no EGFR or ALK
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In combination with carboplatin and etoposide, for the initial 1
treatment of adults with extensive-stage small-cell lung
cancer

In combination with paclitaxel for adults with unresectable 2A
locally advanced or metastatic triple-negative breast cancer in
people whose tumors express PD-L1

[0158] Combinations of ICI therapy with targeted therapeutics such as small
molecule immunomodulators (e.g. colony stimulating factor-1 receptor (CSF-1R) and focal
adhesion kinase (FAK)) and anti-angiogenesis (e.g. VEGF) inhibitors that act upon the
tumor microenvironment are being investigated to improve durable response rates. See, for
example, Osipov ef al. “Small molecule immunomodulation: the tumor microenvironment
and overcoming immune escape” J Immunother Cancer, 7. 224, 2019; Ciciola et al.
“Combining Immune Checkpoint Inhibitors with Anti-Angiogenic Agents” J Clin Med.,
9(3): 675, 2020.

[0159] Table 10: Recent FDA Approvals for ICI therapy in combination with
standard of care chemotherapy or targeted therapeutics. Adapted from

cancerresearch.org/immunotherapy/timeline-of-progress.

Description FDA Approval
Date
The FDA approved the combination of atezolizumab May 29, 2020

(Tecentriq), a PD-L1 checkpoint inhibitor, and bevacizumab
(Avastin), a VEGF-A monoclonal antibody, for the treatment
of patients with previously untreated hepatocellular
carcinoma (HCC), the most common form of liver cancer.
The FDA approved durvalumab (Imfinzi), a PD-L1 March 30, 2020
checkpoint inhibitor immunotherapy, as a the first-line
treatment of adult patients with extensive-stage small cell
lung cancer (ES-SCLC) in combination with standard-of-care
chemotherapy.

[0160] Table 11: Examples of Clinical Trials utilizing targeted therapeutics to act

upon the TME to improve immunomodulation. Adapted from Osipov et al. and Ciciola ef al.

Description NCI Identifier
Evaluation of Safety and Activity of an Anti-PDL1 Antibody NCT02777710
(DURVALUMAB) Combined With CSF-1R TKI
(PEXIDARTINIB) in Patients With Metastatic/Advanced
Pancreatic or Colorectal Cancers
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A Study of ARRY-382 in Combination With Pembrolizumab NCT02880371
for the Treatment of Patients With Advanced Solid Tumors

Phase I/II Study of BLZ945 Single Agent or BLZ945 in NCT02829723
Combination With PDR001 in Advanced Solid Tumors
Study of FAK (Defactinib) and PD-1 (Pembrolizumab) NCT02758587
Inhibition in Advanced Solid Malignancies (FAK-PD1)
ROCKIF Trial: Re-sensitization of Carboplatin-resistant NCT03287271

Ovarian Cancer With Kinase Inhibition of FAK
Defactinib Combined With Pembrolizumab and Gemcitabine NCT02546531
in Patients With Advanced Cancer
Study of Safety, Efficacy and Pharmacokinetics of CT-707 in NCT02695550
Patients With ALK-positive Non-small Cell Lung Cancer
Study of Pembrolizumab With or Without Defactinib NCT03727880
Following Chemotherapy as a Neoadjuvant and Adjuvant

Treatment for Resectable Pancreatic Ductal Adenocarcinoma

Phase I/II Study of Nivolumab and Ipilimumab Combined NCT03377023
With Nintedanib in Non Small Cell Lung Cancer
Combination Chemotherapy, Bevacizumab, and/or NCT02997228

Atezolizumab in Treating Patients With Deficient DNA
Mismatch Repair Metastatic Colorectal Cancer, the COMMIT
Study

Study of First-line Pembrolizumab (MK-3475) With NCT03898180
Lenvatinib (MK-7902/E7080) in Urothelial Carcinoma
Cisplatin-ineligible Participants Whose Tumors Express
Programmed Cell Death-Ligand 1 and in Participants
Ineligible for Platinum-containing Chemotherapy (MK-7902-
011/E7080-G000-317/ LEAP-011)

T Cell Therapy

[0161] Among the immunomodulation therapies being developed and/or utilized to
treat certain cancers are therapies that involve administration of populations of cells
(typically T cells) that have been expanded ex vivo. Adoptive T cell therapies, including
CAR-T therapies, have shown great promise in certain contexts. See, for example, Hinrichs
& Restifo Nat Biotechnol 31:999, 2013; Newick et al Oncolytics 2016; Zhang & Wang
doi.org/10.1177/1533033819831068, 2019. The present disclosure provides technologies
that can improve effectiveness of T cell therapies, by providing tumor characterization
technologies, and establishing parameters (e.g., correlations) indicative of tumor

responsiveness to immunomodulation.

[0162] Chimeric antigen receptor (CAR)-T-cell therapy is a form of
immunomodulation therapy that repurposes T cells to express specific protein components

able to recognize surface-exposed antigens on cancer cells. Once bound to a target, the

59



WO 2023/150194 PCT/US2023/012158

reprogrammed T cells activate and proceed to destroy the tumor cells through various
mechanisms, including, e.g., stimulated cell expansion and enhanced cytokine production
(See, Tang et al. “Therapeutic potential of CAR-T cell-derived exosomes: a cell-free
modality for targeted cancer therapy”, Oncotarget, 6, 2015, incorporated herein by reference
in its entirety). T cells may be harvested from a patient by leukapheresis and enriched
through various positive and negative selection methods, including, e.g., elutriation, ex vivo
expansion. Isolated T cell populations can be engineered ex vivo to express necessary CAR
machinery, including, e.g., tumor-binding regions, which are often optimized to target
cancer-specific surface antigens. These reprogrammed T cells can be further enriched to
select for viable cells expressing the desired CAR activation and binding domains, e.g.

through flow cytometry methods, including fluorescence-activated cell sorting (FACS).

[0163] Engineered CAR-T cells typically comprise an extracellular domain for
antigen recognition, which is connected to one or more intracellular signaling domains to
control T-cell activation. An antigen recognition domain may consist of one or more
antibody components, e.g. the variable heavy and variable light chains of an antibody, which
are fused through a peptide spacer. A peptide spacer may be further linked to an intracellular
signaling domain, such an immune-receptor-tyrosine-based-activation-motif (ITAM)
protein. Recent work has shown that inclusion of one or more co-stimulatory domains can
lead to improved T-cell activation, among other things (see Figure 2). CAR-T cells may be
harvested from a patient for self-use or collected from a healthy, allogeneic donor for use in
a patient. See, Feins ef al. “An introduction to chimeric antigen receptor (CAR) T-cell
immunotherapy for human cancer”, Am J Hematol. 94, 2019, incorporated herein by

reference in its entirety.

[0164] There are several FDA-approved CAR-T therapies currently available for
treatment of certain B-cell lymphomas. These therapies include tisagenlecleucel
(Kymriah™), axicabtagene ciloleucel (Yescarta™), and brexucabtagene autoleucel
(Tecartus™). Dosage and usage information for each therapy is available within

corresponding, publicly available FDA prescribing information.

Neoantigen Vaccine Therapy
[0165] Neoantigens are cancer-specific epitopes that arise as a result of unique

mutations within tumor cells. A variety of therapeutic modalities have been developed to
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trigger or enhance a patient’s immune response to neoantigens that arise in his/her tumor.
For example, a variety of prediction algorithms and/or characterization regimes have been
developed to identify those neoantigens most likely to support a robust patient immune
response, and vaccine technologies that administer peptides containing neoantigens, nucleic
acids (e.g., DNA or RNA) that encode them, dendritic cells that display them, T-cells that
target them, etc. have been the subject of many studies (See, for example, Figure 3 below
and Peng et al., “Neoantigen vaccine: an emerging tumor immunotherapy”, Mol. Cancer,
18, 2019; see also, Chu et al. Theranostics 8:4238, 2018, each of which is incorporated

herein by reference in its entirety).

Combination Therapy

[0166] In some embodiments, the present disclosure relates to administration (and/or
monitoring, and/or withholding) of one or more combination therapies, typically including

at least one immunomodulation therapy.

[0167] For example, according to the present disclosure, in some embodiments,
administration of one therapy may increase responsiveness to another therapy (e.g., to an

immunomodulation therapy).

[0168] Moreover, those skilled in the art are aware that combination therapy,
including combinations of immunomodulatory therapies, is often recommended for cancer

therapy.

[0169] For example, combination of ICIs with CAR-T therapy has been proposed,
among other things to address up-regulation of certain immune checkpoints that has been
shown to correlate with tumor resistance to CAR-T cell therapy. (See, Beatty ef al.,
“Chimeric antigen receptor T cells are vulnerable to immunosuppressive mechanisms
present within the tumor microenvironment”, Oncoimmunology, 3, 2014, incorporated
herein by reference in its entirety). Alteratively or additionally, combination of T cell and
ICI therapy may address T-cell exhaustion reported with certain adoptive T cell (e.g., CAR-
T therapies) after initial activation and lysis of tumor cells (See Figure 4). Initial
administration of CAR-T therapy followed by ICI treatment has been proposed as a strategy
to induce reactivation of CAR-T function and produce functional therapeutic persistence

(See, Grosser et al., “Combination Immunotherapy with CAR T Cells and Checkpoint
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Blockade for the Treatment of Solid Tumors™, Cancer Cell, 36, 2019, incorporated herein by

reference in its entirety).

[0170] Additionally, pre-clinical studies have shown that combination therapies
comprising an anti-CTLA-4 antibody and a tumor antigen-specific vaccine led to increased
survival in a tumor cell model (See, Linch et al., “Combination OX40 agonist/CTLA-
blockade with HER2 vaccination reverses T-cell anergy and promotes survival in tumor-
bearing mice”, PNAS, 2016, incorporated herein by reference in its entirety). Various
reports recommending combination of ICI therapy with neoantigen therapy have also been
described. See, for example, Fotin-Mleczek et al. J Gene Med. 14(6):428-39; see also
WO02014/127917.

[0171] In some embodiments, provided technologies are applied to combination
therapy with at least one immunomodulation therapy and at least one other therapy (e.g..,

chemotherapy, radiation therapy, surgical therapy, etc.).

[0172] For example, certain kinase inhibitors have been shown to enhance ICI
therapy effects (See, Langdon ef al., “Combination of dual mTORC1/2 inhibition and
immune-checkpoint blockade potentiates anti-tumour immunity”, Oncoimmunology, 7,
2018, incorporated herein by reference in its entirety). Various pathways are known to
interact with PD-1 signaling, for example, and could be targeted through co-administration

of various therapeutics with ICIs (See Figure 5).

[0173] Without wishing to be bound by a particular therapy, the present disclosure
provides insights relating to tumor responsiveness that are applicable to various combination
therapies. In some embodiments, a combination of one or more immunotherapies and/or
anti-tumor therapies may be predicted to be effective when administered to particular
patients identified as described herein and/or when administered in a particular order. In
some embodiments, the present disclosure provides technologies for selecting patients to
receive (or not) such combination therapy, and/or for monitoring such combination therapy
(e.g., to assess likely continued effectiveness over time). In some embodiments,
effectiveness is assessed or pre predicted relative to a particular comparator therapy (e.g.,
monotherapy).

10 Scores for Inmune Checkpoint Inhibitor Therapy

[0174] Given the importance of ICI therapy, significant effort has been invested in

determining predictive biomarkers that can support patient selection for ICI therapy (i.e.,
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that can discriminate between patients who are or are not likely to respond if treated with

ICI therapy).

[0175] For example, several studies have investigated expression of programmed
death-ligand 1 (PD-L1) on tumor cells as a potential predictive biomarker for responsiveness
to therapy targeting PD-1 and/or PD-L1. Unfortunately, literature reports that PD-L1 testing
does not consistently predict patient benefit from immunomodulation therapy (See, Gibney
et al., “Predictive biomarkers for checkpoint inhibitor-based immunotherapy”, Lancet
Oncol, 17, 2016; see also, Mehnert et al., “The Challenge for Development of Valuable
Immuno-oncology Biomarkers™, Clin Cancer Res, 23, 2017; see also, Wojas-Krawczyk et
al., “Beyond PD-L1 Markers for Lung Cancer Immunotherapy”, Int J Mol Sci, 20, 2019,

each of which is incorporated herein by reference in its entirety).

[0176] The present disclosure identifies the source of a problem with many such
efforts to identify sufficiently effective predictive biomarkers for ICI therapy to be useful in
treating patient populations. For example, without wishing to be bound by any particular
theory, the present disclosure proposes that complexity of the tumor-immune system
interactions that characterize the tumor microenvironment (TME) can complicate efforts to
develop such sufficiently effective biomarkers. Within the TME is a complex and dynamic
milieu of non-malignant cells that interact with each other and with the tumor cells, affecting
tumor growth, invasion and metastasis (See, Binnewies et al., “Understanding the tumor
immune microenvironment (TIME) for effective therapy”, Nat Med, 24, 2018; see also,
Butturini ef al., “Tumor Dormancy and Interplay with Hypoxic Tumor Microenvironment™,
20, 2019, each of which is incorporated herein by reference in its entirety). The present
disclosure proposes that a biomarker which is able to capture the complex interactions and
signals of the TME could be more useful in selecting patients who are more likely to benefit
from ICI therapies because multiple dimensions are assessed. Assessment of multiple
biomarker dimensions can increase sensitivity and accommodate sampling error to produce
more accurate results when working with limited sample sizes, e.g. limited amount of tumor

tissue sample.

[0177] One approach to developing positive or negative immunomodulatory
signatures that might be useful as biomarkers of responsiveness to ICI therapy involved
clinical subtyping of triple negative breast cancer (TNBC) patients (See, Ring et al.,

“Generation of an algorithm based on minimal gene sets to clinically subtype triple negative
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breast cancer patients”, BMC Cancer, 16, 2016, incorporated herein by reference in its
entirety). In particular, a 101-gene model was developed that classified TNBC into five
molecular subtypes, including two basal like (BL1 and BL2), luminal androgen receptor
(LAR), mesenchymal (M), and mesenchymal stem-like (MSL); with each of these subtypes

further classified by a positive or negative immunomodulatory (IM) signature.

[0178] The present disclosure report provides an insight that TNBC tumors of the M
subtype never had a positive IM signature, an observation that can now be appreciated to be
consistent with studies showing that the M and IM subtypes are inversely correlated (See,
Lehmann et al., “Refinement of Triple-Negative Breast Cancer Molecular Subtypes:
Implications for Neoadjuvant Chemotherapy Selection™, PLoS One, 11, 2016; see also,
Grigoriadis ef al., “Mesenchymal Subtype Negatively Associates with the Presence of
Immune Infiltrates within a Triple Negative Breast Cancer Classifier”, 2016, each of which

is incorporated herein by reference in its entirety).

[0179] Without wishing to be bound by any particular theory, the present disclosure
proposes that the M and MSL subtypes may be considered antithetical to the IM subtype,
with the former subtypes indicating a more quiescent immunological state and the latter
indicating an immunologically active state. Additionally, the present disclosure provides an
insight that the molecular basis for the M, MSL, and IM subtypes can translate across other
solid tumor types based on features of the TME driving this profile. The present disclosure
describes technologies that it demonstrates are effective to develop a gene expression
algorithm to measure a TME by optimizing a gene set to include those most relevant to the
M, MSL, and IM subtypes. Among other things, the present disclosure provides an insight
that strategies provided herein can distinguish tumors in an immunologically active (e.g.,
“hot”) state from tumors that are either: 1) in a more quiescent state and unlikely to respond
(e.g., “cold”) to immunomodulation therapy (e.g. due to increased expression of signatures
associated with M and MSL subtypes); and/or 2) in a more quiescent state yet poised to
develop or enter an immunologically active state (e.g., to become immunologically “hot”™),
and therefore likely to respond to immunomodulation therapy (e.g. due to increased
expression of signatures associated with IM subtype). These findings may well generalize
across tumors (e.g. particularly across solid tumors) and therefore have expanded utility

across multiple cancer types.
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[0180] The present disclosure exemplifies effectiveness of provided technologies
through development and validation of a new 27-gene immuno-oncology algorithm that
measures the TME and generates an associated 10 score predicting response to
immunomodulation therapy treatment. This algorithm was optimized using genes expressed
in both quiescent and immunologically active tumors and may be useful in predicting

response to immunotherapies.

[0181] In some embodiments, genes assessed in a provided algorithm are associated
with a positive IM signature and M and/or MSL subtypes. In particular embodiments, genes
with a positive IM signature are characterized as being associated with increased innate
immunity (e.g. increased tumor infiltrating lymphocyte and/or natural killer cell levels)
and/or adaptive immunity (e.g. increased CD4, CD8 levels) as well as decreased
inflammatory characteristics (e.g. decreased neutrophil and/or regulatory T-cell levels). In
some embodiments, genes with an M subtype are characterized as having increased
expression of one or more of: (1) markers of epithelial-to-mesenchymal transition (EMT);
(2) factors (e.g., secreted factors) that may recruit cancer-associated fibroblasts (CAFs) to
the stroma. In some embodiments, genes with an MSL subtype are characterized as
expressing 1) markers of cancer-associated fibroblasts (CAFs); and 2) markers of
mesenchymal stem cells (MSCs), relative to a reference. In some embodiments, inclusion of
independent IM, EMT, CAF, and MSC signatures ensures accurate algorithm scoring when

making prognostic or predictive responses to immunomodulation therapy.

[0182] Among other things, the present disclosure documents a variety of
advantages provided by technologies described herein, including the exemplified small gene

set (i.e., 27-gene) immuno-oncology algorithm.

[0183] For example, the ability to define small (e.g., about 10 to about 50, or even
about 10 to about 30) gene sets effective to achieve subtype classification and/or
responsiveness prediction as described herein dramatically improves commercial feasibility.

Moreover, application across cancers provides unusual and unexpected versatility.

[0184] The present disclosure addresses a previously unmet need for improved
biomarkers to optimize ICI immunomodulation therapy use in clinical settings. Provided
small gene set algorithms (e.g., the exemplified 27-gene immuno-oncology algorithm) can
distinguish patients likely to benefit from treatments such as ICIs. Unlike previously

described biomarker models, provided technologies measure the immunological state of the
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TME as a means to capture the interplay of the patient’s immune system and tumor immune
evasion. The concept that “tumors are wounds that do not heal” has been used to describe
this interplay as the tumor co-ops the wound healing response which encompasses
immunosurveillance as well as various aspects of wound healing that appear to be
components of tumor maintenance and growth (See, Dvorak et a/., “Tumors: wounds that do
not heal-redux”, Cancer Immunol Res, 3, 2015, incorporated herein by reference in its
entirety). Without wishing to be bound by any particular theory, we propose that provided
strategies uniquely capture aspects of immunosurveillance, immunosuppression, and
immune evasion as a tumor transitions from a proliferative to a metastatic state, thereby

enabling for effective and accurate prediction.

[0185] In some embodiments, provided gene sets and/or algorithms may include
and/or focus on genes associated with IM, EMT, CAF, and MSC signatures, optionally in
preference to or even with exclusion of other markers (e.g. various growth factors), which

can regulate many different cellular functions and provide confounding effects on scoring.

[0186] Another advantage of provided technologies include their ability to utilize

data obtained from any of a variety of platforms.

[0187] In some embodiments, technologies described herein have improved
predictive power through measurement of each of IM, M, and MSL signatures rather than a

single marker group.

[0188] In some embodiments, technologies herein measure each of IM, M, and MSL
signatures relative to a reference threshold (e.g., relative to the expression of an alternate set
of genes, etc.). In some embodiments, a reference threshold may be determined through
analysis of patient data (e.g., relative to patterns of gene expression compared to a pre-

determined clinical standard).

[0189] Without wishing to be bound by any particular theory, we propose that, by
measuring the immunological state of the TME as a whole, technologies described herein
(e.g., including the exemplified 27-gene algorithm) may offer independent and incremental

predictive value over the current gold standard biomarkers in the clinic.

Other Features or Characteristics
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[0190] In some embodiments, patients assessed or selected (e.g., to receive [or not|
particular therapy) in accordance with the present disclosure may be characterized by one or

more features and/or characteristics other than (e.g., in addition to) a particular 10 score.

[0191] In some embodiments, features and characteristics assessed in accordance
with the present disclosure may include one or more of cancer type (e.g. tissue type and/or
histology of a tumor), prior lines of treatment received, age, and/or circulating tumor cell

burden.

Monitoring Over Time

[0192] In some embodiments, assessment of one or more particular features and/or
characteristics (e.g., 10 score and/or other characteristics or features) is performed with
respect to the same patient at a plurality of different time points. In some embodiments,
assessment of one or more particular features and/or characteristics is performed with
respect to a particular patient prior to initiation of a particular therapeutic regimen and/or
prior to administration of a particular dose of therapy in accordance with such therapeutic

regimen.

[0193] For example, in some embodiments, features and/or characteristic
assessment(s) is/are performed with respect to a subject or subjects who is receiving, has
received, or is a candidate to receive immunomodulation therapy (e.g., with an ICI). In some
embodiments, one or more features and/or characteristics is assessed prior to administration
of such immunomodulation therapy. In some embodiments, one or more features and/or
characteristics is assessed after administration of one or more doses of such
immunomodulation therapy. In some embodiments, one or more features and/or
characteristics is assessed prior to administration of immunomodulation therapy, and one or
more features and/or characteristics is assessed after administration of one or more doses of

immunomodulation therapy.

[0194] In some embodiments, different features and/or characteristics may be
assessed at different times. In some embodiments, a plurality of features and/or
characteristics may be assessed at the same time, and optionally others may be assessed at a

different time.
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[0195] In some embodiments, one or more features and/or characteristics may be
assessed at multiple times. In some embodiments, at least one feature and/or characteristic
may be assessed only a single time and one or more other feature(s) and/or characteristic(s)

may be assessed at multiple times.

[0196] In some embodiments, provided technologies identify and/or select a subject
or subject(s) to whom immunomodulation therapy (e.g. ICI therapy) is administered.
Alternatively or additionally, in some embodiments, provided technologies determine timing
for administration of one or more doses (which may, in some embodiments, be the same
dose or may be different doses) of such immunomodulation therapy. In some particular
embodiments, provided technologies determine timing for administration of one or more
doses of such immunomodulation therapy relative to one or more doses of another therapy

(e.g. chemotherapy).

[0197] In some embodiments, such monitoring of features and/or characteristics over
time may inform decisions to continue or modify particular therapy, to interrupt or terminate

such therapy, and/or to initiate alternative therapy.

[0198] In some embodiments, without wishing to be bound by any particular theory,
assessment of one or more particular features and/or characteristics (e.g., 10 score and/or
other characteristics or features) affirms a quiescent TME (cold), might indicate that agents
which modify or stimulate the immune response through stromal derived signals might be
beneficial. Such agents may include, but are not limited to, focal adhesion kinase (FAK)
inhibitors, anti TGF-beta, anti angiogenesis (e.g. VEGF, or other multi-targeted receptor
tyrosine kinase (RTK) inhibitors and other vascular normalization agents), therapies which
target the CD73-adenosine axis (e.g. CD73 inhibitors), other small molecule
immunomodulation therapies (e.g. CSF1 Receptor inhibitors), traditional chemotherapies
and MTOR inhibitors, bispecific molecules and antibodies, metabolic sequestration agents,

and anti TIGIT therapies.

[0199] In some embodiments a low IO score implies that a patient is less likely to
respond to ICI therapy and/or that a patient should consider alternate therapies guided by
standardized consensus guidelines such as the NCCN guidelines, and or consider treatments

offered in the context of an ongoing clinical trial.
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Algorithm Development

[0200] Elastic-net regularized linear models were employed to create individual
subclassifying models for the BL1, BL2, LAR, MSL, M, and IM subtypes with the subtypes
treated as a multinomial variable. The genes utilized for the M and IM subtype
classifications with this model were then used to derive a logistic elastic net model on the
new data set, minus three genes whose probes had been reassigned between analyses.
Strength of association with classification variables was assessed using ten-fold cross
validation of the misclassification error. The model threshold for determining the immuno-
oncology score (I0 score) was determined using the maximum area under the curve (AUC),
in contrast to the significance of the correlation method for determining threshold previously

described by Ring et al.

[0201] Without wishing to be bound by any particular theory, we note that one
differentiated feature of the way this signature was developed was that it was a robust
classifier first, and the association of the three features (M, IM, MSL) and their association
with ICI (and other immune therapies) discovered later. The robust ability to classify,
independent of knowing the biologic significance of classes, allows seamless translation
between tumors of different tissue of origin. For example, a classifier can be trained on any
gene expression dataset for a cancer of interest (e.g., a solid tumor cancer such as, for
example, bladder, breast, cervical, colon, endometrial, kidney, lip, liver, lung (small cell or
non-small cell), melanoma, mesothelioma, oral, ovarian, pancreatic, prostate, rectal,
sarcoma, thyroid, etc.) and then, after its ability to define, detect, and/or distinguish subtypes
of the relevant cancer is established, assess its correlation with responsiveness to particular

therapy (e.g., ICI therapy).

[0202] In some embodiments, one or more genes (e.g., genes not included in a
classifier or otherwise of interest) can be assessed through an established classifier in order
to determine association with one of the three features (M, IM, MSL). For example, in some
embodiments, these additional genes of interest can be added to an existing classifier gene
set (e.g., the 27 gene set described herein, the 939 gene set described in Example 9) and

association with the three features (M, IM, MSL) can be assessed through cluster analysis.

[0203] As described herein, among other things, the present disclosure provides

effective classification of M, IM, and MSL features. Those skilled in the art, reading the
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present disclosure will therefore appreciate that it permits assessment of association (e.g.,
correlation) with these classified features. Thus, the present disclosure permits identification
and/or characterization of other parameters (e.g., gene expression, gene mutation, protein
expression, protein modification, epigenetic modification, efc.) that so associate. In some
embodiments, such associated features may be or comprise biomarkers (e.g., that may act as
a proxy for M, IM and/or MSL features, and therefore, in some embodiments, for likelihood
of responsiveness to immunomodulation therapy) that may be detected, for example to
characterize subject(s) prior to administration of immunomodulation therapy (e.g., to assess
likelihood of responsiveness and/or to select for receipt of immunomodulation therapy
and/or for alternative therapy) and/or to monitor subject(s) receiving immunomodulation
therapy (e.g., for continued responsiveness and/or for development of resistance).
Moreover, those skilled in the art, reading the present disclosure will appreciate that, in
some embodiments, technologies provided by the present disclosure, by permitting
assessment of association with M, IM, and/or MSL features, can reveal presence and/or
development of biological event(s) (e.g., expression and/or mutation of a particular gene or
genes) that recommend particular therapy (e.g., targeting a particular expressed or mutated

gene) be utilized in addition or as an alternative to immunomodulation therapy.

[0204] The present disclosure demonstrates that use of unsupervised cluster analysis
can facilitate identification of distinct biologic phenotypes that may each contribute to
classification in any individual tumor specimen. Without wishing to be bound by any
particular theory, we propose that this strategy may enhance biologic prediction of response
to therapy (e.g., to 10 therapy) in some samples; alternatively or additionally, this approach
may increase sensitivity, for example by allowing some redundancy in detecting the immune
status. For example, as noted above, non-surgical biopsies can be very sparse and stochastic
sampling error risks missing relevant biology (e.g. TILS). The redundancy of measuring
phenotype from multiple compartments may accommodate sampling error and give accurate

results on more sparse specimens.

[0205] For at least these reasons, those skilled in the art will appreciate that features
of algorithm development described herein are likely applicable across cancer types (e.g.,

for solid tumor cancers).

Use
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[0206] Technologies provided herein are useful in the assessment of tumor samples
and/or for the development and/or validation of tumor subtype classifiers and/or predictors

of responsiveness to therapy.
Assessment of Tumor Samples

[0207] For example, with respect to assessment of tumor samples, a tumor sample
of interest (e.g., a sample of a solid tumor such as for example, a skin, breast, lung, head and
neck, gastric, renal, bladder, urothelial, bone, prostate, thyroid, or pancreatic tumor) may

obtained and/or gene expression data from such a sample is obtained for analysis.

[0208] Those skilled in the art are aware of appropriate technologies for obtaining
and preparing tumor samples, and for obtaining gene expression data from such samples.
For example, gene expression assessment technologies include, but are not limited to
microarray analysis, reverse transcription polymerase chain reaction (RT-PCR), Northern
blot, reporter genes, real-time PCR, fluorescent in situ hybridization, hybridization

detection, RNA-sequencing, and serial analysis of gene expression (SAGE).

[0209] In some embodiments, a tumor sample is from a patient prior to initiation of
therapy (i.e., the sample is from a patient who has not received therapy to treat the tumor).
In some embodiments, a tumor sample is from an excised tumor (e.g., a tumor that has been
removed by surgery). In some embodiments, a tumor sample is a tumor biopsy. In some
embodiments, the tumor sample is a liquid (e.g., is or comprises one or more of CNS fluid,
blood, plasma, pleural fluid, serum, sweat, tears, urine, etc.; most typically blood, plasma,

and/or serum.

[0210] In some embodiments, a tumor sample is from a patient who is receiving
therapy (e.g., anti-cancer therapy which, in some embodiments, does not include and/or has

not included ICI therapy and in other embodiments is or comprises ICI therapy).

[0211] In some embodiments, as discussed above, multiple tumor samples may be
obtained from a patient (and/or from a particular tumor in a patient) over time, for example,
to assess effectiveness of therapy and/or to assess continued likely responsiveness to

therapy.

[0212] In some embodiments, one or more therapies(e.g., ICI therapy) are
administered (or continued) for patients determined to have an 10 score indicative of likely

responsiveness as described herein. In some embodiments, one ore more therapies (e.g., ICI
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therapy) are withheld, or additional or alternative therapies are administered for patients
determined to have an 10 score indicative of likely non-responsiveness, or of a decrease in
likely responsiveness over time. In some embodiments, additional or alternative therapies
may comprise therapies associated with one or more genes, gene mutations and/or gene
pathways identified (e.g., as described herein or otherwise) to be associated with a reduced
10 score (e.g., associated with M or MSL classifiers). In some embodiments, IO score is re-
assessed after administration of additional or alternative therapies. In some embodiments,
10 score is monitored over time, for example to determine whether likely responsiveness to

one or more therapies (e.g., ICI therapy) may change.
Algorithm Development and/or Assessment

[0213] As discussed herein, the present specification provides technologies for
algorithm development and/or assessment. Included within such provided technologies are
systems for validating and/or otherwise characterizing tumor subtype classifiers and/or
predictors of responsiveness to therapy, for example by comparison with those described

herein.

[0214] As described herein, the present disclosure documents effective classification
of tumor (e.g., solid tumor, e.g., TNBC tumor) subtypes; provided classification
technologies (e.g., the small gene set model described herein) provide a reference relative to
which alternative embodiments or strategies can be compared; in some embodiments, the

present disclosure thus provides methods that involve such comparison.

[0215] In some embodiments, technologies provided herein are useful for the
determination of patterns of gene expression (e.g., identification of genes whose quantitative
variation in expression may vary in similar ways across large sample sets, also referred to
herein as metagenes). In some embodiments, metagenes may be used as classifiers to
measure sample physiology by identifying physiologically significant subsets of samples
(e.g., acting as diagnostics to support clinical decision making, including treatment
selection). In some embodiments, one or more genes within a metagene group may be used
to measure physiology. In some embodiments, two or more genes within a metagene group
may be used to measure physiology. In some embodiments, three or more genes within a
metagene group may be used to measure physiology. In some embodiments, a selected
number of genes within a metagene group that is representative of the group as a whole may

be used to measure physiology.
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[0216] Analogously, the present disclosure documents effective prediction of likely
tumor responsiveness to therapy; these technologies also provide a reference relative to
which alternative embodiments or strategies can be compared; in some embodiments, the

present disclosure thus provides methods that involve such comparison.

Exemplification
Example 1: Materials and Methods

Data Analysis

[0217] All analyses, unless otherwise stated, were done on RStudio Version 1.2
utilizing R version 3.6 (See, RStudio Team, “Rstudio: Integrated Development for R”, 2019;

see also, R Core Team, R: “A language and environment for statistical computing™, 2020).
Algorithm development

[0218] Elastic net regularized linear net models can be employed to create individual
subclassifying models for BL1, BL2, LAR, MSL, M, and IM subtypes with each
independent subtype treated as a multinomial variable. Genes utilized for the M and IM
subtype classifications within this model can then be used to derive a logistic elastic net
model on the new data set, removing genes whose probes are reassigned between analyses.
Strength of association with classification variables can then be assessed using ten-fold cross
validation of misclassification error. Model threshold for determining immuno-oncology
(I0) score can be determined using maximum area under the curve (AUC). In some
embodiments, model threshold for determining immuno-oncology (I0) score may be
adjusted for particular patients and/or tumor samples. For example, in some embodiments,
model threshold may be increased for patients with tumors that are particularly agressive
(e.g., requiring high level of treatment efficacy within a shortened time period). In some
embodiments, model threshold may be decresased if one or more therapies of interest (e.g.,
ICI therapy) has low toxicity when administered to a subject and/or subject tissue. In some
embodiments, model threshold may be adjusted to account for one or more therapies already
administered and/or currently being administered to a subject. In some embodiments, model
threshold may be adjusted to account for one or more additional therapies (e.g., non-ICI
therapies) already administered and/or currently being administered to a subject. For

example, in some embodiments, model threshold may be adjusted to account for one or
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more additional non-ICI therapies already administered and/or currently being administered

prior to an ICI therapy.

Gene expression dataset processing

[0219] Twenty-five gene expression profile data sets, representing three microarray
platforms, were downloaded from the publicly available Gene Expression Omnibus (GEO,
ncbi.nlm.nih.gov/geo/). Data were combined from raw microarray expression (CEL) files
collectively normalized by robust multiarray average (RMA), and log transformed. Samples
from this data set were pared down to triple negative status using a bimodal distribution of
ESR1, ERBB2, and PGR genes, resulting in 1284 unique TNBC samples. Of these, 994
unique TNBC samples were used to train the model, and the remaining 335 unique TNBC

samples were used for model validation.

[0220] For genes represented by multiple probes, the probe with the highest inter-
quartile range was selected to prioritize genes with a large dynamic range of expression.
Batch correction was performed using an Empirical Bayes method, ComBat (See, Johnson et
al., “Adjusting batch effects in microarray expression data using empirical Bayes methods™,
Biostatistics, 8, 2007, incorporated herein by reference in its entirety). Patient datasets were
previously made publicly available under the ethical policies of the National Institutes of
Health’s Gene Expression Omnibus (GMO) database. No additional ethics review was

required for the in-silico analysis of these datasets.

[0221] Table 12: Source of TNBC specimens for Training and Validation
Dataset TNBC Specimens Dataset TNBC Specimens
GSE1456 44 GSE7904 17
GSE1561 21 GSE10780 5
GSE2034 59 GSE11121 21
GSE2109 55 GSE12093 57
GSE2603 35 GSE12763 5
GSE2990 11 GSE13787 10
GSE3494 27 GSE16716 62
GSE3744 17 GSE25066 178
GSE5327 35 GSE31519 67
GSE5364 36 GSE58812 107
GSE5462 2 GSE76124 198
GSE6596 8 GSE76250 165
GSE7390 42
Model building
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[0222] Model building for the 27-gene immuno-oncology algorithm was performed
using R version 3.5.2 (Figure 6). The 101-gene signature was used to identify gene sets that
distinguished the classes via gene set enrichment analysis (GSEA) using the C2 curated gene
sets of canonical pathways (See, Subramanian et al., “Gene set enrichment analysis: a
knowledge-based approach for interpreting genome-wide expression profiles”, PNAS, 102,
2005, incorporated herein by reference in its entirety). Elastic-net regularized linear models
were employed to create individual subclassifying models for the BL1, BL2, LAR, MSL, M,
and IM subtypes with the subtypes treated as a multinomial variable (See, Friedman et al.,
“Regularization Paths for Generalized Linear Models via Coordinate Descent”, J Stat Sofiw,
33, 2010, incorporated herein by reference in its entirety). The 30 genes utilized for the M
and IM subtype classifications with this model were then used to derive a logistic elastic net
model on the new data set, minus three genes whose probes had been reassigned between
analyses. Strength of association with classification variables was assessed using ten-fold
cross validation of the misclassification error. The model threshold for determining the
immuno-oncology score (I0 score) was determined using the maximum area under the
curve (AUC) (See, Hajian-Tilaki et al., “Receiver Operating Characteristic (ROC) Curve
Analysis for Medical Diagnostic Test Evaluation™, 4, 2013, each of which is incorporated
herein by reference in its entirety), in contrast to the significance of the correlation method

for determining threshold previously described by Ring et al..
GSE81838 dataset analysis of TNBC tumor epithelial and adjacent stromal tissue

[0223] Microarray data was obtained from GSE81838 where laser-capture
microdissection had been performed on 10 TNBC tumors to isolate malignant epithelial cell-
enriched areas and the adjacent stromal cell-containing areas of the tumor sections ( See,
Lehmann ef al. “Refinement of Triple-Negative Breast Cancer Molecular Subtypes:
Implications for Neoadjuvant Chemotherapy Selection ”, 11, June 2016, incorporated herein
by reference). The 10 scores for each sample were obtained and correlated between the

matched tumor epithelial and adjacent stromal tissue using Spearman’s method.
TCGA breast cancer datasets and analysis

[0224] Gene expression profiles from breast cancer specimens collected for The
Cancer Genome Atlas (TCGA) were obtained from the National Cancer Institute Genomic
Data Commons Data Portal. TNBC status was confirmed by bimodal modeling of ESR1,
PGR, and ERBB2 gene expression, resulting in 180 total samples with matching tumor
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infiltrating lymphocytes (TILs) presence and intensity as described in Lehmann et a/ .
Neutrophil presence was obtained by the TCGA study investigators and aligned to the
TNBC samples. The 10 scores of samples with intense TIL staining and samples with

neutrophil presence of 30% or greater was assessed by the Welch t-test for significance.
GEO non-small cell lung cancer (NSCLC) datasets and analysis

[0225] The clinical response to immunomodulation therapy and expression data of
NSCLC patients in the GSE135222 (27 patients) and GSE126044 (16 patients) cohorts was
obtained from GEO. Response was measured in both cohorts using Response Evaluation
Criteria in Solid Tumors (RESCIST) metrics, where patients exhibiting partial response or
stable disease for >6 months were classified as responders (See, Schwartz ef a/., “RECIST
1.1-Update and clarification: From the RECIST committee”, Eur J Cancer, 62, 2016; see
also, Jung et al., “DN A methylation loss promotes immune evasion of tumours with high
mutation and copy number load”, Nat Commun, 10, 2019; see also, Kim et al., “Single-cell
transcriptome analysis reveals TOX as a promoting factor for T cell exhaustion and a
predictor for anti-PD-1 responses in human cancer”, Genome Med, 12, 2020; each of which
is incorporated herein by reference in its entirety). Because response was defined in the
same manner for both cohorts, we were able to combine the data for purposes of the
analysis. Expression data from the combined cohort were processed using the 27-gene
algorithm and analyzed by 10 score. The difference in IO score between responders and
non-responders was evaluated for significance using the Welch t-test. The data from the
combined cohort was then evaluated for the correlation of 10 score to objective response.
The predefined threshold was used to divide patients into IO score positive and negative and

compared to objective response to calculate an odds ratio.
Example 2: Distinguishing quiescent from active tumor microenvironment

[0226] The present Example describes technologies for distinguishing quiescent
from active tumor microenvironments through assessment of certain gene expression
patterns or characteristics. In particular, the present Example describes determination of an
10 score for a particular tumor sample, as reflective of the quiescent or immunologically
active state of the TME. As described herein, without wishing to be bound by any particular
theory, we propose that a negative 10 score may indicate a quiescent state, where the tumor
cells are more actively promoting angiogenesis, inducing an inflammatory response, and

stimulating cancer-associated fibroblasts which collectively is constructing extracellular
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matrix. By comparison, a positive IO score may indicate one or more of: 1) a tumor poised
to transition to an immunologically active TME (e.g. upon administration of an ICI); and 2)
an immunologically active TME with reduced inflammatory characteristics combined with
an increase in the innate and adaptive immune systems increasing tumor cell invasion.
Further, using the 10 score as a continuous variable may be predictive to the intensity and
durability of response and correlate with clinical efficacy (e.g, objective response). Whereas
a biomarker, e.g. an immune checkpoint receptor such as PD-L1, may be present in both
states, the present disclosure describes development of small gene set(s) — such as the 27-

gene algorithm described herein - able to distinguish a quiescent from an active TME.

Example 3: Concordance between 10 Score and IM status

[0227] The present Example confirms that IO scores determined using the 27-gene
immuno-oncology algorithm correlate with IM scoring statuses from a previous 101-gene
model. An independent expression-based centroid model, defined by M and IM features of a
previous 101-gene model, were obtained through elastic net modeling to produce a total of
27 genes. These 27 genes were combined in an independent algorithm to generate 10 scores
corresponding to likelihood of response to immunomodulation therapy. The 27-gene
immuno-oncology algorithm was compared to the previous 101-gene model through
validation of 335 unique TNBC samples, resulting in 88% concordance for IO+/IM+ and

I0-/IM- scores, as shown in Table 13 below.

[0228] Table 13: Concordance between IM status from the 101-gene model and 10
score from the 27-gene immuno-oncology algorithm within the validation cohort of 335

unique TNBC samples.

101-gene
IM+ IM-
10+ 82 37 (11%)
27- (24%)
gene O- 2 (1%) 214
(64%)

Example 4: Correlation of IO Score to tumor epithelial and adjacent stromal tissue in
TNBC
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[0229] The present Example demonstrates that 1O scores determined in accordance
with the present disclosure can serve as a measure of the tumor microenvironment (TME)

spanning tumor and stromal regions.

[0230] 10 Scores were calculated for matched TNBC tumor epithelial and adjacent
stromal tissue samples in the GSE81838 dataset. Due to low sample size (20 samples from
10 patients), 10 scores for matched tumor epithelial and adjacent stromal tissue samples
were calculated using Spearman’s method. Correlation of IO scores between tissue types
was calculated to be 92.7% (p<0.001) when matched to each patient, suggesting that IO

score is a measure of TME spanning at least tumor and stromal regions.
Example 5: 10 Scoring of TNBC samples with TILs or neutrophils

[0231] The present Example demonstrates that IO scores determined in accordance
with the present disclosure can correlate with levels of tumor infiltrating lymphocytes (TILs)
and neutrophils. High levels of TILs may indicate an active immunological state and
improved outcome after immunomodulation therapy, while increased levels of neutrophils
may correspond to a quiescent immunological state and reduced response to
immunomodulation therapy. IO Scores were evaluated for samples obtained from The
Cancer Genome Atlas (TCGA), including triple negative breast cancer (TNBC) samples
with high TILs and samples with increased neutrophil load. A statistically significant
(Figure 2, p=0.0092) difference in IO score was seen between TNBC samples with high
TILs (I0 Score = 0.09) and samples with increased neutrophil load (I0 Score =-0.30),
indicating that a positive IO Score may possess features associated with a positive outcome
after immunomodulation therapy while a negative 10 Score may indicate poor

immunomodulation therapy response.

Example 6: Correlation of 10 Score to immunomodulation therapy response in

NSCLC patients

[0232] The present Example demonstrates that IO scores determined in accordance
with the present disclosure can indicate potential response to immunomodulation therapy.
10 Scores were evaluated for a combined cohort of non-small cell lung cancer (NSCLC)
patients, where response to immunomodulation therapy was defined as exhibiting partial

response or stable disease for at least 6 months. Average 10 score for responders (IO Score
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=0.29) and non-responders (I0 Score = -0.096) was found to be significantly by the Welch
t-test (Figure 3, p=0.0035).

Example 7: Correlation of Mesenchymal Score to focal adhesion kinase (FAK)
inhibitor sensitivity in NSCLC xenografts.

[0233] The present Example demonstrates that using the 27-gene immuno-oncology
algorithm described herein it is possible to predict sensitivity to FAK inhibitor drugs which
may subsequently be used for immunomodulation of the TME. Adenocarcinoma xenograft
model data were attained from GSE109302 and assessed by the 27-gene immuno-oncology
algorithm. Of the 10 NSCLC cell lines, five were resistant and five were sensitive to the
drug BI 853520. The average mesenchymal score for the resistant group was 0.076 and the
sensitive group was 0.358 (p=0.025). Without wishing to be bound by any particular theory,
these data demonstrate it may be possible to identify patients who will benefit from drugs
which act upon the TME to improve immunomodulation (e.g., by pushing a “poised” tumor

into a “hot” state as described herein), either alone or in combination with ICIs.
Example 8A: Exemplary gene sets

[0234] In some embodiments, a gene set for use in accordance with the present

disclosure comprises at least one gene from the following group:

[0235] Group A: CCL5, CD52, CXCL11, CXCL13, DUSPS, GZMB, IDO1, IL23A,
ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10, COL2A1, FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRAL.

[0236] In some embodiments, such a gene set may include all genes from Group A.
Example 8B: Exemplary gene sets

[0237] In some embodiments, a gene set for use in accordance with the present

disclosure includes at least one gene from each of the following groups:

[0238] Group B1: CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1,
IL23A, ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2,
TNFAIP8, TNFSF10;

[0239] Group B2: COL2A1, FOXC1, KRT16, MIA, SFRPI:

[0240] Group B3: APOD, ASPN, HTRAL;
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[0241] In some embodiments, such a gene set may include at least one gene from
each of Group B1 and Group B2, and more than one gene from Group B3. In some
embodiments, such a gene set may include at least one gene from each of Group B2 and
Group B3, and more than one gene from Group B1. In some embodiments, such a gene set
may include at least one gene from each of Group B1 and Group B3, and more than one

gene from Group B2.
Example 8C: Exemplary gene sets

[0242] In some embodiments, a gene set for use in accordance with the present

disclosure includes at least one gene from each of the following groups:

[0243] Group C1: SAMSN1, CD80, CLEC7A, PDCD1LG2, CD274, S100A8,
KYNU, LINC02195, IL9R, DUSPS:

[0244] Group C2: TNFAIPS, TNFSF10;

[0245] Group C3: RARRES3, APOL3, LINC02446, ZNF683, IFNG, FASLG:
[0246] Group C4: CD48, CD52, C160rf54, TESPAL, JAML, GMFG, ARHGAP15,
TMEM273;

[0247] Group C5: CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV28, CD3D,

TRBC2, CCRS, CD8A, CCL5, IL2RB, CXCR6:;

[0248] Group C6: KMO, SNX10, PIK3AP1, SLC7A7, VCAM1, RASSF4, TFEC,
HAVCR2;
[0249] Group C7: APOLG6, IDO1, CXCL9, GBP5, GBP1, GBP4, CXCL11,

CXCL10, LAP3, STAT1, WARS1, SAMHDI,;

[0250] Group C8: ZBP1, OASL, EPSTII, IL15RA, USP30-AS1, BATF2, ETV7,
PSMBI10, RTP4, CARDI16;

[0251] Group C9: GZMB, GZMH, GNLY, CD8B, CTSW, CST7, NKG7, GZMA,
PRF1, CD247, SLA2, PDCD1, CD7, LAG3:

[0252] Group C10: HNRNPA1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS,
CTLA4, TNFRSF9, IL21R;

[0253] Group C11: BIN3A3, BIN3A1, TAP2, NLRC5, HLA-F, PSMBS, PSMB9,
TAP1, HCP5, UBE2L6, PSME2, IRF1:
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[0254] Group C12: C190rf38, IGFLR1, LINC01943, RAB33A, SLC2A6, IFI30,
LILRB3, IL23A, PSME2P2, ITGAE, STAC3:

[0255] Group C13: FOXC1, ADAMTS9-AS2, RGN, KL, ADAMTS9-AS],
WDFY3-AS2, PTHIR, PLEKHH2, WSCD1, CABP1, CEP112, TMEM47, RCAN2,
LIN7A, LEPR, PDGFA, SERTAD4-AS1;

[0256] Group C14: ADHIB, C7, CCL14, SELP, ACKR1, MMRN1, ITM2A, AQP1,
ABI3BP, P2RY12;

[0257] Group C15: MPRIP, KIF13B, FYCO1, SPTLC2, ADGRA3, RBFOX2;
[0258] Group C16: ITGB4, KRT17, KRT16, KRT14, KRTS, DSG3, COL17AL;
[0259] Group C17: TMEM119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN,

PRELP, ELN, MFAP4, SSC5D, PTGDS, CHRDLI;
[0260] Group C18: ITGBL1, ASPN, PDGFRB, HTRA1, HEGI;

[0261] Group C19;: ZCCHC24, SGCD, SRPX, APOD, SHC4, MIA, IL17D,
LRRN4CL, BOC, PDZRN3, SFRP1;

[0262] Group C20: TCF7L1, CACNAIG, SPEG, COL2A1, CRISPLDI1, PIANP,
NACAD, EFNB3, PCYTI1B, RGMA, GLI2, PCDH19.

[0263] In some embodiments, such a gene set may include at least one gene from
each of Group C3, Group C4, Group CS, Group C7, Group C9, Group C10, Group C11,
Group C12, Group C13, Group C14, Group C15, Group C16, Group C17, and Group C20
and more than one gene from Group C1, Group C2, Group C6, Group C8, Group C18, and
Group C19.

Example 8D: Exemplary gene sets

[0264] In some embodiments, a gene set for use in accordance with the present

disclosure includes at least one gene from the following group:

[0265] Group D1: ABCAS, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN,
AZGP1, BLVRB, C7, CCL5, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5AL,
COL5A2, CRAT, CROT, CXCL10, CXCL11, CXCL13, CYP4F8, DBI, DEFB1, DHCR24,
DUSPS, FABP7, FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBPI,
GCHFR, GPR87, GZMB, HGD, HTRAL, IDO1, IGFBP4, IGHM, 1GJ, IL23A, L33,
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INPP4B, ITM2A, JAM2, KCNKS5, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A,
KRT6B, KYNU, LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBL1, NEK2, NTN3, OGN,
PI3, PLEKHBI1, PMAIP1, PSMB9, PTGDS, RARRES3, RTP4, S100A1, S100A7, S100AS,
SCRG1, SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX,
TCF7L1, TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28,
XBP1, ZCCHC24.

[0266] In some embodiments, a gene set for use in accordance with the present
disclosure includes fewer than all of the genes in Group D1; in some such embodiments, a
gene set for use in accordance with the present disclosure includes fewer than or equal to
100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 29, 28, 27 or fewer genes from
Group D1.

[0267] In some embodiments, a gene set according to any one of Examples 8A-C

includes one or more genes from Group D1.
Example 9: 10 Scoring of Bladder Cancer samples

[0268] The present Example confirms that IO scores determined in accordance with
the present disclosure can indicate potential response to immunomodulation therapy for

various tumor types, including e.g., bladder cancer.

[0269] Gene expression data for 1188 breast cancer samples were downloaded and
compared against an established molecular classifier (Ring ef al. 2016), which selected the
top 3000 genes correlated with IM, MSL, and M signatures for TNBC. The 3000 gene set
was generated through assessment of the Ring ef al. IM, MSL, M signatures (previously
identified in TNBC) for two additional tumor types (lung adenocarcinoma and lung
squamous cell carcinoma). The gene lists from all three gene expression datasets were
compared and 939 genes were selected as being classifiers for IM, MSL, M based on their
presence in all three gene lists. Gene expression data for 406 bladder cancer patients were
downloaded and assessed using the 27-gene immuno-oncology algorithm described herein.
Expression of these 939 genes were then plotted in a heatmap, clustered by signature type
and patient group (Figure 8). The 27-gene immuno-oncology algorithm IO binary score was
overlaid on the heatmap, displaying an association with an IM, immunologically “hot”

classification (Figure 9, Figure 10). These data confirm that a positive score result from the
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27-gene immuno-oncology algorithm does associate with genes known to have a high,

potentially active, immune function.

[0270] Furthermore, hierarchical gene clustering confirms that variations of the
particular 27-gene set (e.g., including one or more changes represented in exemplary gene
sets provided herein) are useful as described herein, including specifically in assessments of

bladder cancer.

[0271] Hierarchical clustering of the resulting gene expression data (See, Ward,
1963, which is incorporated herein by reference in its entirety) was used to identify genes
that clustered together, or metagenes, within these heatmaps. In particular, metagenes
containing one or more of the 27 genes assessed as part of the immuno-oncology algorithm
were evaluated. Within this subset of thirteen metagenes, a total of 198 genes were
identified that could potentially be selected as alternative genes for use in the 27-gene
immuno-oncology algorithm. Additionally, gene set enrichment analysis (See, Subramanian
2005, incorporated herein by reference in its entirety) of metagenes identified certain
associated cellular pathways that might be of interest for assessment of tumor samples
(Figure 10). In some embodiments, these pathways may be associated with one or more
genes from the 27 gene set associated with the 27-gene immuno-oncology algorithm
disclosed herein (e.g., one or more of the 27 genes or their gene products may participate in
the pathways). Altematively or additionally, in some embodiments, these pathways may be
associated with a specific IO score (e.g., a positive or negative score). Thus, teachings
provided herein may permit selection of alternative gene sets to the 27 gene set explicitly
described herein, for example including a reasonably comparable number of genes (e.g.,
about 10 to about 20, about 20 to about 30, about 30 to about 40, about 40 to about 50, etc.),
that achieve useful tumor classification (e.g., define an 1O score that discriminates) as
described herein. In some embodiments, such sets may include one or more of the 27 genes
of the exemplified 27 gene set, optionally in combination with one or more genes that
participate in these pathways, which may be the same as or different from other genes in the

exemplified 27 gene set.

[0272] Among other things, experiments confirmed that the 27-gene immuno-
oncology algorithm scoring threshold, which is used as a cutoff for designating a tumor
score as “positive” or “negative”, was sufficiently accurate for use in other tumor types, e.g.,

bladder cancer (Figure 11). A new threshold was calculated based upon the intersection of
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sensitivity and specificity within bladder patient data (Habibzadeh 2016, incorporated herein
by reference in its entirety) and found to have identical accuracy as compared to a
previously established threshold. Therefore the original threshold was maintained for IO
scoring. Thus, the present disclosure confirms, among other things, that the 27 gene set
defines useful 10 thresholds in a variety of cancers and, furthermore that such thresholds
provide comparable accuracy, and/or are otherwise reasonably comparable (e.g., are within a
range of about 0.1 +/- 0.02).

[0273] The 27-gene immuno-oncology algorithm of the present disclosure was also
applied to data for a clinical cohort of bladder cancer patients treated with an immune
checkpoint inhibitor (atezolizumab) in the IMVigor210 trial. Among other things, it was
determined that the 27-gene immuno-oncology algorithm was able to provide a prediction of

overall survival rates within the trial, based upon corresponding IO scores (Figure 12).
Example 10: 10 Scoring of Renal Cancer samples

[0274] The present Example confirms that IO scores determined in accordance with
the present disclosure can indicate potential response to immunomodulation therapy for

various tumor types, including, e.g., renal cancer.

[0275] Gene expression data for 403 clear cell kidney cancer and 203 papilloma
kidney cancer patients were assessed using the 27-gene immuno-oncology algorithm
described herein. Result IO scores were plotted against the 939 genes described in Example
9 above to produce heatmaps, which were clustered by signature type (IM, M, MSL) and
patient group. These data confirm that a positive score result from the 27-gene immuno-
oncology algorithm does associate with genes known to have a high, potentially active,

immune function in certain kidney cancers.

[0276] Further experiments analyzed RNAseq data from a group of 43 renal cell
carcinoma (RCC) patients that had been treated with an immuno-oncology therapy and
monitored for one-year progression free survival (PFS). Patient data was assessed using the
27-gene immuno-oncology algorithm and it was found that patients with a positive IO score
had significantly better one-year PFS compared to those with a negative 10 score. These
results confirm that the 27-gene immuno-oncology algorithm of the present disclosure has a
strong correlation with response to ICI therapy in renal cancer and further support

applicability of the algorithm in multiple cancer types.
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Example 11: Assessment of data from alternative biological vectors

[0277] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with data from alternative biological vectors (e.g., data re
miRNA expression, methylation status, protein expression level, protein modification status,
etc.) so that, in various embodiments, one or more different types of biological data may be
utilized for and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.

[0278] For example, as described herein, for a given set of patient samples for which
gene expression data is obtained and IM, MSL and M centroids are assessed as described
herein, matched data sets are collected along one or more alternative biological vector(s).
These matched data sets can then be mapped to the gene expression centroids, which act as a
reference to reveal components indicative or reflective of IM, MSL, and M features. In
some embodiments, information obtained from matched data sets can be used to inform
selection of one or more therapies (e.g., ICI therapy). In some embodiments, information
obtained from matched data sets can be used to inform selection of combination therapies
(e.g., additional therapy in combination with ICI therapy). In some embodiments,
information obtained from matched data sets can be used to inform selection of one or more
alternative therapies (e.g., a therapy other than ICI therapy). Thus, the present disclosure
demonstrates that miRN A expression, rather than or in addition to, gene expression patterns
of selected gene sets as described here, can be utilized to select and/or monitor patients for
responsiveness to therapies and/or for particular characteristics of or changes in immune

status.
Example 12: Assessment of data from miRNA targeting exemplary gene sets

[0279] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with pre-miRNA expression data and may be utilized for
and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.

[0280] A list of pre-miRNAs targeting at least one gene within the 101-gene
signature was generated using a miRNA target prediction database, miRDB
(http://mirdb.org/). These pre-miRNAs were then independently mapped to the IM, M, and
MSL centroids (e.g., a pre-miRNA mapping to the IM centroid would be classified as
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having an IM signature). Classified pre-miRNAs were then assessed to determine, for
example, whether an pre-miRNA was classified under a different signature than one or more

of its corresponding target genes.

[0281] In some embodiments, a tumor sample (e.g., obtained through liquid biopsy,
tissue biopsy, etc.) may be assessed to determine expression level of one or more classified
pre-miRNAs as described herein. In some embodiments, treatments targeting or inhibiting
miRNAs (e.g., pre-miRNAs, mature miRNAs, combinations thereof) classified under a
different subtype as compared to one or more target genes could produce a shift in mRNA
levels for said one or more target genes, resulting in changes in tumor signatures and/or 10
scoring. For example, in some embodiments, treatment targeting or inhibiting miRNA (e.g.,
pre-miRNA, mature miRNA, combinations thereof) classified as one subtype (e.g., M,
MSL) targeting a gene classified as a different subtype (e.g., IM) could produce an increase
in overall IM signature for a tumor and result in an increased 10O score. In some
embodiments, treatment targeting or inhibiting miRNA (e.g., pre-miRNA, mature miRNA,
combinations thereof) classified as one subtype(e.g., IM) targeting a gene classified as a
different subtype (e.g., M, MSL) could produce an increase in overall M or MSL signature
for a tumor and result in a decreased 10 score. In some embodiments, information obtained
from miRNA (e.g., pre-miRNA, mature miRNA, combinations thereof) assessment can be
used to inform treatment decisions — e.g., selection and/or modification of therapy. In some
particular embodiments, information obtained from miRNA (e.g., pre-miRNA, mature
miRNA, combinations thereof) assessment can be used to inform selection and/or
modification of combination therapies (e.g., additional therapy in combination with ICI
therapy). In some embodiments, information obtained from matched data sets can be used
to inform selection and/or modification of therapies, and in particular of combination
therapies (e.g., additional therapy in combination with ICI therapy) based upon changes in
IO scoring. In some embodiments, treatment targeting or inhibiting miRNA (e.g., pre-
miRNA, mature miRNA, combinations thereof) could be combined with one or more

therapies (e.g., chemotherapy, ICI, etc.) based upon changes in 10 scoring.
Example 13: Development of scoring method based upon miRNA expression

[0282] The present Example, among other things, demonstrates that methods and

technologies described herein may be adapted for development of a immuno-oncology
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algorithm to measure miRNA levels in the TME and generate an associated score predicting

or otherwise characterizing response to immunomodulation therapy treatment.

[0283] Gene and pre-miRNA expression datasets for eight cancers were downloaded
from the genomic data commons (GDC) portal (https://portal.gdc.cancer.gov/) using the
Genomic Data Commons package in R. Assessed cancers included Bladder Urothelial
Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Colon Adenocarcinoma (COAD),
Lung Adenocarcinoma (LUAD), Lung squamous cell carcinoma (LUSC), Ovarian serous
cystadenocarcinoma (OV), Stomach adenocarcinoma (STAD) and Head and Neck
squamous cell carcinoma (HNSC). Subtype (IM, M, MSL) was calculated as previously
described for each sample in the datasets. STAD (n=407) and HNSC (n=545) were
categorized as true test sets and OV (n=397) was used as a validation cohort. Remaining
cancer datasets (BLCA, BRCA, COAD, LUAD and LUSC) were then split, with 5% of each
dataset reserved to create a small validation set (n=137) and 95% concatenated to create the

training set (n=2557).

[0284] With the training set established, calculations were performed to generate the
spearman rho correlation coefficient between expression of pre-miRNA across all samples
and subtype (IM, M, MSL), yielding three spearman rho values. Spearman rho values with
a p value of <.05 were removed from the set. Three lists of pre-miRNAs were generated
containing 75 pre-miRNAs with the highest spearman rho values in a corresponding subtype
(e.g., 75 pre-miRNAs for each of IM, M, and MSL). A total of 179 unique pre-miRNAs
(Table 14) were obtained from this assessment, with 46 miRNAs overlapping between lists

for M and MSL. Intersection of all three phenotypes was considered an empty set.

[0285] Table 14: Selected pre-miRN As with highest spearman rho coefficient in IM,
M, and MSL types.
miRNA
hsa-mir-6720 hsa-mir-5586 hsa-mir-101-1
hsa-let-7g hsa-mir-30a hsa-mir-655
hsa-mir-4491 hsa-mir-616 hsa-mir-483
hsa-mir-146b hsa-mir-222 hsa-mir-100
hsa-mir-3682 hsa-mir-18a hsa-mir-19a
hsa-mir-223 hsa-mir-495 hsa-mir-488
hsa-mir-490 hsa-mir-29b-2 hsa-mir-146a
hsa-mir-7-3 hsa-mir-27b hsa-mir-378c
hsa-mir-148a hsa-mir-942 hsa-mir-16-2
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hsa-mir-3926-2 hsa-let-7a-1 hsa-mir-181c
hsa-mir-502 hsa-mir-4453 hsa-mir-4780
hsa-mir-202 hsa-mir-576 hsa-mir-4740
hsa-mir-6507 hsa-mir-1296 hsa-mir-7-2
hsa-mir-485 hsa-mir-30e hsa-mir-5694
hsa-mir-29¢ hsa-mir-199a-2 hsa-mir-497
hsa-mir-4772 hsa-mir-6891 hsa-mir-1301
hsa-mir-32 hsa-mir-505 hsa-mir-433
hsa-mir-625 hsa-mir-579 hsa-mir-139
hsa-mir-590 hsa-mir-7702 hsa-mir-3677
hsa-mir-494 hsa-mir-3194 hsa-mir-379
hsa-let-7¢ hsa-mir-5002 hsa-mir-3150b
hsa-mir-10a hsa-mir-577 hsa-mir-101-2
hsa-mir-127 hsa-mir-1247 hsa-mir-432
hsa-mir-147b hsa-mir-125b-1 hsa-mir-186
hsa-mir-143 hsa-mir-381 hsa-mir-501
hsa-mir-3940 hsa-let-7a-3 hsa-mir-218-1
hsa-mir-409 hsa-mir-3136 hsa-mir-4524a
hsa-mir-4736 hsa-mir-376¢ hsa-mir-766
hsa-mir-496 hsa-mir-133b hsa-mir-301a
hsa-mir-340 hsa-mir-3926-1 hsa-mir-493
hsa-mir-382 hsa-mir-643 hsa-let-7b
hsa-mir-585 hsa-mir-150 hsa-mir-3922
hsa-mir-299 hsa-mir-133a-1 hsa-mir-5571
hsa-mir-181d hsa-mir-7-1 hsa-mir-3074
hsa-mir-377 hsa-mir-511 hsa-mir-6788
hsa-mir-380 hsa-mir-214 hsa-mir-129-2
hsa-mir-218-2 hsa-mir-758 hsa-mir-129-1
hsa-mir-376a-1 hsa-mir-199a-1 hsa-mir-3690-1
hsa-mir-1258 hsa-mir-28 hsa-mir-7846
hsa-mir-454 hsa-mir-431 hsa-let-7a-2
hsa-mir-1-1 hsa-mir-337 hsa-mir-665
hsa-mir-889 hsa-mir-5690 hsa-mir-140
hsa-mir-195 hsa-mir-142 hsa-mir-29b-1
hsa-mir-216a hsa-mir-370 hsa-mir-15b
hsa-mir-16-1 hsa-mir-204 hsa-mir-383
hsa-mir-5683 hsa-mir-5685 hsa-mir-145
hsa-mir-369 hsa-mir-329-1 hsa-mir-541
hsa-mir-192 hsa-mir-4434 hsa-mir-342
hsa-let-7e hsa-mir-155 hsa-let-7i
hsa-mir-548s hsa-mir-10b hsa-mir-487a
hsa-mir-3613 hsa-mir-411 hsa-mir-4999
hsa-mir-605 hsa-mir-3622a hsa-mir-133a-2
hsa-mir-135a-2 hsa-mir-3614 hsa-mir-23b
hsa-mir-199b hsa-mir-5691 hsa-mir-410
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hsa-mir-148b hsa-mir-487b hsa-mir-6718
hsa-mir-6510 hsa-mir-29a hsa-mir-217
hsa-mir-656 hsa-mir-628 hsa-mir-99a
hsa-mir-134 hsa-mir-1-2 hsa-mir-654
hsa-mir-4677 hsa-mir-215 hsa-mir-6716
hsa-mir-125b-2 hsa-mir-330

[0286]

Interquartile range (IQR) for expression was assessed for each of these 179

pre-miRNAs to determine which pre-miRNAs had a robust range of expression values. Pre-

miRNAs with an IQR greater than 1 were selected for additional analysis, resulting in130

unique pre-miRNAs total, which are outlined in Table 15.

[0287]

Next, selected pre-miRNAs were evaluated for presence of corresponding

mature miRNA in real-world plasma samples. Data from GSE73002 of the NCBI gene

expression omnibus (https://www.ncbi.nlm.nih.gov/geo/) were downloaded and this dataset

(containing serum miRNA expression levels for breast cancer detection) was assessed for

presence of selected mature miRNAs. A total of 119 unique pre-miRNAs were identified in

the dataset.
[0288] Table 15: Selected pre-miRNAs with IQR>1.
miRNA

hsa-mir-6720 hsa-mir-5586 hsa-mir-146a
hsa-mir-146b hsa-mir-30a hsa-mir-378c
hsa-mir-223 hsa-mir-616 hsa-mir-16-2
hsa-mir-7-3 hsa-mir-222 hsa-mir-181c
hsa-mir-148a hsa-mir-18a hsa-mir-7-2
hsa-mir-502 hsa-mir-495 hsa-mir-497
hsa-mir-485 hsa-mir-29b-2 hsa-mir-1301
hsa-mir-29¢ hsa-mir-27b hsa-mir-139
hsa-mir-4772 hsa-mir-942 hsa-mir-3677
hsa-mir-32 hsa-mir-576 hsa-mir-379
hsa-mir-625 hsa-mir-1296 hsa-mir-3150b
hsa-mir-590 hsa-mir-199a-2 hsa-mir-101-2
hsa-mir-494 hsa-mir-505 hsa-mir-432
hsa-let-7¢ hsa-mir-7702 hsa-mir-501
hsa-mir-10a hsa-mir-577 hsa-mir-218-1
hsa-mir-127 hsa-mir-1247 hsa-mir-766
hsa-mir-147b hsa-mir-125b-1 hsa-mir-301a
hsa-mir-143 hsa-mir-381 hsa-mir-493
hsa-mir-3940 hsa-mir-376c¢ hsa-let-7b
hsa-mir-409 hsa-mir-133b hsa-mir-3074
hsa-mir-496 hsa-mir-150 hsa-mir-129-2
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hsa-mir-340 hsa-mir-133a-1 hsa-mir-129-1
hsa-mir-382 hsa-mir-7-1 hsa-mir-3690-1
hsa-mir-299 hsa-mir-511 hsa-mir-140
hsa-mir-181d hsa-mir-214 hsa-mir-29b-1
hsa-mir-377 hsa-mir-758 hsa-mir-15b
hsa-mir-380 hsa-mir-199a-1 hsa-mir-145
hsa-mir-218-2 hsa-mir-431 hsa-mir-342
hsa-mir-1258 hsa-mir-337 hsa-mir-4999
hsa-mir-454 hsa-mir-142 hsa-mir-133a-2
hsa-mir-1-1 hsa-mir-370 hsa-mir-23b
hsa-mir-889 hsa-mir-204 hsa-mir-410
hsa-mir-195 hsa-mir-155 hsa-mir-6718
hsa-mir-16-1 hsa-mir-10b hsa-mir-217
hsa-mir-5683 hsa-mir-411 hsa-mir-99a
hsa-mir-369 hsa-mir-3614 hsa-mir-654
hsa-mir-192 hsa-mir-487b

hsa-let-7e hsa-mir-29a

hsa-mir-3613 hsa-mir-628

hsa-mir-135a-2 hsa-mir-1-2

hsa-mir-199b hsa-mir-215

hsa-mir-148b hsa-mir-330

hsa-mir-6510 hsa-mir-101-1

hsa-mir-656 hsa-mir-655

hsa-mir-134 hsa-mir-483

hsa-mir-4677 hsa-mir-100

hsa-mir-125b-2 hsa-mir-19a

Next, pre-miRNA interactions with potential target genes were mapped

through use of miRDB (http://mirdb.org/), a miRNA target prediction database. A total of

113 pre-miRNAs were identified as potentially having at least one gene target in the 101-

gene signature listing (Table 16) and 73 pre-miRNAs were identified as potentially having at

least one gene target in the DetermalO gene set (Table 17). These pre-miRNAs were also

assigned a probability of interaction with each gene. Further analysis produced a list of pre-

miRNAs with a target in either the 101 gene signature (Table 18) or the DetermalO gene set

Table 19) having a probability of at least 70%.
( ) gap ty

[0290] Table 16: pre-miRNAs with predicted target in 101 gene signature list.
pre-miRNA
hsa-mir-379 hsa-mir-18a hsa-mir-140
hsa-let-7¢ hsa-mir-15b hsa-mir-340
hsa-mir-889 hsa-mir-628 hsa-mir-576
hsa-mir-493 hsa-mir-7702 hsa-mir-501
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hsa-mir-758 hsa-mir-625 hsa-mir-377
hsa-let-7¢ hsa-mir-218-2 | hsa-mir-299
hsa-mir-29b-2 | hsa-mir-3940 hsa-mir-27b
hsa-mir-4999 | hsa-mir-139 hsa-mir-16-1

hsa-mir-766 hsa-mir-410 hsa-mir-616
hsa-mir-155 hsa-mir-148a hsa-mir-655
hsa-mir-942 hsa-mir-378¢c hsa-mir-497
hsa-mir-5683 | hsa-mir-129-1 | hsa-mir-494
hsa-mir-29a hsa-mir-3613 hsa-mir-495
hsa-mir-431 hsa-mir-150 hsa-mir-142
hsa-mir-656 hsa-mir-125b-2 | hsa-mir-1301

hsa-mir-3614 hsa-mir-370 hsa-mir-6510

hsa-mir-4677 | hsa-mir-10b hsa-mir-204
hsa-mir-143 hsa-mir-145 hsa-mir-369
hsa-mir-337 hsa-mir-502 hsa-mir-3677
hsa-mir-3074 | hsa-mir-133b hsa-mir-496
hsa-mir-100 hsa-mir-4772 hsa-mir-218-1
hsa-mir-214 hsa-mir-195 hsa-mir-222

hsa-mir-215 hsa-mir-199b hsa-mir-5586
hsa-mir-181d | hsa-mir-483 hsa-mir-382
hsa-mir-134 hsa-mir-454 hsa-mir-148b
hsa-mir-511 hsa-mir-147b hsa-mir-192
hsa-mir-146a | hsa-mir-381 hsa-mir-577
hsa-mir-217 hsa-mir-485 hsa-mir-127

hsa-mir-181c | hsa-mir-146b hsa-mir-19a
hsa-mir-3150b | hsa-mir-29¢ hsa-mir-10a
hsa-mir-411 hsa-mir-7-1 hsa-mir-342
hsa-mir-16-2 hsa-mir-301a hsa-mir-590
hsa-mir-654 hsa-mir-129-2 [ hsa-mir-432
hsa-mir-380 hsa-mir-1296 hsa-mir-32
hsa-mir-409 hsa-let-7b hsa-mir-223
hsa-mir-30a hsa-mir-505 hsa-mir-330
hsa-mir-23b hsa-mir-487b hsa-mir-6720

[0291] Table 17: pre-miRNAs with predicted target in DetermalO gene list.
miRNA Gene Accession Probability Gene
Number of Name
Targeting
hsa-mir-146b NM_001278736 81.6941 CCL5
hsa-mir-223 NM_004863 81.1901 SPTLC2
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hsa-mir-148a NM_001844 73.4678 COL2A1
hsa-mir-485 NM_001171581 83.1959 ITM2A
hsa-mir-29c NM_001844 97.45356 COL2A1
hsa-mir-4772 NM_002775 78.3221 HTRA1
hsa-mir-4772 NM_004863 56.5861 SPTLC2
hsa-mir-32 NM_001453 56.3943 FOXC1
hsa-mir-32 NM_004863 58.89778 SPTLC2
hsa-mir-32 NM_003012 54.10264 SFRP1
hsa-mir-32 NM_004419 91.93814 DUSP5
hsa-mir-32 NM_001193335 84.3651 ASPN
hsa-mir-625 NM_003012 50.5249 SFRP1
hsa-mir-590 NM_004863 58.70663 SPTLC2
hsa-mir-590 NM_001302123 58.31867 CXCL11
hsa-mir-494 NM_001190943 65.46408 TNFSF10
hsa-let-7c NM_001171581 89.4822 ITM2A
hsa-mir-496 NM_001171581 53.6328 ITM2A
hsa-mir-340 NM_001190943 56.8947 TNFSF10
hsa-mir-299 NM_001077654 93.57209 TNFAIP8
hsa-mir-181d NM_004419 70.5801 DUSP5
hsa-mir-181d NM_001193335 73.0576 ASPN
hsa-mir-181d NM_001190943 51.8133 TNFSF10
hsa-mir-181d NM_001193335 85.7785 ASPN
hsa-mir-380 NM_001453 84.3932 FOXC1
hsa-mir-889 NM_001844 95.91891 COL2A1
hsa-mir-16-1 NM_004419 74.7026 DUSP5
hsa-mir-16-1 NM_003012 72.3666 SFRP1
hsa-mir-5683 NM_002164 58.29101 IDO1
hsa-mir-369 NM_001193335 51.33138 ASPN
hsa-mir-192 NM_003012 54.4194 SFRP1
hsa-mir-192 NM_001193335 77.7057 ASPN
hsa-mir-3613 NM_004419 87.96533 DUSP5
hsa-mir-3613 NM_001171581 68.55283 ITM2A
hsa-mir-3613 NM_001171581 81.5659 ITM2A
hsa-mir-199b NM_001302123 58.422 CXCL11
hsa-mir-199b NM_004419 55.1577 DUSP5
hsa-mir-199b NM_004863 50.36683 SPTLC2
hsa-mir-148b NM_001844 73.4678 COL2A1
hsa-mir-6510 NM_001190943 72.2871 TNFSF10
hsa-mir-134 NM_001844 77.4781 COL2A1
hsa-mir-4677 NM_004863 88.3559 SPTLC2
hsa-mir-4677 NM_003012 73.45515 SFRP1
hsa-mir-4677 NM_003012 58.41983 SFRP1
hsa-mir-4677 NM_001844 64.4672 COL2A1
hsa-mir-125b-2 NM_004863 81.1744 SPTLC2
hsa-mir-5586 NM_001844 86.4851 COL2A1
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hsa-mir-616 NM_001193335 83.66219 ASPN
hsa-mir-222 NM_001302123 54.7001 CXCL11
hsa-mir-18a NM_001077654 78.6758 TNFAIP8
hsa-mir-18a NM_001844 51.9634 COL2A1
hsa-mir-495 NM_001453 65.72426 FOXC1
hsa-mir-495 NM_002775 67.9268 HTRA1
hsa-mir-495 NM_001171581 96.44696 ITM2A
hsa-mir-29b-2 NM_001077654 68.4902 TNFAIP8
hsa-mir-27b NM_004419 73.7791 DUSP5
hsa-mir-27b NM_004863 82.47013 SPTLC2
hsa-mir-27b NM_003012 93.27801 SFRP1
hsa-mir-942 NM_003012 68.1522 SFRP1
hsa-mir-942 NM_004863 79.63713 SPTLC2
hsa-mir-576 NM_003012 76.7581 SFRP1
hsa-mir-376¢ NM_001077654 65.51542 TNFAIP8
hsa-mir-133b NM_001302123 50 CXCL11
hsa-mir-133b NM_004419 76.9457 DUSP5
hsa-mir-133b NM_001453 79.5863 FOXC1
hsa-mir-150 NM_004863 55.13409 SPTLC2
hsa-mir-7-1 NM_003012 64.3331 SFRP1
hsa-mir-511 NM_001647 83.1836 APOD
hsa-mir-511 NM_004863 84.70739 SPTLC2
hsa-mir-511 NM_001077654 64.9614 TNFAIP8
hsa-mir-511 NM_002775 62.2474 HTRA1
hsa-mir-214 NM_001190943 51.6121 TNFSF10
hsa-mir-758 NM_001278736 64.9068 CCL5
hsa-mir-758 NM_001190943 64.0171 TNFSF10
hsa-mir-758 NM_004863 55.0982 SPTLC2
hsa-mir-142 NM_004863 51.4403 SPTLC2
hsa-mir-204 NM_001453 97.1037 FOXC1
hsa-mir-204 NM_016584 62.8694 IL23A
hsa-mir-155 NM_001077654 64.1595 TNFAIP8
hsa-mir-155 NM_002164 82.2192 IDO1
hsa-mir-10b NM_003012 73.7255 SFRP1
hsa-mir-3614 NM_001077654 87.36709 TNFAIP8
hsa-mir-487b NM_001302123 89.14869 CXCL11
hsa-mir-29a NM_001193335 56.2208 ASPN
hsa-mir-29a NM_001844 97.45356 COL2A1
hsa-mir-628 NM_002775 62.15602 HTRA1
hsa-mir-215 NM_001077654 61.3624 TNFAIP8
hsa-mir-215 NM_004863 51.96964 SPTLC2
hsa-mir-330 NM_001453 55.4929 FOXC1
hsa-mir-330 NM_003012 70.2497 SFRP1
hsa-mir-655 NM_001453 81.2044 FOXC1
hsa-mir-655 NM_003012 51.4532 SFRP1
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hsa-mir-19a NM_002775 76.157 HTRA1
hsa-mir-19a NM_003012 61.70509 SFRP1
hsa-mir-146a NM_001278736 81.6941 CCL5
hsa-mir-146a NM_001453 99.13475 FOXC1
hsa-mir-146a NM_004863 59.43829 SPTLC2
hsa-mir-181c NM_004419 70.5801 DUSP5
hsa-mir-181c NM_001193335 73.0576 ASPN
hsa-mir-181c NM_001190943 51.8133 TNFSF10
hsa-mir-7-2 NM_003012 64.3331 SFRP1
hsa-mir-1301 NM_001647 53.771 APOD
hsa-mir-379 NM_001302123 83.8024 CXCL11
hsa-mir-432 NM_001190943 53.58751 TNFSF10
hsa-mir-501 NM_001453 80.2884 FOXC1
hsa-mir-218-1 NM_004863 67.60088 SPTLC2
hsa-mir-301a NM_001453 7243312 FOXC1
hsa-mir-301a NM_001171581 70.7526 ITM2A
hsa-mir-493 NM_001077654 80.6789 TNFAIP8
hsa-mir-3074 NM_001453 65.20962 FOXC1
hsa-mir-3074 NM_001844 52.13298 COL2A1
hsa-mir-140 NM_001302123 86.3204 CXCL11
hsa-mir-140 NM_001171581 54.9455 ITM2A
hsa-mir-145 NM_002775 81.3835 HTRA1
hsa-mir-145 NM_004863 67.75261 SPTLC2
hsa-mir-23b NM_004863 58.86111 SPTLC2
hsa-mir-23b NM_001453 88.2522 FOXC1
hsa-mir-23b NM_004419 78.7952 DUSP5
hsa-mir-23b NM_001193335 61.9589 ASPN
hsa-mir-410 NM_001190943 65.46408 TNFSF10
hsa-mir-217 NM_001077654 94.65965 TNFAIP8
hsa-mir-217 NM_004863 66.77802 SPTLC2
hsa-mir-217 NM_002775 50.98073 HTRA1
hsa-mir-217 NM_001171581 53.7001 ITM2A
hsa-mir-654 NM_001077654 58.5766 TNFAIP8

at least 70% probability.

Table 18: pre-miRNAs with predicted target in 101 gene signature list having

pre-miRNA
hsa-mir-379 hsa-mir-18a hsa-mir-501
hsa-let-7c hsa-mir-15b hsa-mir-377
hsa-mir-889 hsa-mir-625 hsa-mir-299
hsa-mir-493 hsa-mir-218-2 | hsa-mir-27b
hsa-mir-758 hsa-mir-3940 hsa-mir-16-1
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hsa-let-7e hsa-mir-148a hsa-mir-616
hsa-mir-29b-2 | hsa-mir-3613 hsa-mir-655
hsa-mir-4999 | hsa-mir-125b-2 | hsa-mir-497
hsa-mir-766 hsa-mir-370 hsa-mir-494
hsa-mir-155 hsa-mir-10b hsa-mir-495
hsa-mir-942 hsa-mir-145 hsa-mir-1301
hsa-mir-29a hsa-mir-502 hsa-mir-6510
hsa-mir-431 hsa-mir-133b hsa-mir-204
hsa-mir-656 hsa-mir-4772 hsa-mir-3677
hsa-mir-3614 | hsa-mir-195 hsa-mir-496
hsa-mir-4677 [ hsa-mir-199b hsa-mir-218-1
hsa-mir-143 hsa-mir-483 hsa-mir-222
hsa-mir-3074 | hsa-mir-454 hsa-mir-5586
hsa-mir-214 hsa-mir-147b hsa-mir-382
hsa-mir-215 hsa-mir-381 hsa-mir-148b
hsa-mir-181d | hsa-mir-485 hsa-mir-192
hsa-mir-134 hsa-mir-146b hsa-mir-577
hsa-mir-511 hsa-mir-29¢ hsa-mir-127
hsa-mir-146a | hsa-mir-7-1 hsa-mir-19a
hsa-mir-217 hsa-mir-301a hsa-mir-590
hsa-mir-181c | hsa-let-7b hsa-mir-432
hsa-mir-411 hsa-mir-140 hsa-mir-32
hsa-mir-16-2 [ hsa-mir-487b hsa-mir-223
hsa-mir-380 hsa-mir-505 hsa-mir-330
hsa-mir-30a hsa-mir-340 hsa-mir-6720
hsa-mir-23b hsa-mir-576 hsa-mir-7-2
hsa-mir-376¢

[0293] Table 19: pre-miRNAs with predicted target in DetermalO gene list having at
least 70% probability.
miRNA Gene Accession Number | Probability of Gene Name
Targeting
hsa-mir-146b NM_001278736 81.6941 CCL5
hsa-mir-223 NM_004863 81.1901 SPTLC2
hsa-mir-148a NM_001844 73.4678 COL2A1
hsa-mir-485 NM_001171581 83.1959 ITM2A
hsa-mir-29¢ NM_001844 97.45356 COL2A1
hsa-mir-4772 NM_002775 78.3221 HTRA1
hsa-mir-32 NM_004419 91.93814 DUSP5
hsa-mir-32 NM_001193335 84.3651 ASPN
hsa-let-7¢ NM_001171581 89.4822 ITM2A
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hsa-mir-299 NM_001077654 93.57209 TNFAIP8
hsa-mir-181d NM_004419 70.5801 DUSP5
hsa-mir-181d NM_001193335 73.0576 ASPN
hsa-mir-181d NM_001193335 85.7785 ASPN
hsa-mir-380 NM_001453 84.3932 FOXC1
hsa-mir-889 NM_001844 95.91891 COL2A1
hsa-mir-16-1 NM_004419 74.7026 DUSP5
hsa-mir-16-1 NM_003012 72.3666 SFRP1
hsa-mir-192 NM_001193335 77.7057 ASPN
hsa-mir-3613 NM_004419 87.96533 DUSP5
hsa-mir-3613 NM_001171581 81.5659 ITM2A
hsa-mir-148b NM_001844 73.4678 COL2A1
hsa-mir-6510 NM_001190943 72.2871 TNFSF10
hsa-mir-134 NM_001844 77.4781 COL2A1
hsa-mir-4677 NM_004863 88.3559 SPTLC2
hsa-mir-4677 NM_003012 73.45515 SFRP1
hsa-mir-125b-2 NM_004863 81.1744 SPTLC2
hsa-mir-5586 NM_001844 86.4851 COL2A1
hsa-mir-616 NM_001193335 83.66219 ASPN
hsa-mir-18a NM_001077654 78.6758 TNFAIP8
hsa-mir-495 NM_001171581 96.44696 ITM2A
hsa-mir-27b NM_004419 73.7791 DUSP5
hsa-mir-27b NM_004863 82.47013 SPTLC2
hsa-mir-27b NM_003012 93.27801 SFRP1
hsa-mir-942 NM_004863 79.63713 SPTLC2
hsa-mir-576 NM_003012 76.7581 SFRP1
hsa-mir-133b NM_004419 76.9457 DUSP5
hsa-mir-133b NM_001453 79.5863 FOXC1
hsa-mir-511 NM_001647 83.1836 APOD
hsa-mir-511 NM_004863 84.70739 SPTLC2
hsa-mir-204 NM_001453 97.1037 FOXC1
hsa-mir-155 NM_002164 82.2192 IDO1
hsa-mir-10b NM_003012 73.7255 SFRP1
hsa-mir-3614 NM_001077654 87.36709 TNFAIP8
hsa-mir-487b NM_001302123 89.14869 CXCL11
hsa-mir-29a NM_001844 97.45356 COL2A1
hsa-mir-330 NM_003012 70.2497 SFRP1
hsa-mir-655 NM_001453 81.2044 FOXC1
hsa-mir-19a NM_002775 76.157 HTRA1
hsa-mir-146a NM_001278736 81.6941 CCL5
hsa-mir-146a NM_001453 99.13475 FOXC1
hsa-mir-181c NM_004419 70.5801 DUSP5
hsa-mir-181c NM_001193335 73.0576 ASPN
hsa-mir-379 NM_001302123 83.8024 CXCL11
hsa-mir-501 NM_001453 80.2884 FOXC1
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hsa-mir-301a NM_001453 7243312 FOXC1
hsa-mir-301a NM_001171581 70.7526 ITM2A
hsa-mir-493 NM_001077654 80.6789 TNFAIPS
hsa-mir-140 NM_001302123 86.3204 cxcL11
hsa-mir-145 NM_002775 81.3835 HTRA1
hsa-mir-23b NM_001453 88.2522 FOXC1
hsa-mir-23b NM_004419 78.7952 DUSP5
hsa-mir-217 NM_001077654 94.65965 TNFAIPS
[0294] Further analysis determined that certain pre-miRNAs could interact with

multiple genes (e.g., multiple genes from the 101 gene signature and/or Determal O gene
list). A total of 16 pre-miRNAs were found to potentially interact with only a single gene in
the 101 gene signature list (Table 20) with a probability of at least 70%. A total of 42 pre-
miRNAs were found to potentially interact with only a single gene in the DetermalO gene

list with a probability of at least 70% (Table 21).

[0295] Table 20: pre-miRNAs with a single predicted target in 101 gene signature
list having at least 70% probability.

pre-miRNA
hsa-mir-3677
hsa-mir-342
hsa-mir-3150b
hsa-let-7e

hsa-mir-378c
hsa-mir-5586
hsa-mir-3940
hsa-mir-483
hsa-mir-454
hsa-mir-100
hsa-mir-139
hsa-mir-409
hsa-mir-7702
hsa-mir-10a
hsa-mir-337
hsa-mir-431

[0296] Table 21A: pre-miRNAs with a single predicted target in Determal O gene list
having at least 70% probability.
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miRNA Gene Accession | Probability Gene
Number of Name
Targeting

hsa-mir-146b NM_001278736 81.6941 CCL5
hsa-mir-223 NM_004863 81.1901 SPTLC2
hsa-mir-148a NM_001844 73.4678 COL2A1
hsa-mir-485 NM_001171581 83.1959 ITM2A
hsa-mir-29¢ NM_001844 97.45356 COL2A1
hsa-mir-625 NM_003012 50.5249 SFRP1
hsa-mir-494 NM_001190943 65.46408 TNFSF10
hsa-let-7¢ NM_001171581 89.4822 ITM2A
hsa-mir-496 NM_001171581 53.6328 ITM2A
hsa-mir-340 NM_001190943 56.8947 TNFSF10
hsa-mir-299 NM_001077654 93.57209 TNFAIP8
hsa-mir-380 NM_001453 84.3932 FOXC1
hsa-mir-889 NM_001844 95.91891 COL2A1
hsa-mir-5683 NM_002164 58.29101 IDO1
hsa-mir-369 NM_001193335 51.33138 ASPN
hsa-mir-148b NM_001844 73.4678 COL2A1
hsa-mir-6510 NM_001190943 72.2871 TNFSF10
hsa-mir-134 NM_001844 77.4781 COL2A1
hsa-mir-125b-2 NM_004863 81.1744 SPTLC2
hsa-mir-5586 NM_001844 86.4851 COL2A1
hsa-mir-616 NM_001193335 83.66219 ASPN
hsa-mir-222 NM_001302123 54.7001 CXCL11
hsa-mir-29b-2 NM_001077654 68.4902 TNFAIP8
hsa-mir-576 NM_003012 76.7581 SFRP1
hsa-mir-376¢ NM_001077654 65.51542 TNFAIP8
hsa-mir-150 NM_004863 55.13409 SPTLC2
hsa-mir-7-1 NM_003012 64.3331 SFRP1
hsa-mir-214 NM_001190943 51.6121 TNFSF10
hsa-mir-142 NM_004863 51.4403 SPTLC2
hsa-mir-10b NM_003012 73.7255 SFRP1
hsa-mir-3614 NM_001077654 87.36709 TNFAIP8
hsa-mir-487b NM_001302123 89.14869 CXCL11
hsa-mir-628 NM_002775 62.15602 HTRA1
hsa-mir-7-2 NM_003012 64.3331 SFRP1
hsa-mir-1301 NM_001647 53.771 APOD
hsa-mir-379 NM_001302123 83.8024 CXCL11
hsa-mir-432 NM_001190943 53.58751 TNFSF10
hsa-mir-501 NM_001453 80.2884 FOXC1
hsa-mir-218-1 NM_004863 67.60088 SPTLC2
hsa-mir-493 NM_001077654 80.6789 TNFAIP8
hsa-mir-410 NM_001190943 65.46408 TNFSF10
hsa-mir-654 NM_001077654 58.5766 TNFAIP8
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Methods and technologies described above were further applied to analysis of

mature miRNA. Gene and mature miRNA expression datasets for five cancers were

downloaded from the genomic data commons (GDC) portal (https://portal.gdc.cancer.gov/)

using the Genomic Data Commons package in R. Assessed cancers included Bladder

Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Colon Adenocarcinoma

(COAD), Lung Adenocarcinoma (LUAD), and Lung squamous cell carcinoma (LUSC).

Subtype was calculated as previously described for each sample in the datasets. Cancer

types (BLCA, BRCA, COAD, LUAD and LUSC) were then split so that 5% of each dataset

was reserved to create a small validation set (n=97) and 95% were concatenated to create the

training set (n=1875).

[0298]

With the training set established, calculations were performed to generate the

spearman tho correlation coefficient, between the expression of mature miRNA across all

samples and the subtype (IM, M, MSL), yielding three spearman rho values. Spearman rho

valuess with a p value of <05 were removed from the set. Three lists of mature miRNAs

were generated containing 75 mature miRNAs with the highest spearman rho values in a

corresponding subtype (e.g., 75 mature miRNAs for each of IM, M, and MSL). A total of

151 unique mature miRNAs were obtained from this assessment (Table 21B).

[0299]

in IM, M, and MSL types.

Table 21B: Selected mature miRNAs with highest spearman rho coefficient

Mature miRNA

hsa-miR-375 hsa-miR-143-5p hsa-miR-500a-3p hsa-miR-532-3p hsa-miR-199a-5p hsa-miR-130a-3p
hsa-miR-146b-3p | hsa-miR-625-3p hsa-miR-193a-5p hsa-miR-148a-5p hsa-miR-532-5p hsa-miR-26a-5p
hsa-miR-150-5p | hsa-miR-93-5p hsa-miR-30e-5p hsa-miR-21-3p hsa-miR-10b-5p hsa-let-7g-5p
hsa-miR-222-3p hsa-miR-99b-3p hsa-miR-10a-5p hsa-miR-148a-3p hsa-let-7b-5p hsa-miR-199b-3p
hsa-miR-143-3p hsa-miR-9-5p hsa-miR-200b-3p hsa-miR-140-3p hsa-miR-181b-5p hsa-miR-425-5p

hsa-miR-221-3p

hsa-let-7¢c-5p

hsa-miR-127-3p

hsa-miR-155-5p

hsa-miR-214-5p

hsa-miR-379-5p

hsa-miR-199b-5p

hsa-let-7a-5p

hsa-miR-181a-2-3p

hsa-miR-30c-2-3p

hsa-miR-181¢c-5p

hsa-miR-30a-5p hsa-miR-197-3p hsa-miR-584-5p hsa-miR-744-5p hsa-miR-185-5p
hsa-miR-27b-3p hsa-miR-16-5p hsa-miR-186-5p hsa-miR-29a-3p hsa-miR-15a-5p
hsa-miR-27b-5p | hsa-miR-345-5p hsa-miR-92a-3p hsa-miR-141-5p hsa-miR-30a-3p
hsa-miR-339-5p hsa-miR-423-5p hsa-miR-22-5p hsa-miR-23b-3p hsa-let-7e-3p
hsa-miR-126-5p hsa-miR-100-5p hsa-miR-574-3p hsa-let-7i-5p hsa-let-7i-3p
hsa-miR-497-5p hsa-miR-589-5p hsa-miR-342-3p hsa-miR-192-5p hsa-miR-330-5p
hsa-miR-141-3p hsa-miR-28-5p hsa-miR-146b-5p hsa-miR-203a-3p hsa-miR-93-3p
hsa-miR-181a-3p | hsa-miR-103a-3p hsa-miR-152-3p hsa-miR-423-3p hsa-let-7d-5p
hsa-miR-576-5p hsa-miR-139-5p hsa-miR-26b-5p hsa-miR-17-3p hsa-miR-1307-3p

hsa-miR-23a-3p

hsa-miR-106b-5p

hsa-miR-335-3p

hsa-miR-191-5p

hsa-miR-1301-3p
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hsa-miR-145-3p hsa-miR-101-3p hsa-miR-148b-3p hsa-miR-744-3p hsa-miR-378a-3p
hsa-miR-337-3p hsa-miR-28-3p hsa-miR-629-5p hsa-miR-145-5p hsa-miR-361-5p
hsa-miR-151a-5p | hsa-miR-874-3p hsa-let-7b-3p hsa-miR-132-3p hsa-miR-374a-3p

hsa-miR-125a-5p | hsa-miR-199a-3p hsa-miR-127-5p hsa-miR-25-3p hsa-miR-200¢-3p
hsa-miR-29¢-5p hsa-miR-652-3p hsa-miR-339-3p hsa-miR-24-3p hsa-miR-1976
hsa-miR-29b-3p hsa-miR-425-3p hsa-miR-193b-3p hsa-miR-107 hsa-miR-484

hsa-miR-128-3p

hsa-miR-181c-3p

hsa-miR-15b-5p

hsa-miR-542-3p

hsa-miR-378a-5p

hsa-miR-34a-5p

hsa-miR-126-3p

hsa-miR-424-5p

hsa-miR-331-3p

hsa-miR-125b-5p

hsa-miR-664a-3p

hsa-miR-223-3p

hsa-miR-766-3p

hsa-miR-99b-5p

hsa-miR-194-5p

hsa-miR-451a

hsa-miR-21-5p

hsa-miR-29¢-3p

hsa-miR-142-3p

hsa-miR-99a-5p

hsa-miR-505-3p

hsa-miR-106b-3p

hsa-miR-30e-3p

hsa-miR-20a-5p

hsa-miR-92b-3p

hsa-let-7e-5p

hsa-miR-134-5p

hsa-miR-17-5p

hsa-miR-361-3p

hsa-miR-210-3p

[0300] Interquartile range (IQR) for expression was assessed for these 151 mature
miRNAs to determine which mature miRNAs had a robust range of expression values.
Mature miRNAs with an IQR greater than 1 were selected for additional analysis, resulting

in 134 unique mature miRNAs total.

[0301] Table 21C: Selected mature miRNAs with IQR>1.

Mature miRNA
hsa-miR-375 hsa-miR-625-3p | hsa-miR-181a-2-3p hsa-miR-141-5p hsa-miR-330-5p
hsa-miR-146b-3p | hsa-miR-93-5p hsa-miR-584-5p hsa-miR-23b-3p hsa-miR-93-3p
hsa-miR-150-5p hsa-miR-99b-3p | hsa-miR-92a-3p hsa-miR-192-5p hsa-miR-1307-3p
hsa-miR-222-3p hsa-miR-9-5p hsa-miR-22-5p hsa-miR-203a-3p hsa-miR-1301-3p
hsa-miR-143-3p hsa-let-7¢-5p hsa-miR-574-3p hsa-miR-423-3p hsa-miR-378a-3p
hsa-miR-221-3p hsa-miR-197-3p | hsa-miR-342-3p hsa-miR-17-3p hsa-miR-200c-3p
hsa-miR-199b-5p | hsa-miR-16-5p hsa-miR-146b-5p hsa-miR-191-5p hsa-miR-1976
hsa-miR-30a-5p hsa-miR-345-5p | hsa-miR-152-3p hsa-miR-744-3p hsa-miR-484
hsa-miR-27b-3p hsa-miR-423-5p | hsa-miR-26b-5p hsa-miR-145-5p hsa-miR-378a-5p
hsa-miR-27b-5p hsa-miR-100-5p | hsa-miR-335-3p hsa-miR-24-3p hsa-miR-125b-5p
hsa-miR-339-5p hsa-miR-589-5p | hsa-miR-148b-3p hsa-miR-107 hsa-miR-194-5p
hsa-miR-126-5p hsa-miR-139-5p | hsa-miR-629-5p hsa-miR-542-3p hsa-miR-99a-5p
hsa-miR-497-5p ls’;a'm'R'losb' hsa-let-7b-3p hsa-miR-331-3p | hsa-miR-92b-3p
hsa-miR-141-3p hsa-miR-101-3p | hsa-miR-127-5p hsa-miR-99b-5p hsa-miR-210-3p
hsa-miR-181a-3p | hsa-miR-874-3p | hsa-miR-339-3p hsa-miR-142-3p hsa-miR-130a-3p
hsa-miR-576-5p ;’;a'm'R'ma' hsa-miR-193b-3p hsa-miR-20a-5p | hsa-miR-199b-3p
hsa-miR-145-3p hsa-miR-652-3p | hsa-miR-15b-5p hsa-miR-361-3p hsa-miR-425-5p
hsa-miR-337-3p hsa-miR-425-3p | hsa-miR-424-5p hsa-miR-199a-5p hsa-miR-379-5p
hsa-miR-151a-5p g’;a'm'R'lglc' hsa-miR-766-3p hsa-miR-532-5p
hsa-miR-125a-5p | hsa-miR-126-3p | hsa-miR-2%¢c-3p hsa-miR-10b-5p
hsa-miR-29¢c-5p hsa-miR-223-3p | hsa-miR-17-5p hsa-let-7b-5p
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hsa-miR-29b-3p 3p hsa-miR-532-3p hsa-miR-181b-5p

hsa-miR-128-3p hsa-miR-134-5p | hsa-miR-148a-5p hsa-miR-214-5p

hsa-miR-34a-5p g’;a'miR'sooa' hsa-miR-21-3p hsa-miR-181c-5p

hsa-miR-664a-3p g’;a'miR'ma' hsa-miR-148a-3p hsa-miR-185-3p

hsa-miR-451a hsa-miR-30e-5p | hsa-miR-155-5p hsa-miR-15a-5p

hsa-miR-505-3p hsa-miR-10a-5p | hsa-miR-30c-2-3p hsa-miR-30a-3p

hsa-let-Te-5p ;’;a'miR'zoob' hsa-miR-744-5p hsa-let-7e-3p

hsa-miR-143-5p hsa-miR-127-3p | hsa-miR-29a-3p hsa-let-7i-3p

[0302] Next, selected mature miRNAs were evaluated in real-world plasma samples.

Data from GSE73002 from the NCBI gene expression omnibus
(https://www.ncbi.nlm.nih.gov/geo/) were downloaded and this dataset (containing serum
miRNA expression levels for breast cancer detection) were assessed for presence of selected

mature miRNAs. A total of 131 unique miRNAs were identified in the dataset.

[0303]

miRNA expression data may be utilized, and, in some embodiments, combined with the 101

Among other things, the present Example demonstrates that available

gene signature to produce a model to classify miRNAs (e.g., pre-miRNAs, mature miRNAs,
combinations thereof) into a particular signature type (e.g., IM, M, MSL). In some
embodiments, this model may be used to assess a sample of interest (e.g., tumor sample
from a subject, blood and/or plasma sample from a subject) for miRNA (e.g., pre-miRNA,
mature miRNA, combinations thereof) expression levels in order to assess IM, M, and MSL
signature levels. In some embodiments, assessment of gene signature levels could be
leveraged to create a blood-based, miRNA-specific scoring system to inform selection

and/or modification of therapy (e.g., ICI therapy, chemotherapy, etc.).
Example 14: Assessment of gene mutation data

[0304] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with gene mutation and interaction data and may be
utilized for and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.

[0305] A dataset comprising gene mutation and interaction data (e.g., amino acid
changes, affected protein, mutation type, participant information) was downloaded from

IntAct database (https://www.ebi.ac.uk/intact/home). The dataset was analyzed for
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interactions with one or more genes within the gene list described in Example 15, resulting
in a list of 4285 gene mutations of interest. These gene mutations were further analyzed to
identify any potential interactions with other genes within the 939 gene list, producing a list

of 309 interactions of interest.

[0306] Next, identified gene mutations with interactions were assessed to determine
whether certain mutations could result in altered interactions, e.g., whether a wild-type
protein would interact with a protein with a signature of IM, M, or MSL, and an identified
mutation would interact with a protein from a different signature of IM, M, or MSL. Gene
mutations were mapped to IM, M, or MSL subtypes based upon clustering analysis for each
tumor sample, wherein a gene was within a certain Euclidean distance for each subtype.
Gene mutations were assigned to a single subtype if (i) they clustered with one subtype
based upon data from 11 or more different tumor tissue types or if (ii) they clustered with
one subtype based upon data from 10 different tumor tissue types and clustered with a
different subtype in 6 or less different tumor tissue types. Gene mutations were assigned to
multiple subtypes if (i) they clustered with one subtype based upon data from 10 tumor
tissue types and clustered with a different subtype based upon data from 7 or 8 different
tumor tissue types, (i1) they clustered with one subtype based upon data from 8 or 9 tumor
tissue types and clustered with a different subtype based upon data from 7-9 different tumor
tissue types. Gene mutations were not given a subtype if they clustered with one subtype
based upon data from 8or 9 tumor tissue types and clustered with a different subtype based

upon data from 6 or less different tumor tissue types.

[0307] After assignment of subtypes, gene mutations were filtered to identify
interactions between genes (e.g., interactions of expressed mutant protein with a wild-type
or mutant protein of interest) wherein a gene of one subtype interacted with a gene of
another subtype. A total of 92 gene mutations of interest were identified as a result of this
analysis. Gene mutations with no predicted effect were then removed, producing a list of 64
gene mutations of interest (Table 22). Mutation descriptions in Table 22 are presented in
formatting as outlined in IntAct database

(https://www.ebi.ac.uk/intact/download/datasets#mutations).

[0308] Table 22: Gene mutations interacting with one or more genes of a different

subtype.
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Affected Affecte | Feature type Interactions
protein symbol | d Gene
Subtyp
es

HTRA1L M mutation(MI:0118) ['HTRA4 : IM]

LPL M mutation(MI[:0118) ['GPIHBP1 : MSL"]

MPP1 M mutation(MI:0118) ['GYPC: MSL]

HTRA4 M mutation(MI[:0118) ['HTRAL : M']

FGFR1 M mutation(MI:0118) ['FGF2 : MSL_M']

GUCY1B1 MSL_M | mutation(MI:0118) ['GUCY1A1 : MSL']

GNAO1 M mutation(MI:0118) ['GNG2 : MSL']

PILRA M mutation(MI:0118) ['SORCS1 : MSL_M']

cCL5 M mutation(MI:0118) ['CXCL12 : MSLY

GYPC MSL mutation(MI:0118) ['MPPL: IM1

ADAMS M mutation(MI:0118) ['SNX33 : M"]

PLEK IM mutation(MI1:0118) ['CAVIN2 : MSL', 'F13A1 : MSL']

PLEK M mutation(MI:0118) ['ACTNT : M"]

BTK IM mutation decreasing(MI:0119) ['GTF2I : M']

FYN MSL mutation decreasing(MI:0119) ['PRKCQ : IM']

GPIHBP1 MSL mutation decreasing(MI:0119) ['LPL:M"]

BTK IM mutation decreasing(MI:0119) ['SH3BP5 : MSL_M']

IGFBP5 M mutation decreasing(MI:0119) ['IGF1 : MSL"]

CFH MSL mutation decreasing(MI:0119) ['C3:IM_MSL"

LAT IM mutation decreasing(MI:0119) ['PLCG1: M

NOD2 IM mutation decreasing strength(MI:1133) ['VIM : MSL']

LILRB2 IM mutation decreasing strength(MI:1133) ['ANGPTL2 : M]

APOE IM mutation decreasing strength(MI:1133) ['LRP1: M

PRKN M mutation decreasing strength(MI:1133) ['UBE2L6 : IM']

LRP1 M mutation decreasing strength(MI:1133) ['APOE : IM']

NTRK3 MSL mutation decreasing strength(MI:1133) ['DOK6 : M']

LRP1 M mutation decreasing strength(MI:1133) ['APOE : IM']

THEMIS IM mutation decreasing strength(MI:1133) ['PLCG1 : M"]

FOXP3 IM mutation disrupting(MI:0573) ['RBPMS : M']

WARS1 IM mutation disrupting(MI:0573) ['CDH5 : MSL']

VCAM1 IM mutation disrupting(MI:0573) ['SPTBN1: M', 'APOE : IM', 'TLN1: M",
'PSMA3 : IM', 'S1I00AS8 : IM', 'PSMAG : IM']

CFH MSL mutation disrupting(MI:0573) ['C3:IM_MSL']

SH2D1B IM mutation disrupting(MI:0573) ['INPP5D : IM', 'DAPPL : IM', 'PECAM1 : MSL',
'CD84 : IM']

PLCG1 M mutation disrupting(MI:0573) ['MAP4K1 : IM']

FOXP3 IM mutation disrupting(MI1:0573) ['/RBPMS : M']

LYS6 IM mutation disrupting(MI:0573) ['TLR4 : IM_MSL']

VCAM1 IM mutation disrupting(MI1:0573) ['TLN1 : M', 'VCL : M, 'PSMA3 : IM', 'FERMT3
1 IM', 'PSMAG : IM']

VCAM1 IM mutation disrupting(MI:0573) ['TLN1: M)

VCAM1 IM mutation disrupting(MI:0573) ['KIDINS220 : M', 'TMPO : IM_M', 'TLN1 : M",
'‘PSMA3 : IM', 'PSMAG6 : IM', 'HIP1 : M', 'FLNC
: M, 'SPTBN1 : M']

HTRA1 M mutation disrupting rate(M1:1129) ['HTRA4 : IM']
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CTNNA3 M mutation disrupting strength(MI:1128) ['USHBP1 : MSL']
LPL M mutation disrupting strength(MI:1128) ['GPIHBP1 : MSL']
FAM107A MSL mutation disrupting strength(MI:1128) ['cCDC136: M']
PRKN M mutation disrupting strength(MI:1128) ['UBE2L6 : IM']
BTK IM mutation disrupting strength(MI:1128) ['MEOX2 : MSL']
NTRK3 MSL mutation disrupting strength(MI:1128) ['DOK6 : M']
PRKN M mutation disrupting strength(MI:1128) ['NFKBIE : IM']
LILRB2 IM mutation disrupting strength(MI:1128) ['ANGPTL2 : M']
ESR1 IM_MS | mutation disrupting strength(MI:1128) ['ESR2 : IM_M']
PILRA :_M mutation disrupting strength(MI:1128) ['PIANP : M']
NTRK3 MSL mutation disrupting strength(MI:1128) ['NTF3 : M', 'DOK6E : M']
APOE IM mutation disrupting strength(MI:1128) ['LRP1: M']
DPYSL2 MSL_M | mutation disrupting strength(MI:1128) ['DPYSL3 : M']
DNMT3A M mutation disrupting strength(MI:1128) ['TCL1A : 1M']
GPIHBP1 MSL mutation disrupting strength(MI:1128) ['LPL: M"]
PBXIP1 M mutation disrupting strength(MI:1128) ['ESR1 : IM_MSL']
ESR1 IM_MS | mutation disrupting strength(MI:1128) ['STAT1:IM']
LDOC1 k/l mutation disrupting strength(MI:1128) ['FAM107A : MSL']
SELP MSL mutation increasing(MI:0382) ['SELPLG : IM']
LILRB2 IM mutation increasing strength(MI:1132) ['ANGPTL2 : M"]
KDR MSL mutation increasing strength(MI:1132) ['TANTXR1 : M']
ANTXR1 M mutation increasing strength(MI:1132) ['KDR : MSL']
PILRA IM mutation increasing strength(MI:1132) ['PIANP : M"]
FGFR1 M mutation increasing strength(MI:1132) ['FGF2 : MSL_M"]
[0309] Among other things, the present Example demonstrates that gene mutations

and/or interactions may be assessed to determine potential interactions with genes of interest

that map to one or more of the IM, M, and MSL subtypes (e.g., genes from the 101-gene

signature list, DetermalO list, and/or larger gene sets based upon clustering with the 101-

gene signature list). In some embodiments, certain gene mutations that map to one subtype

(e.g,IM, M, MSL) may be identified as having potential interactions with one or more

genes of interest mapping to a different subtype (e.g., IM, M, MSL). In some embodiments,

such gene mutations may be used to inform treatment of a subject. For example, in some

embodiments, treatment targeting or inhibiting a mutated gene having one signature (e.g.,

M, MSL) that interacts with a gene having a different signature (e.g., IM) could produce an

increase in overall IM signature for a tumor and result in an increased 10 score. In some

embodiments, treatment targeting or inhibiting mutated gene having one signature (e.g., IM)

that interacts with a gene having a different signature (e.g., M, MSL) could produce an

increase in overall M or MSL signature for a tumor and result in a decreased 10 score. In
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some embodiments, information obtained from gene mutation assessment can be used to
inform selection and/or modification of therapy, and particularly of combination therapies
(e.g., additional therapy in combination with ICI therapy). In some embodiments,
information obtained from gene mutations can be used to inform selection and/or
modification of therapy, and particularly of combination therapies (e.g., additional therapy
in combination with ICI therapy) based upon changes in 10 scoring. In some embodiments,
treatment targeting or inhibiting mutated genes could be combined with one or more
therapies (e.g., chemotherapy, ICI, etc.) based upon changes in IO scoring. In some
embodiments, treatment targeting or inhibiting a mutated gene (e.g., via one or more of an
antibody, small molecule, antibody conjugate, etc.) could be targeted to one or more regions
the corresponding expressed protein (e.g., one or more regions that is/are associated with

mutation).

[0310] In some embodiments, the present example demonstrates that certain gene
mutations (e.g., mutation in FGFR1) may associate with the M subtype and/or may increase
affinity for one or more genes in the MSL subtype (e.g., MSL). In some embodiments,
increased interactions between or among genes in M and MSL subtypes may promote
reduced tumor responsiveness to one or more therapies. Accordingly, in some
embodiments, the present disclosure teaches that a treatment may be selected specifically
targeting such gene mutations; without wishing to be bound by any particular theory, the
present disclosure teaches that administering such targeted treatment (and, in some
embodiments, admninistering such in combination with IO therapy), may provide improved

subject outcome as compared to a non-targeted therapy and/or to 10 therapy alone.

[0311] In some embodiments, the present example demonstrates that certain gene
mutations (e.g., mutation in SELP) may associate with the MSL subtype and increase
affinity for one or more genes in the IM subtype (e.g., MSL). In some embodiments, a
treatment may be selected specifically targeting such gene mutations, for example in order
to increase expression of genes associated with IM (e.g., potentially increasing IM subtype

character of a tumor and/or DetermalO scoring).
Example 15: Assessment of compound sensitivity

[0312] The present Example, among other things, demonstrates that classifications

provided herein can be correlated with compound sensitivity data and may be utilized for
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and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.

[0313] Datasets of tumor sensitivity to various compounds as part of the PRISM
screen were downloaded (https://depmap.org/portal/download/). Compounds were
annotated with compound names and mechanisms of action based upon publicly available
data. Analysis was restricted to cell line assays not annotated as “Failed’, resulting in a total
of 568 cell lines and 4686 compounds. Gene expression data for a set of 19177 genes on
1389 cell lines was also acquired from the Broad Institute
(https://depmap.org/portal/download/). Cell lines in the gene expression data set were split
into 2/3 training and 1/3 test sets, balanced for cell lineage, using the ‘caret’ package in R
version 4.1.1. Cells were classified by subtype (e.g., IM, M, MSL), as described herein
using the 101 gene signature. Data was limited to cell lines that were included in the gene
expression training set and were also employed in the compound sensitivity screen. This
resulted in a set of 4686 compounds applied to 371 cell lines. The test set consisted of 4686

compounds applied to 188 cell lines.

[0314] Compounds were limited to those with a significant (p value <0.05) negative
correlation with the IM, MSL or M subtypes, determined by classifying cell lines using the
101 gene signatures as previously herein, and then correlating the compound sensitivity
scores with the subtype correlations across the training and test sets of cell lines. Only
compounds with a correlation of less than -0.1 with at least one subtype correlation in the
training cell set were retained for further analysis. This resulted in a set of 598 compounds,

some of which were not uniformly associated with the different subtypes (Table 23A).
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[0316] Among other things, our analyses provided valuable insights including, for
example, that compounds annotated with a mechanism of action as EGFR inhibitors were
significantly associated with the IM class, compounds with a mechanism of action as RAF
inhibitors were significantly associated the M class, and compounds with a mechanism of

action as rho associated kinase inhibitors were associated with the MSL class (Table 23B)

[0317] Table 23B: Mechanism of action and associated subtype for selected
compounds with significant subtype association.
Mechanisms of Action M MSL M
adrenergic receptor agonist 2 0
cyclooxygenase inhibitor 5 1
EGFR inhibitor 21 0 0
phosphodiesterase inhibitor 5 2
RAF inhibitor 0 7
rho associated kinase inhibitor 6 1
[0318] The compound list was further assessed to limit associated genes to those that

were present in a list of genes derived to allow for maximum diversity between clusters
defined by the 101 gene signature. This list of genes consisted of a union of 937 genes
derived from an analysis of lung squamous, melanoma and sarcoma tumor gene expression
data sets, 936 genes from an analysis of lung squamous, lung adeno, and breast tumors, 1525
genes from a union of genes sets determined to give maximum diversity, employing the top
five sets that use five unique tumor types, and 2072 genes from a union of the top three gene
sets that use nine unique tumor types, resulting in 2595 unique genes. When limited to the
genes also present in the cell line expression data set, this resulted in a set of 2198 genes. To
remove genes with very low expression and very low variability, genes were further limited
to those that had a standard deviation greater than 0.3 across the training cell lines, resulting

in a final list of 1954 genes.

[0319] In addition to gene expression data, gene dependency data was analyzed.
These cancer cell line genetic dependencies were estimated using the DEMETER2 model
applied to three large-scale RN Ai screening datasets: the Broad Institute Project Achilles,
Novartis Project DRIVE, and the Marcotte et al. breast cell line dataset (Marcotte, R. et al.

Functional genomic landscape of human breast cancer drivers, vulnerabilities, and
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resistance. Cell 164, 293-309 (2016)), covering a total of 17309 genes and 712 unique
cancer cell lines (James M. McFarland, Zandra V. Ho, Guillaume Kugener, Joshua M.
Dempster, Phillip G. Montgomery, Jordan G. Bryan, John M. Krill-Burger, Thomas M.
Green, Francisca Vazquez, Jesse S. Boehm, Todd R. Golub, William C. Hahn, David E.
Root, Aviad Tsherniak. (2018). Improved estimation of cancer dependencies from large-
scale RNAIi screens using model-based normalization and data integration. Nature
Communications 9, Genetic dependency was determined by examining effects of single-
gene knockdowns on cell viability, which may, e.g., provide information about genetic
pathways that differ between the biology of diverse cell types. Gene dependence data was

downloaded from the Broad Institute (https://depmap.org/portal/download/).

[0320] This list of genes (based upon gene expression and gene dependency) was
analyzed by Pearson correlation with the compound sensitivity data across the training cell
lines. Correlation values, p values, q values and local false discovery rates were calculated.
This analysis was repeated using the same set of compounds and genes on the test set of cell
lines. A list of genes was prepared for genes associated with compounds wherein (i) the q
value of the correlation was less than 0.05 in both training and test sets, (ii) the correlation
was negative in both training and test sets (indicating that positive gene expression would
indicate increased sensitivity of the cells to the compound), and (iii) the compound had a
significant negative correlation with one of the subtypes in the training set and the direction
of this correlation was also found in the test set of samples, resulting in a list of 1136
gene:compound correlate pairs (Table 24A). When gene dependency was also examined,
the criteria were that p values for correlations with compound sensitivity of the gene
expression and gene dependency be less than 0.05 for train and test sets, the correlation was
negative in both training and test sets (indicating that positive gene expression would
indicate increased sensitivity of cells to the compound) and that the compound had a
significant negative correlation with one of the TNBCTypes in the training set and the
direction of this correlation was also found in the test set of samples resulted in a list of 60
gene:compound correlate pairs (Table 24B). Analysis of these two lists of correlate pairs

provided 80 unique compounds (Table 25) and 413 unique genes (Table 26).
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[0323] Table 24A and 24B key

MoA: Mechanism of action.

Associated Gene: Gene whose expression correlated with compound sensitivity across cell
lines.

Associated Gene Family: Protein family in which that gene is found.

compound gene train corr: Correlation of gene expression with compound sensitivity in the
training data. Strong negative correlation means that greater expression was linked to
increased sensitivity to the compounds.

compound gene train pvalue: Measure of significance for this association.

compound gene test corr: Correlation in the test data.

compound gene dep train corr: Correlation of gene dependency with compound sensitivity
in the training data set. A negative correlation means that the importance of the expression
of that gene to cell health was linked to increased compound sensitivity.

compound gene dep train pvalue: Measure of significance for this association.

compound gene dep test corr: Correlation of gene dependency with compound sensitivity in
the test data set.

TNBCType train: Classification of association of the compound sensitivity with the IM,
MSL and M cell line classes in the training data set.

DTIO Corr train: Association of the compound sensitivity with the DetermalO cell line
classes in the training data set.

TNBCType test: Classification of the association of the compound sensitivity with the IM,
MSL and M cell line classes in the test data set.

DTIO Corr test: Association of the compound sensitivity with the DetermalO cell line

classes in the test data set.

[0324] Table 25: Unique compounds identified through assessment of
compound: gene and compound:gene:gene dependency correlations.
BROAD Compound Name Present in Present in
compound ID compound: gene compound: gene:gene
correlations dependency correlations
A00842753 RGFP966 X
A12230535 TAK-285 X
A19736161 benzethonium X
A19777893 oleuropein X
A27883417 nutlin-3 X
A56085258 ondansetron X X
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AT75975749 menadione-bisulfite X X
K01507359 alexidine X
K02113016 gefitinib X
K03289018 BIBX-1382 X
K03765900 LGX818 X
K04568635 bafetinib X
K05804044 rifampin X X
K07106112 olaparib X
K08542803 dasatinib X X
K09416995 CCT137690 X
K09951645 chlorhexidine X X
K12040459 rubitecan X
K13044802 GDC-0879 X
K13060017 XL-647 X
K13169950 PR-619 X X
K13183738 octenidine X X
K13394247 oxiperomide X
K16180792 AZ-628 X X
K17203476 dihydroartemisinin X
K19333160 BMS-599626 X X
K19540840 gambogic-acid X
K19687926 BMS-690514 X
K20285085 UNC0642 X
K22134346 lovastatin X
K23190681 dabrafenib X
K23925186 AT7867 X
K25970317 artesunate X
K26603252 ciclopirox X
K26818574 UNC0631 X X
K28061410 NSC-3852 X
K28824103 pentamidine X
K29905972 RAF265 X
K30159788 radafaxine X
K30933884 bis(maltolato)oxovanadium( X

V)
K31698212 1.Y2874455 X
K31866293 RKI-1447 X X
K33882852 saracatinib X
K37561857 lapatinib X X
K39974922 thiomersal X
K40109029 R406 X
K42805893 3-deazaneplanocin-A X
K46386702 simvastatin X X
K47150025 mevastatin X
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K49294207 AV-412 X
K49328571 oridonin X
K52256627 resibufogenin X
K54395039 PD-153035 X
K54634444 BIX-01294 X
K54955827 atorvastatin X
K56981171 erdafitinib X
K58529924 beta-lapachone X
K60130390 genipin X
K60443845 axitinib X
K61443650 niraparib X
K61688984 baicalein X
K62200014 RSV604 X
K62213621 UNBS-5162 X
K64052750 icotinib X
K67578145 TAK-632 X X
K69726342 ZK-93423 X
K70914287 zardaverine X
K72327355 chlormidazole X
K72723676 lenvatinib X
K75958547 anagrelide X
K76239644 SB-505124 X
K77791657 1ICG-001 X
K78096648 osimertinib X
K79821389 pitavastatin X
K80343549 ARRY-334543 X
K81332461 maxacalcitol X
K84868168 selumetinib X X
K93123848 KI1-8751 X X
K94441233 ONC201 X X
K94455792 BIBU-1361 X X
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[0326] Relationships between gene expression and compound sensitivity in relation
to subtypes can be visualized and explored via clustering. Using the gene list and selected
compounds as described above, both datasets can be clustered and plotted as a heatmap.
Clustering using the training set of cell lines shows genes and compounds with potentially
related pathways and mechanisms of action co-clustering (Figure 13). Mechanisms of
action appear to have relationships with subtypes (Table 23), which were also observed in

the test set of cell lines (Figure 14).

[0327] These results were also validated through application of methods described
herein to datasets obtained from the Cancer Therapeutics Response Portal (CTRP), which
provided data from a screen of cancer cell lines for small-molecule sensitivity (Seashore et
al., Cancer Discov. 2015 Nov;5(11):1210-23). As described for the PRISM screen,
correlation of compound sensitivity across the cell lines to the IM, MSL and M subtype was
determined, as well as measurements of significance (p values and q values). q values were
determined as described by John D. Storey, Robert Tibshirani, Statistical significance for
genomewide studies, Proceedings of the National Academy of Sciences Aug 2003, 100 (16)
9440-9445 using the qvalue R package. Compound correlations where the correlation was
negative, indicating sensitivity to the compound, and with a q value less than 0.05 were
assessed. From this list of compounds, 83% produced comparable results in both the

PRISM and CTRP assays, suggesting a high degree of confidence in observed correlations.

[0328] Similarly, the results from the PRISM screen which had a q value less than
0.05 and were also screened in the CTRP assay (N=10) were assessed. 90% of these gave
comparable results in both assays. Compounds classified as inhibitors of EGFR were
identified as highly significant in both the CTRP and PRISM screens. Tumors of the IM
class were also identified as especially sensitive to certain EGFR inhibitors (e.g. lapatinib,
canertinib, afatinib). Interestingly, several drugs in this class have shown to have
immunomodulatory effects during cancer treatment (Griguolo, et al., J. Immunotherapy
Cancer 7, 90 (2019); Tu et al., Cancer Res. 2021 Jun 15;81(12):3270-3282). suggests that
patients with a tumor classified as IM by TNBCType (the 101 gene signature) might be

candidates for this class of drug.
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[0329] Among other things, the present example demonstrates that compounds may
be classified by association with genes of particular subtypes (IM, MSL, M) in order to
inform selection of one or more therapies. In some embodiments, a tumor sample (e.g.,
obtained through liquid biopsy, tissue biopsy, etc.) may be assessed to determine expression
level of one or more genes or miRNAs as described herein. In some embodiments, a tumor
sample may be assessed for DetermalO scoring. In some embodiments, selection of
treatment with one or more compounds may be based upon DetermalO score. For example,
in some embodiments, one or more compound treatments may be selected due to increased
sensitivity of a tumor sample to such treatment(s) depending on DetermalO score. In some
embodiments, one or more compound treatments may be selected due to increased
sensitivity of a tumor sample to such treatment(s) depending expression levels of genes

and/or miRNAs classified in a particular subtype (e.g., IM, M, MSL).

[0330] In some embodiments, the present example demonstrates that certain
compounds (e.g., anti-VEGF compounds, vitamin D receptor inhibitors) may associate with
the MSL subtype. In some embodiments, the present example demonstrates that certain
compounds (e.g., CSF1R inhibitors) may associate with the M subtype. In some
embodiments, the present example demonstrates that certain compounds (e.g., CD40

agonists) may associate with the IM subtype.
Example 16: Assessment of tumor immune signatures

[0331] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with tumor immune infiltrate types and may be utilized
and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.

[0332] Gene expression data sets from tumors in eighteen types (lung squamous cell,
lung adenocarcinoma, breast, ovarian, kidney clear cell, head and neck, prostate, melanoma,
colon, bladder, pancreas, kidney papillary, sarcoma, rectal, B cell lymphoma, kidney
chromophobe, esophageal and stomach cancers) were downloaded from the US NIH
Genomic Data Commons Portal (https://portal. gdc.cancer.gov/). Each tumor’s gene
expression data was processed identically. Experiment data downloaded from the NIH data
repository was converted to a DGE list using the R (version 4.1.1) function SE2DGEList in
the edgeR package. Duplicate genes were reduced to a single gene by selecting the gene

with the maximum standard deviation across all samples in the data set. HUGO Gene
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Nomenclature Committee (HGNC) names for each gene were added using the biomarRt
package. Genes without a HGNC designation were removed from the analysis. Using TMM
normalization in the EdgeR package, normalization factors were calculated, applied, and
log2 transformed counts per million (cpm) were determined for each gene for each sample.
The distribution of cpm and the standard deviation of genes across samples was plotted, and
cutoffs determined to remove very low expressing genes. Samples were then renormalized
using TMM after these genes were removed. Potential confounding effects due to the
institution from which a tumor sample was acquired was addressed by removing batch effect
based on the tissue source site using the EdgeR package. The normalized and batch
corrected gene expression data sets were then combined into a 2/3 training, 1/3 test set with
tumors balanced for tumor type between the two sets, without shared institutions between
the two. This results in 4696 tumor samples in the training set, and 2195 samples in the test.

This gene expression data set is referred to herein as TCGA18.

[0333] One set of immune cell signatures were created from defined mouse immune
cell populations. Gene expression data from the ImmGen public consortium
(www.immgen.org) was downloaded. These data are derived from defined and purified
mouse cells using the ImmGen ULI GSE109125 data set. Gene names were translated into
human homologs, and when duplicate genes were present, those with maximum standard
deviation across all lines were selected. This list of genes was limited to those that were
present in a list of 937 genes derived from an analysis of lung squamous, melanoma and
sarcoma tumor gene expression data sets to allow for maximum diversity between clusters
defined by the 101 gene signatures, resulting in 740 genes. A data set was created using
these 740 genes and the normalized and batch corrected data from TCGA18. Using these
data, gene expression of tumor samples were correlated with gene expression of the
ImmGen cells. Principal components were calculated and plotted for these correlations.
The first component largely defined a tumor vs purified cell signature, so was removed, and
anew correlation value for all samples was determined, and the average of the correlations
with the ImmGen samples for each class of InmGen sample was calculated. The average
expression of genes for each cluster was calculated as the “ImmGen corr subPC1” signature.
The average expression of these signatures for all assayed cells is summarized by subtype

(e.g.. IM, MSL, M) and tissue of origin (Table 27A).
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[0335] Table 27A key
Component Class of signature Cell type detected
ImSig score.B cells ImSig B cells
ImmGen corr subPC1 B ImmGen vector with first principal B cells
cell component removed
community B cell Community detection signature B cells
derived from known markers
ImSig score. Macrophages ImSig Macrophages
ImmGen corr subPC1 ImmGen vector with first principal Macrophages
macrophage component removed
community Macrophage Community detection signature Macrophages
M1 M2 derived from known markers
ImSig score.T cells ImSig T cells
ImmGen corr subPC1 ImmGen vector with first principal T cells, specifically gamma-delta
alpha-beta T component removed unactived T cells

ImmGen corr subPC1
gamma-delta T

ImmGen vector with first principal
component removed

T cells, specifically alpha-beta
unactived T cells

ImmGen corr subPC1
activated T

ImmGen vector with first principal
component removed

T cells, specifically actived T cells

community T cell 1

Community detection signature

T cells, specifically a mixed T cell

derived from known markers population
community T cell 2 Community detection signature T cells, specifically a mixed T cell
derived from known markers population
community NK T Community detection signature T cells, specifically a mixed T cell
derived from known markers population
[0336] In addition to the ImmGen signatures, signatures were also created to identify

sets of immune cells that could potentially infiltrate tumors together (e.g., natural killer cells

and T cells). The signature used genes known to be markers for diverse immune cell types.

A list of genes known to be differentially expressed in immune cell types was prepared

comprising information from published sources as well additional genes of interest (Table

27B). Gene expression data for the training sets of tumor types breast, ovarian, bladder,

lung adenocarcinoma and lung squamous cell carcinoma were each individually scaled.

These scaled data sets were then clustered using fclust, with k=15. Clusters of gene

identified by this process were limited to genes whose expression was three standard

deviations above the mean for all genes. Clusters were only selected for further use if they
contained at least ten genes. These selected clusters for all five tumors were combined and
then used to create a network using the igraph package in R. Clusters of genes were defined
by the cluster louvain function in igraph. Genes defined by the community detection
method were annotated by their cluster name (Table 28), which was derived from an

examination of the immune markers that contributed to each cluster. The average
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expression of genes for each cluster was calculated as the community detection immune
signature. The average expression of these signatures for all assayed cells is summarized by

subtype (e.g., IM, MSL, M) and tissue of origin (Table 27A).
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[0339] A previously defined set of immune signatures was also employed (Nirmal et
al., Cancer Immunol Res. 2018 Nov;6(11):1388-1400). TCGA18 gene expression samples
were processed as described above, but without a log transformation, and the imsig package
in R used to classify samples. These signatures for all assayed cells are summarized by

subtype (e.g. IM, MSL, M) and tissue of origin (Table 27A).

[0340] These three sets of distinct signatures, designated as ‘ImSig’, ‘ImmGen’ and
‘Community Detection’, show considerable conservation, as seen in a high correlation
between most signatures sharing a B cell, T cell, or macrophage target (Figure 15). As the
community detection signatures identify sets of co-infiltrating immune cells, correlation of
these signatures with multiple immune cell types may occur. The signatures were then used
to classify clustered tumor expression data. Training data for lung adenocarcinoma and lung
squamous cell tumors are shown (Figure 16 and Figure 17). In the lung adeno cluster the
macrophage signature was strong for many of DetermalO+/MSL cases and some also have
T cell infiltrate signatures. B cell infiltrates appeared in other tumors, predominantly in the
IM cluster. Inthe M cluster, there were a high number of un-activated T cell (as seen with
the ImmGen ab and gd T cell signatures) infiltrates, while activated T cells (ImmGen
activated T cell and ImSig and community detection T cell signatures) were mostly in IM.

In the lung squamous cases, B cell infiltrates appeared rare outside of IM. However, distinct
from lung adenocarcinoma cases, T cell infiltration was observed in IM and MSL, though

high levels of un-activated T cells were still found in M.

[0341] Similar distributions of immune signatures were observed in the test set of
cases for these same tumors, both lung adenocarcinoma (Figure 18) and lung squamous cell
carcinoma (Figure 19). For both tumors, macrophage infiltration was observed frequently in
IM and MSL cases, and un-activated T cell infiltration was predominantly in M cases, while
activated T cell infiltration was in the IM cluster (and in lung squamous, also in MSL), as

seen in the training data.

[0342] Among other things, the present example demonstrates that immune infiltrate
information may be determined through analysis of gene expression data and correlated with
various tumor and gene expression subtypes (e.g., IM, M, MSL). In some embodiments,
methods provided herein may be used to determine immune infiltrate levels for a particular
tumor type without the need for a solid tumor biopsy. In some embodiments, immune

infiltrate information may be used to inform or select one or more therapies for a tumor. In
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some embodiments, immune infiltrate information may be used in combination with tumor
gene expression subtype data and/or Determal O scoring to inform or select one or more
therapies for a tumor. In some embodiments, immune infiltrate information may be used in
combination with tumor gene expression subtype data and/or Determal O scoring to identify
patients whose cancer may not be adequately met by existing therapeutic regimens, or

otherwise are strong candidates for novel drug discovery and development programs.

Example 17: Scoring based upon gene methylation

[0343] The present Example, among other things, demonstrates that gene
methylation status may be utilized in score prediction or other characterization of
technologies as described herein (e.g., assessment of likely responsiveness to 1O therap(ies),
selection and/or modification of administered therap(ies) (including combination
therap(ies)), monitoring of tumor development and/or evolution, etc).

[0344] Gene expression and gene methylation (Beta values — where beta 0 means
unmethylated and beta of 1 means fully methylated) datasets for five cancers were
downloaded from the genomic data commons (GDC) portal (https://portal.gdc.cancer.gov/)
using the Genomic Data Commons package in R. Assessed cancers included Bladder
Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Colon Adenocarcinoma
(COAD), Lung Adenocarcinoma (LUAD), and Lung squamous cell carcinoma (LUSC).
Subtype (IM, M, MSL) was calculated as previously described for each sample in the
dataset. Cancer datasets (BLCA, BRCA, COAD, LUAD and LUSC) were then split, with
5% of each dataset reserved to create a small validation set (n=130) and 95% concatenated

to create the training set (n=2026).

[0345] With the training set established, calculations were performed to generate the
spearman tho correlation coefficient between between each gene’s beta values across all
samples and subtype (IM, M, MSL), yielding three spearman rho values. Spearman rho
values with a p value of <.05 were removed from the set. Three lists of genes were
generated containing 75 genes with the highest spearman rho in a corresponding subtype
(e.g., 75 genes for each of IM, M, and MSL). A total of 214 unique genes were obtained
from this assessment. Genes whose methylation status (beta value) were highly correlated
with a particular subtype (IM, M, MSL) were selected as described in Example 15 and are
outlined in Table 29 below.
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[0347] Among other things, the present Example demonstrates that available gene
methylation data may be utilized, and, in some embodiments, combined with the 101 gene
signature, to produce a model to classify genes with abnormally high methylation levels
(e.g., as compared to a reference) into a particular signature type (e.g., IM, M, MSL). In
some embodiments, this model may be used to assess a sample of interest (e.g., tumor
sample from a subject, blood and/or plasma sample from a subject) for gene methylation
status (e.g., relative to a reference) in order to assess IM, M, and MSL signature levels. In
some embodiments, assessment of gene signature levels could be leveraged to create a gene
methylation-specific scoring system to inform selection and/or modification of therapy (e.g.,

ICI therapy, chemotherapy, etc.).

[0348] For example, in some embodiments, a tumor sample with one or more
methylated genes correlating to a particular subtype (e.g., M, MSL) could be treated with
one or more therapies to reduce or inhibit methylation (e.g., methyltransferase inhibitor,
demethylase) and shift tumor status to a different subtype (e.g., IM). In some embodients,
one or mroe therapies to reduce or inhibit methylation (e.g., methyltransferase inhibitor,
demethylase) may be combined with one or more additional therapies (e.g., ICI therapy,

chemotherapy, etc.).
Example 18: Scoring based upon gene methylation

[0349] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with promoter and/or gene methylation and expression
level and may be utilized for and/or included in assessments of subjects and/or their immune

statuses and/or responsiveness to therapy.

[0350] Potential promoter regions were identified using R (version 4.2.1) and the
package GenomicFeatures and the TxDb.Hsapiens.UCSC.hg19.knownGene annotation
package, applied to breast cancer data was from the TCGA. Potential promoter regions 100
kb upstream from the start of gene were selected for further analysis. Methylation probes for

the promoter regions of the genome were then selected.

[0351] Each individual tumor sample was mapped to one or more of the IM, M, and
MSL subtypes as described herein. Samples were then grouped to perform three different

sets of comparisons: Group 1) Samples with an IM subtype as compared to those with an M
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or MSL subtype; Group 2) Samples with an IM subtype as compared to those with an MSL
subtype; and Group 3) Samples with an MSL subtype as compared to those with an M
subtype.

[0352] For each group, a logistic regression model was fit for each gene to identify
candidate genes that could be drivers of transition from one immune state to another (e.g.,
IM to M / MSL or vice versa (Group 1 above), IM to MSL or vice versa (Group 2 above), M
to MSL or vice versa (Group 3 above)). Each model used the promoter with largest standard
deviation in methylation beta values as the feature to predict subtype. The p-value for the
feature was stored for each of these models. A Benjamin-Hochberg correction was applied
to select the “best” models. A linear regression model was then generated for each probe to
predict gene expression based upon methylation value. These analyses were intended to
confirm that methylation status of a promoter corresponds to expression of a potential target
gene. Mean absolute percentage error (MAPE) was calculated and stored for each model.
Genes whose MAPE was in the bottom quantile of each Group were kept for further

analysis, as shown in Table 30, Table 31, and Table 32 below.
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[0356] The UniProt web API was then searched for genes from the analyses above
(Table 30, Table 31, Table 32) with an associated keyword of “disease variant,” with results
shown in Table 33, Table 34, and Table 35 below. Additionally, the Targetome database
was utilized to determine which identified genes are also targets for one or more cancer
therapies, as shown in Table 36, Table 37, and Table 38 below. Genes that contained the
keyword of interest or were in the Targetome database were identified as genes of high

interest for potential modulators of the immune state transition.

[0357] Table 33: Gene list produced after keyword filtering of Group 1 genes.
Gene
ARHGEF10 AMPD2 CSNKI1AIL FOXREDI CRX TNPO2 MLH1 KRTS
TPRKB GUSB BBS7 MAP3K11 HTR6 MAPK6 IRXS GRHL2
SLC25A46 SLC36A2 SLC33A1 DDRI1 PNLIP GSS STK38L MAF
ALDH7A1 CXCR4 NEU1 AGK DSPP PTK2 DNMT3A FAMI111A
KDR TRIOBP EPHB4 DPH2 PPPIR15B POLRIC NDUFS2 RARA
COMT SH3BP2 NDUFAF3 GPATCH3 RPS6KA1 CST3 VARS2 FAR1
STT3A MLH3 ACTL6A CIZ1 GAB1 PRKAG2 IRF6 RPS6KA2
CARDS TRAF3IP2 NR2F2 HSD3B7 EIFSA HERC2 SHMT?2 HIPK 1
MCM2 SPARC LAMB?2 ATCAY ANKRDI11 POLG2 YIPFS MAX
PYROXDI1 EPB41L1 MAP3K 13 ABHDI12 TXNRD1 ATNI1 NSUN3 PSMB7
GTF2HS NDUFA6 MKS1 PIGC HSD17B4 KDM3B WIPI2 PPOX
TGFBI CFL2 ACVRLI1 RABI1B LYN SFTPA1 GC COLIAl
LAMA4 STK36 GLUL MKNK?2 ECE1 COASY LMNA CRELDI
TPM3 PKN1 TCF12 NDUFC2 POGZ STK16 ITGB2 PTPN12
TMEMG63A HLCS KIF22 RRP7A TGFBR2 IFT122 TFAP2A TPM1
FLADI LDLR C1QC MTUS1 NET1 ALDOA CPT2 ANKH
TRAK1 MADIL1 LPIN2 VIM KRT85 SMAD3 PGAP2 MFN2
PNPLA2 B3GNT6 GNB2 PURA CDK2 UBAS NDUFS3 ROBO4
RUNX1 SELENBP1 DHCR24 PHOX2A SLCI1A2 GHI1 BCR ELOVLS
PEXS5 0OTX2 FKBP10
[0358] Table 34: Gene list produced after keyword filtering of Group 2 genes.
Gene

CRELDI PNPLA2 | NETI1 RRP7A CST3 CXCR4 B3GNT6 TGFBR2

PSMBS8 SMAD3 CFL2 AGK MAX DHCR24 KRT85 MAP3K11

ALDH4A1 | CARDS TPM1 MADIL1 PMP22 VARS2 PKNI1 POLRIC

KRT8 LPIN2 PIGC SPARC COMT GC TRAK1 STT3A

C1QC DDRI1 ABHD12 ATCAY SELENBP1 | PEXS TPRKB PPOX

BCR AXL GSS NDUFAF3 | ALDH7A1 TPM3 TMEM63A | GH1
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EPHB4 ITGB2 YIPFS MLH3 TRIOBP IRXS IRF6 MKS1
ALDOA NDUFS2 | PTK2 CIS NDUFS3 EPB41L1 STK36 IFT122
ALX3 GRHL2 TXNRDI1 TFAP2A LYN KDM3B RPS6KA1 ANKH
COASY LMNA CRX LDLR TRIO SLC25A46 | VIM UBAS
ACTL6A LAMA4 ANKRDI11 | ELOVLS MTUSI1 TGFBI CIZ1 HIPK 1
SH3BP2 FLADI1 APC TRAF3IP2 | NR2F2 STK38L RPS6KA2 PPPIR15B
PURA FBX038 [ HLCS HERC2 CSNKI1AIL | BBS7 PRKAG2 PSMB7
SFTPAL PGAP2 FKBP10 POLG2 FAMI11A EIFSA PTPN12 RARA
OTX2 CDK2 HTR6 ATNI1 COL6A3 WIPI2 MAP3K13 MRPL3
PNLIP DSPP ATM TNPO2 KDR COL1A1 NSUN3 MCM2
GTF2HS FOXE3 SLC36A2 FOXREDI1 | NDUFA6 NDUFC2 SLC33A1 SLC11A2
SHMT?2 LAMB2 NEU1 RUNX1 ACVRL1 KNG1 GABI AMPD2
GSN GUSB CPT2 DNMT3A KIF22 BANF1 MKNK?2
[0359] Table 35: Gene list produced after keyword filtering of Group 3 genes.
Gene

BCAS3 | SELENBP1 | SIRT6 MORC2 | SLC38A8

ECEl1 RABI11B MRPL3 HECW2 STK38L

T™MCO1 | POGZ PRKACA DNAJCS5 | AHR

ATM TGFBR2 GRHL2 CYB561

GNB2 AIPL1 HNF1B EIF5A

TIP2 PNLIP ALDH7AL | FKBP10

RPLIOL | HEXA TCF12 ALDOA

1IFT122 PDXK GSN SRC

SIAH1 [ NIPAL KDM3B RNF220

[0360] Table 36: Gene list filtering Group 1 genes for those identified as targets for

one or more cancer therapies.

Gene
KDR PKNI1 ACVRLI1 MKNK?2 LYN PTK2 RARA
COMT CSNKI1AIL C1QC HTR6 TGFBR2 | STK16 RPS6KA2
CXCR4 | EPHB4 MAP3K11 | RPS6KAl | CDK2 STK38L | HIPK1
STK36 MAP3K13 DDR1 TXNRD1 MAPKG6 BCR PSMB7
[0361] Table 37: Gene list filtering Group 2 genes for those identified as targets for
one or more cancer therapies.
Gene
PSMBS [ DDR1 | TXNRD1 | LYN CXCR4 RPS6KAL TGFBR2
C1QC AXL HTR6 CSNKI1AIL STK38L | RPS6KA2 MAP3K11
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BCR CDK2 [ CIS KDR PKNI1 MAP3K13 HIPK1
EPHB4 | PTK2 | COMT ACVRLI1 STK36 | MKNK2 PSMB7
RARA
[0362] Table 38: Gene list filtering Group 3 genes for those identified as targets for

one or more cancer therapies.

Gene
TGFBR2 SRC AHR
PRKACA STK38L

[0363] In some embodiments, the present example demonstrates that methylation
status of certain genes and/or gene promoters may increase IM, M, and/or MSL character of
a tumor. In some embodiments, changes in methylation status (e.g., increased or decreased
methylation) of certain genes and/or gene promoters may drive a change in subtype
character of a tumor. In some embodiments, changes in methylation status (e.g., increased or
decreased methylation) of certain genes and/or gene promoters may drive a change from M
and/or MSL subtype to IM subtype. In some embodiments, a treatment may be selected to
produce changes in methylation status for certain genes and/or gene promoters , for example

in order to increase or decrease methylation of genes associated with IM (e.g., potentially

increasing IM subtype character of a tumor and/or DetermalO scoring).
Example 19: Assessment of data from miRNA targeting exemplary gene sets

[0364] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with pre-miRNA expression data and utilized for and/or
included in assessments of subjects and/or their immune statuses and/or responsiveness to

therapy.

[0365] A list of pre-miRNAs was generated as outlined in Example 13 above (see
Table 14). Expression levels of miRNAs of interest were used to build a linear regression
model predicting continuous DetermalO score. An optimal threshold was calculated using
an f-1 score curve to see if such continuous scores could be mapped to a binary DetermalO
call. With a threshold of .021, a precision of 80% was achieved on the validation set and
75% for the blind test set when using expression of selected pre-miRNA to predict mRNA
expression-based DetermalO call (Figure 20, parts A-B). The same process was repeated for

the list of mature miRNAs previously described in Example 13 above (see Table 21B).
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[0366] miRNAs of interest were also entered into the IntAct database from EMBL
EBI. Results were filtered to show entries in which interation was between an miRNA of
interest and genes of interest disclosed in the present application. Another filtering step
narrowed the list to include either: 1) immune “cold” miRNAs (mapping to an M or MSL
subtype) that interact with an immune “hot” gene (mapping to an IM subtype); or 2) immune
“hot” miRNAs (mapping to an IM subtype) that interact with an immune “cold” gene

(mapping to an M or MSL subtype). Resulting miRNAs of interest are outlined in Table 39

below.
[0367] Table 39: Hot and cold miRNA / gene interaction pairs.
Alias(es) interactor | Alias(es) interactor
A B Interaction type(s)
hsa-mir-29a-3p mma_igfl psi-mi;"MI:0915"(physical association)
mrma igfl hsa-mir-142-5p psi-mi:"MI:0915" (physical association)
mrna_zeb2 hsa-mir-142-3p psi-mi;"MI:0915"(physical association)
mrna_zeb2 hsa-mir-142-3p psi-mi;:"MI:0915" (physical association)
hsa-mir-155-5p mrna_zeb2 psi-mi;"MI:0915"(physical association)
[0368] In some embodiments, a tumor sample (e.g., obtained through liquid biopsy,

tissue biopsy, etc.) may be assessed to determine expression level of one or more classified
pre-miRNAs as described herein. In some embodiments, treatments targeting or inhibiting
miRNAs (e.g., pre-miRNAs, mature miRNAs, combinations thereof) classified under a
different subtype as compared to one or more target genes could produce a shift in mRNA
levels for said one or more target genes, resulting in changes in tumor signatures and/or 10
scoring. For example, in some embodiments, treatment targeting or inhibiting miRNA (e.g.,
pre-miRNA, mature miRNA, combinations thereof) classified as one subtype (e.g., M,
MSL) targeting a gene classified as a different subtype (e.g., IM) could produce an increase
in overall IM signature for a tumor and result in an increased 1O score. In some
embodiments, treatment targeting or inhibiting miRNA (e.g., pre-miRNA, mature miRNA,
combinations thereof) classified as one subtype (e.g., IM) targeting a gene classified as a
different subtype (e.g., M, MSL) could produce an increase in overall M or MSL signature
for a tumor and result in a decreased 1O score. In some embodiments, information obtained
from miRNA (e.g., pre-miRNA, mature miRNA, combinations thereof) assessment can be
used to inform treatment decisions — e.g., selection and/or modification of therapy. In some

particular embodiments, information obtained from miRNA (e.g., pre-miRNA, mature
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miRNA, combinations thereof) assessment can be used to inform selection and/or
modification of combination therapies (e.g., additional therapy in combination with ICI
therapy). In some embodiments, information obtained from matched data sets can be used
to inform selection and/or modification of therapies, and in particular of combination
therapies (e.g., additional therapy in combination with ICI therapy) based upon changes in
10 scoring. In some embodiments, treatment targeting or inhibiting miRNA (e.g., pre-
miRNA, mature miRNA, combinations thereof) could be combined with one or more

therapies (e.g., chemotherapy, ICI, etc.) based upon changes in IO scoring.
Example 20: Assessment of interactions within exemplary gene sets

[0369] The present Example, among other things, demonstrates that gene/gene
interactions may be assessed within exemplary gene sets generated through methods
disclosed herein in order to determine respnosiveness to therapy and/or select one or more

therapies.

[0370] A set of genes generated through centroid modeling methods disclosed herein
and in Example 11 were entered into the IntAct database from EMBL EBI. Results were
filtered to generate a list of gene interactions and then further filtered to produce a list of
interactions between an immune “hot” (IM) and immune “cold” (M, MSL) gene. These

interactions are outlined in Table 40 below.

[0371] In some embodiments, gene interactions (e.g., between an immune “hot” and
immune “cold” gene as described herein) may inform selection of one or more therapies. For
example, in some embodiments, increased expression of an immune “cold” (M, MSL) gene
with a known interaction with an immune “hot” (IM) gene may inform selection of one or
more therapies intended to suppress the immune “cold” gene. In some embodiments, one or
more therapies intended to supporess the immune “cold” gene may be combined with
another therapy (e.g., ICI therapy). In some embodiments, increased expression of an
immune “cold” (M, MSL) gene with a known interaction with an immune “hot” (IM) gene
may be combined with DetermalO scoring to inform selection of one or more therapies (e.g.,

ICI therapy).
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Example 21: Assessment of tumor immune infiltrate signatures

[0373] The present Example, among other things, demonstrates that classifications
provided herein can be correlated with tumor immune infiltrate types and may be utilized
and/or included in assessments of subjects and/or their immune statuses and/or

responsiveness to therapy.
[0374] Preparation of RNASeq datasets

[0375] Gene expression data sets from tumors in twenty tissue types (lung squamous
cell, lung adenocarcinoma, breast, ovarian, kidney clear cell, head and neck, prostate,
melanoma, colon, bladder, pancreas, kidney papillary, sarcoma, rectal, B cell lymphoma,
kidney chromophobe, esophageal, stomach cancers, thymoma, and acute myeloid leukemia)
were downloaded from the US NIH Genomic Data Commons Portal
(https://portal.gdc.cancer.gov/). Additionally, murine RNAseq data from the ImmGen
projects GSE109125 (Yoshida, Lareau et al. 2019) and GSE122108 (ImmGen 2016) were
downloaded. The first dataset, GSE109125, are primary RNAseq data for 103 highly
purified immunocyte populations representing all lineages and several differentiation
cascades, profiled using the ImmGen ULI pipeline. The second dataset, GSE122108 are
primary RNASeq data for progenitor, resident, and stimulated (C.alb, LPS, injury, APAP+

starved overnight and pIC) mononuclear phagocytes from fourteen organs.

[0376] Each tumor’s gene expression data was processed identically. Experiment
data was converted to a DGE list using the R (version 4.1.1) function SE2DGEList in the
edgeR package(Robinson, McCarthy et al. 2010). Duplicate genes were reduced to a single
gene by selecting the gene with the maximum standard deviation across all samples in the
data set. Mouse gene names were converted to human orthologs using biomaRt(Durinck,
Spellman et al. 2009). When there was gene duplication in orthologs, the gene with greatest
homology with a human ortholog was retained. HUGO Gene Nomenclature Committee
(HGNC) names for each gene were added using the biomarRt package. Genes without a
HGNC designation were removed from the analysis. Using TMM normalization in the
EdgeR package, normalization factors were calculated, applied, and log2 transformed counts
per million (cpm) were determined for each gene for each sample. The distribution of cpm

and the standard deviation of genes across samples was plotted, and cutoffs determined to
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remove very low expressing genes. Samples were then renormalized using TMM after these

genes were removed.

[0377] Potential confounding effects due to the institution from which a tumor
sample was acquired was addressed by removing batch effect based on the tissue source site
using the EdgeR package. To combine the two ImmGen datasets, each was batch corrected
in edgeR, but finding no differences in models created using batch corrected and unaltered
expression data, no batch correction was employed for final models using ImmGen data.
The normalized and batch corrected gene expression human data sets were randomly
combined into a 2/3 training, 1/3 test set with tumors balanced for tumor type between the
two sets, without shared institutions between the two. This resulted in 4696 tumor samples
in the training set, and 2195 samples in the test set. This gene expression data set is referred

to herein as TCGA20.
[0378] Creation of ImmGen-derived signatures

[0379] One set of immune cell signatures was created from defined mouse immune
cell populations. Gene expression data from the ImmGen public consortium
(www.immgen.org) was downloaded. These data are derived from defined and purified
mouse cells using the ImmGen ULI GSE109125 and GSE122108 data sets. Gene names
were translated into human homologs, and when duplicate genes were present, those with
maximum standard deviation across all lines were selected. To allow the applicability of
models created using the ImmGen data to human tumors, this list of genes was limited to
those that were present in both the TCGA20 and ImmGen dataset (N=14,611). Genes were
further limited to those that Ensembl had scored as having a high confidence for the
orthology (mmusculus homolog orthology confidence = 1), resulting in 14094 genes.
ImmGen cell populations were grouped according to cell type, and also subdivided based on
tissue of origin to identify potentially novel molecularly physiologically defined subtypes
via k-means clustering, with k being determined with factoextra (Kassambara and Mundt
2020) using the elbow method (within total sum of squares). An elastic net (Friedman,
Hastie et al. 2010) was used with lambda being set so that models contain at least five genes
(unbounded on the upper end). The selected genes and coefficients for these models are
shown in Table 41A.
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[0381] Each tumor’s gene expression data was processed identically. Experiment
data was converted to a DGE list using the R (version 4.1.1) function SE2DGEList in the
edgeR package(Robinson, McCarthy et al. 2010). Duplicate genes were reduced to a single
gene by selecting the gene with the maximum standard deviation across all samples in the
data set. Mouse gene names were converted to human orthologs using biomaRt(Durinck,
Spellman et al. 2009). When there was gene duplication in orthologs, the gene with greatest
homology with a human ortholog was retained. HUGO Gene Nomenclature Committee
(HGNC) names for each gene were added using the biomarRt package. Genes without a
HGNC designation were removed from the analysis. Using TMM normalization in the
EdgeR package, normalization factors were calculated, applied, and log2 transformed counts
per million (cpm) were determined for each gene for each sample. The distribution of cpm
and the standard deviation of genes across samples was plotted, and cutoffs determined to
remove very low expressing genes. Samples were then renormalized using TMM after these

genes were removed.
[0382] Creation of working set of immune markers.

[0383] Genes that are differentially expressed in specific immune cell types were
nominated from a variety of published sources. To validate the given association of the
genes with immune cell types, RNASeq data from defined mouse immune cell populations
from the ImmGen project GSE109125 (Yoshida, Lareau et al. 2019) and GSE122108
(ImmGen 2016) and defined human immune cell populations GSE22886 (Abbas, Baldwin et
al. 2005) were used. As definitions of immune cell type differed between studies, the cell
types were simplified to B lymphoid, non-B lymphoid, and myeloid types. A Student T-test
was used to determine if the expression in the corresponding category of defined cells was
greater than expected by chance. Genes with a positive T score and a p value less than 0.05
in either the mouse or human RNASeq data sets were retained for further use, resulting in
680 immune markers. To keep the number of markers for each cell type balanced as some
cell types had a markedly greater number of nominated markers than others, the genes were
ranked by p value and a maximum of 24 markers (mean of number of genes associated with
each specific cell type, e.g. “M2D macrophage’) were retained. If the number of genes

within a particular annotation was less than 12 (1st quartile of genes associated with each
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cell type), then no attempt was made to model that cell type. Published sources for certain

genes used for model building in the present disclosure are presented in Table 41B.

[0384]

used for model building,

Table 41B: Published sources from which candidate immune genes were

Source

Link or publication information

CellMarker

Congxue Hu, Tengyue Li, Yingqi Xu, Xinxin Zhang, Feng Li, Jing Bai,
Jing Chen, Wengqi Jiang, Kaiyue Yang, Qi Ou, Xia Li, Peng Wang,
Yunpeng Zhang, CellMarker 2.0: an updated database of manually
curated cell markers in human/mouse and web tools based on scRNA-
seq data,i;, 2Nucleic Acids Research, Volume 51, Issue D1, 6 January
2023, Pages D870i; 2D876.,i; 2

https://protect-
us.mimecast.com/s/gls7CPN6MGtZgvApC6p2C_?domain=doi.org

Pangluo DB

Oscar Franzi; Yn, Li-Ming Gan, Johan L M

Bji;, Yorkegren,i; 2PanglaoDB: a web server for exploration of mouse
and human single-cell RNA sequencing data,i;, 4Database, Volume
2019, 2019, baz046,i; Y2doi:10.1093/database/baz046

BIORAD

https://protect-
us.mimecast.com/s/xu_iCQWANXC9VB40UA9brP?domain=bio-rad-

antibodies.com

Macrophage Polarization - Mini-review
| Bio-Rad (https://protect-
us.mimecast.com/s/KOY4CR68MXCQ
YnP2fQhJOT?domain=bio-rad-

antibodies.com)

bio-rad-antibodies.com

Wang LX, Zhang SX, Wu HJ, Rong
XL, Guo J. M2b macrophage
polarization and its roles in diseases. J
Leukoc Biol. 2019;106(2):345-358.

Wang LX, Zhang SX, Wu HJ, Rong XL, Guo J. M2b macrophage
polarization and its roles in diseases. J Leukoc Biol. 2019;106(2):345-
358.

Jablonski KA, Amici SA, Webb LM, et
al. Novel Markers to Delineate Murine
M1 and M2 Macrophages. PLoS One.
2015:10(12)

Jablonski KA, Amici SA, Webb LM, et al. Novel Markers to Delineate
Murine M1 and M2 Macrophages. PLoS One. 2015;10(12)
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Trombetta AC, Soldano S, Contini P, et
al. A circulating cell population
showing both M1 and M2
monocyte/macrophage surface markers
characterizes systemic sclerosis patients
with lung involvement. Respir Res.
2018;19(1):186.

Trombetta AC, Soldano S, Contini P, et al. A circulating cell
population showing both M1 and M2 monocyte/macrophage surface
markers characterizes systemic sclerosis patients with lung
involvement. Respir Res. 2018;19(1):186.

Jablonski KA, Amici SA, Webb LM, et
al. Novel Markers to Delineate Murine
M1 and M2 Macrophages. PLoS One.
2015:10(12)

Jablonski KA, Amici SA, Webb LM, et al. Novel Markers to Delincate
Murine M1 and M2 Macrophages. PLoS One. 2015;10(12)

Jablonski KA, Amici SA, Webb LM, et
al. Novel Markers to Delineate Murine
M1 and M2 Macrophages. PLoS One.
2015;10(12)

Jablonski KA, Amici SA, Webb LM, et al. Novel Markers to Delineate
Murine M1 and M2 Macrophages. PLoS One. 2015;10(12)

Wang LX, Zhang SX, Wu HJ, Rong
XL, Guo J. M2b macrophage
polarization and its roles in diseases. J
Leukoc Biol. 2019;106(2):345-358.

Wang LX, Zhang SX, WuHJ, Rong XL, Guo J. M2b macrophage
polarization and its roles in diseases. J Leukoc Biol. 2019;106(2):345-
358.

J Immunol. 2016 March 15; 196(6):
28471;'.2859.

Poczobutt JM, De S, Yadav VK, Nguyen TT, Li H, Sippel TR, Weiser-
Evans MC, Nemenoff RA. Expression Profiling of Macrophages
Reveals Multiple Populations with Distinct Biological Roles in an
Immunocompetent Orthotopic Model of Lung Cancer. J Immunol.
2016 Mar 15;196(6):2847-59. doi: 10.4049/jimmunol. 1502364. Epub
2016 Feb 12. PMID: 26873985, PMCID: PMC4779748.

Macrophage Polarization - Mini-review
| Bio-Rad (https://protect-
us.mimecast.com/s/KOY4CR68MXCQ
YnP2fQhJOT?domain=bio-rad-

antibodies.com)

Macrophage Polarization - Mini-review | Bio-Rad (https://protect-
us.mimecast.com/s/KOY4CR68MXCQY nP2fQhJOT?domain=bio-rad-

antibodies.com)

Tumor Associated Neutrophils. Their
Role in Tumorigenesis, Metastasis,
Prognosis and Therapy (https://protect-
us.mimecast.com/s/IfjiCVOIJSWiXB0jG
SEuhiF?domain=nih gov)

Masucci MT, Minopoli M and Carriero MV (2019) Tumor Associated
Neutrophils. Their Role in Tumorigenesis, Metastasis, Prognosis
and Therapy. Front. Oncol. 9:1146. doi: 10.3389/fonc.2019.01146
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Wang X, QiuL, Li Z, Wang XY, Yi H. Wang X, Qiu L, Li Z, Wang XY, Yi H. Understanding the Multifaceted
Understanding the Multifaceted Role of | Role of Neutrophils in Cancer and Autoimmune Diseases. Front
Neutrophils in Cancer and Autoimmune | Immunol. 2018;9:2456.

Diseases. Front Immunol. 2018;9:2456.

Morgan A. Giese, Laurel E. Hind, Anna | Morgan A. Giese, Laurel E. Hind, Anna Huttenlocher; Neutrophil
Huttenlocher, Neutrophil plasticity in plasticity in the tumor microenvironment. Blood 2019; 133 (20):
the tumor microenvironment. Blood 2159i;,'42167.

2019; 133 (20): 2159%i,,42167.

BioCompare https://protect-
us.mimecast.com/s/wb7KCW6Ww 1Cx3zwJIOCL _r?domain=biocomp

are.com

[0385] Creation of network modeling of shared immune genes

[0386] Gene expression data for the training sets of solid tumors in the TCGA20
(lung squamous cell, lung adenocarcinoma, breast, ovarian, kidney clear cell, head and neck,
prostate, colon, bladder, pancreas, kidney papillary, rectal, kidney chromophobe,
esophageal, stomach cancers) were each individually scaled. The RNASeq exression data
sets were limited to the immune markers as described (N=758). These scaled data sets were
then fuzzy clustered using fclust (Ferraro, Giordani et al. 2019), with k=15. Clusters of
genes identified by this process were limited to genes whose expression was three standard
deviations above the mean for all genes. Clusters were only selected for further use if they
contained at least five genes. These selected clusters for all fifteen tumors were combined
and then used to create a network, and clusters of genes were defined by the cluster louvain
function in igraph (Blondel, Guillaume et al. 2008). Each set of genes defined in these
network models were named based on annotation of the contributing genes in terms of their
curated association with immune cell types Weights for each gene in a network signature
were derived using the mean of all fuzzy clustering gene scores. Samples are scored with
these models via a determining of the weighted mean score for each sample using the genes

of each network signature set. Genes and coefficients are presented in Table 42.
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[0388] Derivation of TIME genes for clustering

[0389] To build a gene set for examination of the TIME via clustering that
encompasses the diverse genes that might play a role in the TIME in multiple tumor types,
TCGA data for eighteen tumor types (lung squamous cell, lung adenocarcinoma, breast,
ovarian, kidney clear cell, head and neck, prostate, melanoma, colon, bladder, pancreas,
kidney papillary, sarcoma, rectal, B cell lymphoma, kidney chromophobe, esophageal and
stomach cancers) were compared to the immune-modulatory, mesenchymal stem like, and
mesenchymal TIME subtypes as defined by a 101 gene centroid previously described (Ring,
Hout et al. 2016). In an examination of all possible sets of three distinct tumor types among
the eighteen tumors, the union of the top 1,000 genes most highly correlated with each
subtype were retained for each set of three tumors. These union gene data sets were sorted
by the Euclidean distance of the IM, MSL and M clusters, and the top ranked gene sets that
included all the eighteen tissues were retained. Gene sets that resulted in skewed cluster
sizes which could generate high distances were identified as the standard deviation of the
number of genes or tumors divided by the mean of the number of genes or tumors, and gene
sets with a value less than 0.7 were not included, resulting in fifteen gene sets. In addition, a
list of 27 genes previously described for the identification of the immuno-modulatory tumor
environment (Nielsen, Ring et al. 2021) were added, resulting in a final unique gene list with

N=2,967.
[0390] Validation of ImmGen-derived models

[0391] The ImmGen derived models were validated using defined human immune
cell populations GSE22886 (Abbas, Baldwin et al. 2005) and GSE74246 (Corces,
Buenrostro et al. 2016). A Student T test was used to determine if the average score for a
signature was greater than expected in either the signature's specific cell type (when data
was available), or for the lineage of the signature (lymphoid or myeloid). All signatures not
further refined by k-means subclasses or tissue of origin were significant when grouped by
lineage (lymphoid or myeloid origins) in at least one data set. Those that were significant on
both data sets were most of the non-refined signature sets: alpha-beta T cells, mature B cells,
all B cells, dendritic cells, granulocytes, and macrophage cells. The CD8+ T cell and

gamma-delta T cell models were not significant in both data sets.
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[0392] Description of network models of co-expressed immune markers in relation

to other immune signatures

[0393] In addition to the ImmGen-derived signatures, signatures were also created to
identify potential populations of immune cells that may co-infiltrate tumors. These
signatures used genes previously declared to be markers for diverse immune cell types and
were validated on mouse and human RNASeq data sets of defined cell populations Sets of
co-expressed genes across fifteen different tumor types were identified, resulting in eight
signatures (Figure 21). These signatures all contained mixtures of immune markers, except
for one which was comprised almost entirely of B cell markers (Table 43). However, the
genes largely grouped into sets of genes attributed primarily to myeloid, non-B lymphoid, or
B cell lineage. These lineage attributions were used to name the signatures, though it should

be recognized that these signatures are associated with multiple immune cell types.

[0394] Table 43: Number of unique annotations for different immune cell signatures

in each lineage.

non-B cell

Signature B cell lineage | lymphoid lineage Myeloid lineage

B cells 21 1 0

non-B

Lymphoid 1 6 12 6

non-B

Lymphoid 2 2 8 8

non-B

Lymphoid 3 1 20 1

Myeloid 1 1 1 20

Myeloid 2 3 3 16

Myeloid 3 1 8 13

Myeloid 4 1 1 19
[0395] To further describe the network signatures, they were compared to the

signatures derived from the ImmGen data sets across 7,162 samples comprised of 20 tumor
types from The Cancer Genome Atlas (Figure 22). Each network signature was compared to
all the ImmGen-derived signatures and the correlation of each was contrasted with the
correlation of each ImmGen signature to the 27 gene DTIO score previously described for
the identification of the immuno-modulatory tumor environment (Nielsen, Ring et al. 2021).
In a similar manner, the network signatures were compared to the xCell signatures (Figure

23).
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[0396] These comparisons demonstrate and validate that the novel network
signatures described herein accurately identify and classify immune infiltrates. As seen in
Figure 23, the B cell signature is highly correlated with three xCell B cell signatures, which
also are highly correlated with the DTIO score. Diversity between the signatures is shown in
these comparisons. The myeloid signature 1 is correlated with three xCell macrophage
signatures, as well as a dendritic and monocyte signature, while myeloid signature 4 is
associated with two of those xCell macrophage signatures, as well as a granulocyte,
monocyte and CD4+ T cell signature. Some of these associated signatures have low
correlation with DTIO, suggesting that these network signatures are potentially identifying
aspect of the infiltrate population not captured by DTIO. Similarly, the non-B lymphoid
network signatures are correlated most strongly with xCell lymphoid signatures, though
significant correlations with myeloid signatures are found in all these models. For example,
the model non-B lymphoid 2 correlated with a CD8+ and CD4+ T cell signatures, but also

with two granulocyte signatures, both of which have a low correlation with DTIO.
[0397] Distribution of network signatures between tumor tissue and TIME subsets

[0398] To examine the variation in the prevalence of the tumor samples with high
network signature score between tissues and TIME subtypes, the relative proportion of
tumor samples have a network signature score higher than the 70th percentile were
determined. The samples for a tumor set from The Cancer Genome Atlas (TCGA) were
defined as IM, MSL or M subtypes using the 101 gene centroid, as previously
described(Ring, Hout et al. 2016). The tumor data was further refined as belonging to the
733 breast samples used for model derivation (training set) or the 359 breast samples
reserved as a test set (Figure 24 A), the 350 lung adenocarcinoma samples used for model
derivation (training set) or the 165 lung adenocarcinoma tumors reserved as a test set
(Figure 24B), the 352 lung squamous cell carcinoma samples used for model derivation
(training set) or the 149 lung squamous cell carcinomas reserved as a test set (Figure 24C),
the 299 colon carcinoma samples used for model derivation (training set) or the 157 colon
carcinoma samples reserved as a test set (Figure 24D), and the 270 bladder carcinoma
samples used for model derivation (training set) or the 138 bladder carcinoma samples

reserved as a test set (Figure 24E).
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[0399] Similar proportions of positive samples were seen in both training and test
sets in the IM, MSL and M subsets, indicating that the models give consistent results. In
adenocarcinoma of the lung, the non-B lymphoid signature 1 had proportions of 0.446 and
0.406 in the IM train and test sets, and 0.271 and 0.255 in the MSL train and test sets (and 0
in both the M subsets). Similarly, the B lymphoid signature had proportions of 0.489 and
0.473 in the IM train and test sets, and 0.257 and 0.194 in the MSL train and test sets (and
<0.01 in both the M subsets). In breast carcinoma, the non-B lymphoid signature 1 had
proportions of 0.117 and 0.111 in the IM train and test sets, 0.138 and 0.167 in the MSL
train and test sets, and 0.027 and 0.028 the M subsets. Similarly, the B lymphoid signature in
breast had proportions of 0.109 and 0.106 in the IM train and test sets, 0.147 and 0.175 in
the MSL train and test sets, and 0.046 and 0.047 the M subsets.

[0400] However, different proportions were observed between TME subtypes, and
between tissues, suggesting that different tumors have different populations of infiltrating
immune cells. As expected, IM subtype samples had the greatest prevalence of immune
signatures, and M the least. The myeloid signatures frequently had a strong presence in MSL
subtype samples, and this relatively increased prevalence also showed variation between
tissues. In adenocarcinoma of the lung (Figure 24B), the myeloid 1 signature had a
prevalence of 0.251 and 0.218 (train and test) in the MSL subtype, while in lung squamous
cell carcinoma the proportions were much lower, at 0.085 and 0.087 (train and test) in the
MSL subtype samples. Among other things, this example demonstrates that the TME has a

strong role in determining tumor immune infiltrate composition.

[0401] Distribution of the network signatures in relation to the tumor immune
microenvironment
[0402] To describe the variation in gene expression and distribution of tumor types

in relation to the tumor immune microenvironment, we clustered tumor samples comprising
20 tumor types from The Cancer Genome Atlas (TCGA; https://portal. gdc.cancer.gov/)
using the training set of cases. A list of 2,967 genes derived (as described herein) to
highlight distinct molecular physiologies across the TIME expression landscape were used
for clustering. Genes and tumor samples were initially grouped by their correlation to the
IM, MSL and M tumor subtypes, and then hierarchically clustered. Annotation of genes by

protein families is shown, and each tumor sample is annotated with the correlation to the IM,
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MSL and M subtypes using the 101 gene centroid models, as well as the 27 gene DTIO
score and call. Clusters using the 4,883 training samples (Figure 25A), the 2,279 test
samples (Figure 25B), and the complete set of 7,162 samples (Figure 25C) are shown.

[0403] The distribution of the lymphoid and myeloid network signatures in relation
to these clusters is shown for the training samples (Figure 26 A and Figure 26B), the test
samples (Figure 26C and Figure 26D), and all samples (Figure 26E and Figure 26F). The
score of the network signatures is shown, and large peaks above their mean value are
highlighted. To identify groups of tumors in which DTIO may not be capturing information
about immune cell infiltrate presences, the degree of agreement for the signature and DTIO,
defined as the min-max normalization of the network score subtracted from the min-max

normalization of the DTIO score, was also shown.

[0404] There is considerable variation between the network signatures across the
TIME. The B cell, and non-B lymphoid signatures 1 and 3 show an overall similarity, but
non-B lymphoid signature is relatively distinct, especially in the MSL subset. The Pearson
correlation of the B lymphoid signature with DTIO across the training and set samples was
0.46 and 0.45, in non-B lymphoid 1 it was 0.51 and 0.50, and in non-B lymphoid 3 it was
0.64 and 0.63, while in non-B lymphoid 2 it was 0.38 and 0.37 (train and test sets). They
myeloid signature showed even greater differences with DTIO, with myeloid 2 and 3 have

correlations with DTIO of -0.06 and -0.01 (train and test) and 0.099 and 0.12 (train and test),

respectively.
[0405] Association of network signatures with outcome in ICI treated patients
[0406] To compare the association of outcome of several immune signatures, all

derived ImmGen and network signatures, as well as the immune signatures from the xCell
study, were applied to cohort 2 (platinum treated) of the Imvigor 210 trial (Suzman,
Agrawal et al. 2019). Significant signatures are shown in Table 44, and were assessed on a
bladder cohort (GSE176307)(Rose, Weir et al. 2021), and a melanoma cohort
(GSE91061)(Riaz, Havel et al. 2017). The melanoma cohort was analyzed both before
treatment with Nivolumab and after four weeks of treatment. Of the immune signatures that
were significant on the Imvigor 210 cohort, only DTIO and the two network signatures (B

cell signature and non-B lymphoid signature 3) were significant on the bladder and
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melanoma cohorts. It is interesting that the only xCell signatures to be significant in the
Imvigor cohort, and are also significant in the melanoma cohort, are T cell signatures, which
might have a relationship with the network model non-B Lymphoid 3, and plasma cells, and

may reflect the significance of the network B cell signature.
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[0408] The similar prognostic capabilities of DTIO and these two network signatures
can be observed in Kaplan-Meier plots of the overall survival of patients with high network
B cell signature and non-B lymphoid 3 scores (defined as above or below the mean of the
study population) was observed for two year overall survival in Imvigor (N=272) (Figure
27A and Figure 27B) and the other bladder cohort (GSE176307, N=89) (Figure 27C and
Figure 27D. As expected from the similarity in distributions of scores of these signatures

with DTIO, each captures much of the prognostic ability of DTIO.

[0409] Among other things, the present example demonstrates methods for
identification of novel immune infiltrate populations within tumor samples (e.g., within
tumor immune microenvironment (TIME)). In some embodiments, methods provided herein
may be used to determine immune infiltrate levels for a particular tumor type without the
need for a solid tumor biopsy. In some embodiments, immune infiltrate information
provided herein may be used to inform or select one or more therapies for a tumor. In some
embodiments, immune infiltrate information provided herein may be used in combination
with tumor gene expression subtype data and/or DetermalO scoring to inform or select one
or more therapies for a tumor. In some embodiments, immune infiltrate information
provided herein may be used in combination with tumor gene expression subtype data
and/or Determal O scoring to identify patients whose cancer may not be adequately met by
existing therapeutic regimens, or otherwise are strong candidates for novel drug discovery

and development programs.
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Equivalents
[0410] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the

above Description, but rather is as set forth in the following claims:
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Claims
We claim:
1. A method of treating cancer, the method comprising a step of:

administering immunomodulation therapy to subjects whose tumors have been determined
to be responsive to the immunomodulation therapy by assessment of both:

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof; and

(11) status markers of immunomodulatory (IM) status;
wherein the subtype markers are considered to indicate likely non-responsiveness to
immunomodulation therapy and the status markers are considered to indicate likely

responsiveness to immunomodulation therapy.

2. A method of assessing a tumor’s likely responsiveness to immunomodulation
therapy, which method comprises
(a) assessing both:

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof, and

(i1) status markers of immunomodulatory (IM) status; and
(b) calculating, by means of a computer, an 10 score by weighting the subtype markers as
likely to indicate non-responsiveness to immunomodulation therapy and the status markers
as likely to indicate responsiveness to immunomodulation therapy.
3. The method of claim 2, further comprising a step of administering the
immunomodulation therapy to a subject whose tumor has been determined to have an 10
score above a threshold established to correlate with responsiveness to the

immunomodulation therapy.
4. The method of claim 2, further comprising a step of administering an alternative

therapy to a subject whose tumor has been determined to have an IO score below a certain
threshold.
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5. The method of claim 3, wherein the immunomodulation therapy is selectively
administered to subjects whose tumors have been determined to have IO scores above a

certain threshold.

6. The method of claim 3, wherein the immunomodulation therapy is selected from the

ICI therapy, CAR-T cell therapy, neoantigen vaccine therapy, or combinations thereof.

7. The method of claim 4, wherein the alternative therapy is kinase inhibitor or other

tumor microenvironment modulating therapy.

8. A method of monitoring therapy administered to a cancer patient, the method
comprising steps of:
(a) at each of a plurality of time points, determining both

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof; and

(i1) status markers of immunomodulatory (IM) status;
wherein the subtype markers are considered to indicate likely non-responsiveness to
immunomodulation therapy and the status markers are considered to indicate likely
responsiveness to immunomodulation therapy, so that an 1O score representing the patient’s
likelihood of responding to the immunomodulation therapy is determined; and

(b) adjusting therapy in light of a change in the 10 score.

9. A method of treating a tumor, which method comprises steps of’
(a) at a first time point, assessing the tumor by determining both

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof, and

(i1) status markers of immunomodulatory (IM) status;
wherein the subtype markers are considered to indicate likely non-responsiveness to
immunomodulation therapy and the status markers are considered to indicate likely
responsiveness to immunomodulation therapy, so that an 10 score representing the tumor’s

likelihood of responding to the immunomodulation therapy is determined;
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(b) selecting therapy according to the IO score, wherein the selecting comprises:

(1) initiating or continuing immunomodulation therapy when the 10 score
meets a threshold determined to correlate with responsiveness to the immunomodulation
therapy; and/or

(i1) reducing or withdrawing the immunomodulation therapy and/or initiating
or continuing alternative therapy when the 10 score meets a threshold determined to

correlate with non-responsiveness to the immunomodulation therapy.

10. The method of claim 8, wherein an increase in IO score, or an 10 score greater than a
predefined threshold, indicates an increased likelihood of responding to the

immunomodulation therapy.

11. The method of claim 8, wherein a decrease in 10 score, or an IO score less than a
predefined threshold, indicates a reduced likelihood of responding to the immunomodulation

therapy.

12. The method of claim 8, wherein the immunomodulation therapy is selected from the

ICI therapy, CAR-T cell therapy, neoantigen vaccine therapy, or combinations thereof.

13. The method of claim 8, wherein the alternative therapy is kinase inhibitor therapy.

14. A method comprising steps of:

a. receiving, by a processor of a computing device, data corresponding to levels
of a plurality of markers for each of:

1. asubtype selected from M, MSL, and combinations thereof; and
ii. an IM status;

b. automatically determining, by the processor, a classification of the subject as
non-responsive to a first therapy (e.g. immunomodulation therapy) using the
data received in step (a) to produce a numerical score; and, optionally,

c. prescribing and/or administering a second therapy (e.g. an alternative to the

first therapy, e.g., an alternative to immunomodulation therapy) to the subject
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for treatment of the disease, thereby avoiding prescription and/or

administration of the first therapy to the subject.

15. A method comprising the steps of:

a. receiving, by a processor of a computing device, data corresponding to levels
of a plurality of markers for each of:

1. asubtype selected from M, MSL, and combinations thereof; and
ii. an IM status;

b. automatically determining, by the processor, a classification of the subject as
responsive to a first therapy (e.g. immunomodulation therapy) using the data
received in step (a) to produce a numerical score; and, optionally,

c. prescribing and/or administering the first therapy to the subject for treatment

of the disease.

16. In a method of administering an immunomodulation therapy, the improvement that
comprises administering the therapy selectively to subjects who have been assigned a

numerical 10 score calculated through assessment of each of:

a. Mesenchymal (M) subtype and/or mesenchymal stem-like (MSL) subtype as

anegative predictor of responsiveness; and

b. IM status as a positive predictor of responsiveness.

17. The method of claim 16, wherein the assigned 10 score is above a threshold
established to distinguish between responsive and non-responsive historical subjects who

have received the immunomodulation therapy.

18. A method of determining a tumor classifier effective to distinguish between
responsiveness and non-responsiveness to immunomodulation therapy, the method

comprising steps of:
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a. Employing elastic net regularized linear models to create individual

subclassifying models for a set of subtypes;

b. Training the classifier on a gene expression dataset from a sample of interest;

and

c. Assessing the correlation between the classifier and responsiveness to

immunomodulation therapy.

19. The method of claim 18, wherein the classifier comprises a set of between 75 and

100 genes.

20. The method of claim 18, wherein the classifier comprises a set of between 50 and 75

genes.

21. The method of claim 18, wherein the classifier comprises a set of between 25 and 50

genes.

22. The method of claim 18, wherein the classifier comprises a set of less than 25 genes.

23. The method of claim 18, wherein the subtypes are defined based upon previously

established models.

24. The method of claim 23, wherein the classifier comprises a reduced gene set

compared to previously established models.

25. A method of treating cancer, the method comprising steps of:

(1) assessing expression levels for one or more genes selected from the group
consisting of :

CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A, ITM2A, KMO,
KYNU, PSMBY, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS, TNFSF10,
COL2A1, FOXCI1, KRT16, MIA, SFRP1, APOD, ASPN, HTRA1., CCL5, CD52, CXCLI11,
CXCL13, DUSP5, GZMB, IDOL1, IL23A, ITM2A, KMO, KYNU, PSMB9Y, PTGDS,
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RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS, TNFSF10, COL2A1, FOXC1, KRTI16,
MIA, SFRP1, APOD, ASPN, HTRA1, SAMSN1, CD80, CLEC7A, PDCD1LG2, CD274,
S100A8, KYNU, LINC02195, IL9R, DUSP5, TNFAIPS, TNFSF10, RARRES3, APOL3,
LINC02446, ZNF683, IFNG, FASLG, CD48, CD52, Cl60rf54, TESPA1, JAML, GMFG,
ARHGAP15, TMEM273, CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV28, CD3D,
TRBC2, CCR5, CD8A, CCLS, IL2RB, CXCR6, KMO, SNX10, PIK3AP1, SLC7A7,
VCAMI1, RASSF4, TFEC, HAVCR2, APOL6, IDO1, CXCL9, GBP5, GBP1, GBP4,
CXCL11, CXCL10, LAP3, STAT1, WARS1, SAMHDI1, ZBP1, OASL, EPSTII, IL15RA,
USP30-AS1, BATF2, ETV7, PSMB10, RTP4, CARD16, GZMB, GZMH, GNLY, CD$B,
CTSW, CST7, NKG7, GZMA, PRF1, CD247, SLA2, PDCD1, CD7, LAG3,
HNRNPA1P21, FOXP3, CCRS, CXCL13, AIM2, IL2RA, ICOS, CTLA4, TNFRSF9,
IL21R, BTN3A3, BTN3Al, TAP2, NLRC5, HLA-F, PSMBS, PSMBY, TAP1, HCPS,
UBE2L6, PSME2, IRF1, C190rf38, IGFLR1, LINC01943, RAB33A, SLC2AG6, IFI30,
LILRB3, IL23A, PSME2P2, ITGAE, STAC3, FOXC1, ADAMTS9-AS2, RGN, KL,
ADAMTS9-AS1, WDFY3-AS2, PTHIR, PLEKHH2, WSCD1, CABP1, CEP112,
TMEM47, RCAN2, LIN7A, LEPR, PDGFA, SERTAD4-AS1, ADHIB, C7, CCL14, SELP,
ACKR1, MMRN1, ITM2A, AQP1, ABI3BP, P2RY12, MPRIP, KIF13B, FYCO1, SPTLC2,
ADGRA3, RBFOX2, ITGB4, KRT17, KRT16, KRT14, KRT5, DSG3, COL17A1,
TMEM119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP, ELN, MFAP4,
SSC5D, PTGDS, CHRDLI, ITGBL1, ASPN, PDGFRB, HTRA1, HEG1, ZCCHC24,
SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL, BOC, PDZRN3, SFRP1, TCF7L1,
CACNAIG, SPEG, COL2A1, CRISPLD1, PIANP, NACAD, EFNB3, PCYTIB, RGMA,
GLI2, PCDH19, ABCAS, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN, AZGP1,
BLVRB, C7, CCL5, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5A1, COL5A2, CRAT,
CROT, CXCL10, CXCL11, CXCL13, CYP4F8, DBIL, DEFB1, DHCR24, DUSP5, FABP7,
FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBP1, GCHFR, GPRS?7,
GZMB, HGD, HTRA1, IDO1, IGFBP4, IGHM, IGJ, IL23A, IL33, INPP4B, ITM2A,
JAM2, KCNKS5, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A, KRT6B, KYNU,
LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBL1, NEK2, NTN3, OGN, PI3, PLEKHBI,
PMAIP1, PSMB9, PTGDS, RARRES3, RTP4, S100A1, SI00A7, S100A8, SCRG1,
SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX, TCF7L1,
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TFAP2B, THBS4, TNFAIP8, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28, XBP1, and
ZCCHC24;

(i1) comparing the assessed expression with a set of reference thresholds for the one
or more genes; and

(iii) administering ICI therapy to the subject if the comparing determines that the

assessed expression levels have a significant pattern relative to their reference thresholds.

26. A method of assessing a tumor’s likely responsiveness to immunomodulation
therapy, which method comprises
(a) assessing both:

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof, and

(i1) status markers of immunomodulatory (IM) status; and
(b) calculating, by means of a computer, an 10 score by weighting the subtype markers as
likely to indicate non-responsiveness to immunomodulation therapy and the status markers
as likely to indicate responsiveness to immunomodulation therapy;
wherein the subtype markers and status markers are expression levels for a set of genes
selected from the group consisting of’

CCL3, CD52, CXCL11, CXCL13, DUSP3, GZMB, IDOI1, IL23A, ITM2A,
KMO, KYNU, PSMB9Y, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10, COL2A1, FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRA1., CCLS5,
CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A, ITM2A, KMO, KYNU,
PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIP8, TNFSF10, COL2A1,
FOXCI1, KRT16, MIA, SFRP1, APOD, ASPN, HTRA1, SAMSNI1, CD80, CLEC7A,
PDCDILG2, CD274, SI00AS8, KYNU, LINC02195, IL9R, DUSPS, TNFAIPS, TNFSF10,
RARRES3, APOL3, LINC02446, ZNF683, IFNG, FASLG, CD48, CD52, C160rf54,
TESPA1, JAML, GMFG, ARHGAP15, TMEM273, CD3G, TIGIT, SIRPG, TRAC, CD3E,
CD2, TRBV28, CD3D, TRBC2, CCR5, CDSA, CCLS5, IL2RB, CXCR6, KMO, SNX10,
PIK3API1, SLC7A7, VCAMI, RASSF4, TFEC, HAVCR2, APOL6, IDO1, CXCL9, GBP3,
GBP1, GBP4, CXCL11, CXCL10, LAP3, STATI1, WARS1, SAMHD1, ZBP1, OASL,
EPSTI1, IL15RA, USP30-AS1, BATF2, ETV7, PSMB10, RTP4, CARD16, GZMB,
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GZMH, GNLY, CD8B, CTSW, CST7, NKG7, GZMA, PRF1, CD247, SLA2, PDCDI,
CD7, LAG3, HNRNPAI1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS, CTLA4,
TNFRSF9, IL21R, BTN3A3, BTN3A1, TAP2, NLRC5, HLA-F, PSMBS, PSMB9, TAP1,
HCP5, UBE2L6, PSME2, IRF1, C190rf38, IGFLR1, LINC01943, RAB33A, SLC2A6,
IFI30, LILRB3, IL23A, PSME2P2, ITGAE, STAC3, FOXC1, ADAMTS9-AS2, RGN, KL,
ADAMTS9-AS1, WDFY3-AS2, PTHIR, PLEKHH2, WSCD1, CABP1, CEP112,
TMEM47, RCAN2, LIN7A, LEPR, PDGFA, SERTAD4-AS1, ADH1B, C7, CCL14, SELP,
ACKRI1, MMRNI, ITM2A, AQP1, ABI3BP, P2RY 12, MPRIP, KIF13B, FYCO1, SPTLC2,
ADGRA3, RBFOX2, ITGB4, KRT17, KRT16, KRT14, KRTS, DSG3, COL17A1,
TMEMI119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP, ELN, MFAP4,
SSC5D, PTGDS, CHRDL1, ITGBL1, ASPN, PDGFRB, HTRA1, HEG1, ZCCHC24,
SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL, BOC, PDZRN3, SFRP1, TCF7L1,
CACNAIG, SPEG, COL2A1, CRISPLDI1, PIANP, NACAD, EFNB3, PCYTI1B, RGMA,
GLI2, PCDH19, ABCAS, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN, AZGP1,
BLVRB, C7, CCLS5, CD36, CD52, CDC20, CHI3L1, COL2AI1, COL5A1, COL5A2, CRAT,
CROT, CXCL10, CXCL11, CXCL13, CYP4FS, DBI, DEFBI1, DHCR24, DUSP5, FABP7,
FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBP1, GCHFR, GPR87,
GZMB, HGD, HTRAL1, IDO1, IGFBP4, IGHM, IGJ, IL23A, IL33, INPP4B, ITM2A,
JAM2, KCNKS, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A, KRT6B, KYNU,
LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBLI1, NEK2, NTN3, OGN, PI3, PLEKHB1,
PMAIP1, PSMBY, PTGDS, RARRES3, RTP4, S100A1, SI00A7, S100A8, SCRG1,
SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX, TCF7L1,
TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28, XBP1,
ZCCHC24, and combinations thereof.

27. The method of claim 26, wherein the subtype markers and status markers comprise

at least one gene from one or more gene groups below:

Group A: CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A,
ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10, COL2A1, FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRAI;
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Group B1: CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A,
ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10;

Group B2: COL2A1, FOXCI1, KRT16, MIA, SFRP1;
Group B3: APOD, ASPN, HTRAI,

Group C1: SAMSN1, CD80, CLEC7A, PDCD1LG2, CD274, S100A8, KYNU,
LINC02195, IL9R, DUSP5;

Group C2: TNFAIP8, TNFSF10;
Group C3: RARRES3, APOL3, LINC02446, ZNF683, IFNG, FASLG;

Group C4: CD48, CD52, Cl6orf54, TESPAL, JAML, GMFG, ARHGAP15,
TMEM273;

Group C5: CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV28, CD3D, TRBC2,
CCRS5, CD8A, CCLS, IL2RB, CXCR6;

Group C6: KMO, SNX10, PIK3AP1, SLC7A7, VCAMI1, RASSF4, TFEC,
HAVCR2;

Group C7: APOLG6, IDO1, CXCL9, GBP5, GBP1, GBP4, CXCL11, CXCLI10,
LAP3, STAT1, WARS1, SAMHDI;

Group C8: ZBP1, OASL, EPSTI1, IL15RA, USP30-AS1, BATF2, ETV7, PSMBI0,
RTP4, CARDI6;

Group C9: GZMB, GZMH, GNLY, CD8B, CTSW, CST7, NKG7, GZMA, PRF1,
CD247, SLA2, PDCD1, CD7, LAG3;

Group C10: HNRNPA1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS,
CTLA4, TNFRSF9, IL21R;

Group C11: BTN3A3, BIN3Al, TAP2, NLRC5, HLA-F, PSMBS, PSMB9, TAP1,
HCP5, UBE2L6, PSME2, IRFI;

Group C12: C190rf38, IGFLR1, LINC01943, RAB33A, SLC2A6, IFI30, LILRB3,
IL23A, PSME2P2, ITGAE, STACS3;
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Group C13: FOXC1, ADAMTS9-AS2, RGN, KL, ADAMTS9-AS1, WDFY3-AS2,
PTHIR, PLEKHH2, WSCD1, CABP1, CEP112, TMEM47, RCAN2, LIN7A, LEPR,
PDGFA, SERTAD4-AS];

Group C14: ADHI1B, C7, CCL14, SELP, ACKR1, MMRNI1, ITM2A, AQP1,
ABI3BP, P2RY12;

Group C15: MPRIP, KIF13B, FYCO1, SPTLC2, ADGRA3, RBFOX2;
Group C16: ITGB4, KRT17, KRT16, KRT14, KRT5, DSG3, COL17Al;

Group C17: TMEM119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP,
ELN, MFAP4, SSC5D, PTGDS, CHRDL1;

Group C18: ITGBL1, ASPN, PDGFRB, HTRAI, HEGI;

Group C19: ZCCHC24, SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL,
BOC, PDZRN3, SFRP1;

Group C20: TCF7L1, CACNAIG, SPEG, COL2A1, CRISPLDI, PIANP, NACAD,
EFNB3, PCYT1B, RGMA, GLI2, PCDH19; and

Group D1: ABCAS8, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN,
AZGP1, BLVRB, C7, CCL5, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5AL,
COL5A2, CRAT, CROT, CXCL10, CXCL11, CXCL13, CYP4F8, DBL, DEFB1, DHCR24,
DUSP5, FABP7, FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBPI,
GCHFR, GPR87, GZMB, HGD, HTRA1, IDO1, IGFBP4, IGHM, IGJ, IL23A, IL33,
INPP4B, ITM2A, JAM2, KCNKS5, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A,
KRT6B, KYNU, LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBLI1, NEK2, NTN3, OGN,
PI3, PLEKHBI1, PMAIP1, PSMB9, PTGDS, RARRES3, RTP4, S100A1, SI00A7, S100AS,
SCRG1, SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX,
TCF7L1, TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28,
XBP1, ZCCHC24.

28. The method of claim 27, wherein the subtype markers and status markers comprise

at least one gene from five or more of the gene groups.
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29. The method of claim 28, wherein the subtype markers and status markers comprise

at least one gene from ten or more of the gene groups.

30. The method of claim 29, wherein the subtype markers and status markers comprise

at least one gene each of the gene groups

31. The method of claim 27, wherein the subtype markers and status markers comprise:
(1) at least one gene selected from Group A;
(ii) at least one gene selected from any one of Group B1, Group B2, or Group B3;
(iii) at least one gene selected from any one of Group C1, Group C2, Group C3,
Group C4, Group C5, Group C6, Group C7, Group C8, Group C9, Group C10,
Group C11, Group C12, Group C13, Group C14, Group C15, Group C16, Group
C17, Group C18, Group C19, Group C20; and

(iv) at least one gene selected from Group D1.
32. The method of claim 2, further comprising a step of administering an additional
therapy to a subject whose tumor has been determined to have an 10 score below a certain

threshold.

33. The method of claim 32, wherein the additional therapy is selected to target gene

pathways associated with negative 10 scores.

34 The method of claim 33, wherein the immunomodulation therapy is ICI therapy and

the additional therapy is not ICI therapy.

35. The method of claim 33, wherein the immunomodulation therapy and additional

therapy are co-administered.

36. The method of claim 33, wherein the immunomodulation therapy and additional

therapy are administered sequentially.
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37. The method of claim 4, wherein the alternative therapy is selected to target gene

pathways associated with negative 10 scores.

38. The method of claim 37, wherein the immunomodulation therapy is ICI therapy and
the alternative therapy is not ICI therapy.

39. The method of claim 37, wherein:
(1) the alternative therapy is administered; and
(ii) the 10 score is determined after alternative therapy administration;

wherein,if the 10 score has changed to be above a certain threshold, the alternative therapy

is either:

discontinued in favor of immunomodulation therapy; or

continued along with co-administration of immunomodulation therapy.
40. A method of establishing a biomarker indicative of immune microenvironment

status, the method comprising steps of:

determining a correlation between a candidate biomarker and one or more of IM
status markers and M and MSL subtype markers;

incorporating the candidate biomarker into a complete biomarker that includes both
indicators of likely responsiveness and indicators of likely non-responsiveness to

immunomodulation therapy.

41. The method of claim 40, wherein the IM status markers and the M and MSL subtype

markers comprise at least one gene from one or more gene groups below:

Group A: CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A,
ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10, COL2A1, FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRAI;

Group B1: CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A,
ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS,
TNFSF10;

276



WO 2023/150194 PCT/US2023/012158

Group B2: COL2A1, FOXC1, KRT16, MIA, SFRP1;
Group B3: APOD, ASPN, HTRALI;

Group C1: SAMSN1, CD80, CLEC7A, PDCDILG2, CD274, S100A8, KYNU,
LINC02195, IL9R, DUSP5;

Group C2: TNFAIP8, TNFSF10;
Group C3: RARRES3, APOL3, LINC02446, ZNF683, IFNG, FASLG;

Group C4: CD48, CD52, Cl60rf54, TESPAL, JAML, GMFG, ARHGAPI5,
TMEM273;

Group C5: CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV28, CD3D, TRBC2,
CCRS5, CDSA, CCLS5, IL2RB, CXCR6;

Group C6: KMO, SNX10, PIK3AP1, SLC7A7, VCAMI1, RASSF4, TFEC,
HAVCR2;

Group C7: APOL6, IDO1, CXCL9, GBP5, GBP1, GBP4, CXCL11, CXCLI10,
LAP3, STAT1, WARS1, SAMHDI;

Group C8: ZBP1, OASL, EPSTI1, IL15RA, USP30-AS1, BATF2, ETV7, PSMBI0,
RTP4, CARDI6;

Group C9: GZMB, GZMH, GNLY, CD8B, CTSW, CST7, NKG7, GZMA, PRF1,
CD247, SLA2, PDCDI1, CD7, LAG3;

Group C10: HNRNPA1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS,
CTLA4, TNFRSFO, IL21R;

Group C11: BTN3A3, BTN3A1, TAP2, NLRCS, HLA-F, PSMBS8, PSMBY, TAP1,
HCP5, UBE2L6, PSME2, IRF1;

Group C12: C190rf38, IGFLR1, LINC01943, RAB33A, SLC2A6, IFI30, LILRB3,
IL23A, PSME2P2, ITGAE, STACS3;

Group C13: FOXC1, ADAMTS9-AS2, RGN, KL, ADAMTS9-AS1, WDFY3-AS2,
PTHIR, PLEKHH2, WSCD1, CABP1, CEP112, TMEM47, RCAN2, LIN7A, LEPR,
PDGFA, SERTAD4-AS1;
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Group C14: ADHIB, C7, CCL14, SELP, ACKR1, MMRN1, ITM2A, AQP1,
ABI3BP, P2RY12;

Group C15: MPRIP, KIF13B, FYCO1, SPTLC2, ADGRA3, RBFOX2;
Group C16: ITGB4, KRT17, KRT16, KRT14, KRTS, DSG3, COL17AL;

Group C17: TMEM119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP,
ELN, MFAP4, SSC5D, PTGDS, CHRDL1;

Group C18: ITGBL1, ASPN, PDGFRB, HTRAI, HEGI;

Group C19: ZCCHC24, SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL,
BOC, PDZRN3, SFRPI;

Group C20: TCF7L1, CACNAIG, SPEG, COL2A1, CRISPLDI, PIANP, NACAD,
EFNB3, PCYT1B, RGMA, GLI2, PCDH19; and

Group D1: ABCAS, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN,
AZGP1, BLVRB, C7, CCL5, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5AL,
COLS5A2, CRAT, CROT, CXCL10, CXCL11, CXCL13, CYP4F8, DBI, DEFB1, DHCR24,
DUSP5, FABP7, FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBPI,
GCHFR, GPR87, GZMB, HGD, HTRAL, IDO1, IGFBP4, IGHM, IGJ, IL23A, IL33,
INPP4B, ITM2A, JAM2, KCNKS5, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A,
KRT6B, KYNU, LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBL1, NEK2, NTN3, OGN,
PI3, PLEKHBI1, PMAIP1, PSMB9, PTGDS, RARRES3, RTP4, S100A1, SI00A7, SI00AS,
SCRG1, SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX,
TCF7L1, TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28,
XBP1, ZCCHC24.

42. The method of claim 40, wherein the IM status markers and the M and MSL subtype

markers are identified by a gene expression algorithm.

43.  The method of claim 40, wherein the biomarker comprises one or more gene

variants.
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44.  The method of claim 43, wherein the one or more gene variants may present

differences in gene expression.

45, A method of treating cancer, the method comprising steps of:

(1) assessing expression levels in a sample from a subject suffering from the cancer,
for a set of genes selected from the group consisting of :

CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A, ITM2A, KMO,
KYNU, PSMB9, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIP8, TNFSF10,
COL2AI1, FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRAL1., CCL5, CD52, CXCL11,
CXCLI13, DUSPS, GZMB, IDO1, IL23A, ITM2A, KMO, KYNU, PSMB9, PTGDS,
RARRES3, RTP4, S100A8, SPTLC2, TNFAIP8, TNFSF10, COL2A1, FOXC1, KRTI16,
MIA, SFRP1, APOD, ASPN, HTRA1, SAMSN1, CD80, CLEC7A, PDCDILG2, CD274,
S100A8, KYNU, LINC02195, IL9R, DUSP5, TNFAIPS, TNFSF10, RARRES3, APOL3,
LINC02446, ZNF683, IFNG, FASLG, CD48, CD52, Cl6orf54, TESPA1, JAML, GMFG,
ARHGAP15, TMEM273, CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV2S8, CD3D,
TRBC2, CCRS5, CD8A, CCLS, IL2RB, CXCR6, KMO, SNX10, PIK3AP1, SLC7A7,
VCAM1, RASSF4, TFEC, HAVCR2, APOL6, IDO1, CXCL9, GBP5, GBP1, GBP4,
CXCL11, CXCL10, LAP3, STAT1, WARS1, SAMHDI1, ZBP1, OASL, EPSTII, IL15RA,
USP30-AS1, BATF2, ETV7, PSMB10, RTP4, CARD16, GZMB, GZMH, GNLY, CD8B,
CTSW, CST7, NKG7, GZMA, PRF1, CD247, SLA2, PDCD1, CD7, LAG3,
HNRNPA1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS, CTLA4, TNFRSFO,
IL21R, BTN3A3, BTN3A1, TAP2, NLRC5, HLA-F, PSMBS, PSMB9, TAP1, HCPS,
UBE2L6, PSME2, IRF1, C190rf38, IGFLR1, LINC01943, RAB33A, SLC2AG6, IFI30,
LILRB3, IL23A, PSME2P2, ITGAE, STAC3, FOXC1, ADAMTS9-AS2, RGN, KL,
ADAMTSO9-AS1, WDFY3-AS2, PTHIR, PLEKHH2, WSCDI1, CABPI1, CEP112,
TMEM47, RCAN2, LIN7A, LEPR, PDGFA, SERTAD4-AS1, ADH1B, C7, CCL14, SELP,
ACKR1, MMRN1, ITM2A, AQP1, ABI3BP, P2RY12, MPRIP, KIF13B, FYCO1, SPTLC2,
ADGRA3, RBFOX2, ITGB4, KRT17, KRT16, KRT14, KRT5, DSG3, COL17A1,
TMEMI119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP, ELN, MFAP4,
SSC5D, PTGDS, CHRDLI1, ITGBL1, ASPN, PDGFRB, HTRA1, HEG1, ZCCHC24,
SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL, BOC, PDZRN3, SFRP1, TCF7L1,
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CACNAIG, SPEG, COL2A1, CRISPLD1, PIANP, NACAD, EFNB3, PCYTIB, RGMA,
GLI2, PCDH19, ABCA8, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN, AZGP1,
BLVRB, C7, CCLS5, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5A1, COL5A2, CRAT,
CROT, CXCL10, CXCL11, CXCL13, CYP4F8, DBI, DEFB1, DHCR24, DUSP5, FABP7,
FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBP1, GCHFR, GPR87,
GZMB, HGD, HTRAL1, IDO1, IGFBP4, IGHM, IGJ, IL23A, IL33, INPP4B, ITM2A,
JAM2, KCNKS, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A, KRT6B, KYNU,
LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBL1, NEK2, NTN3, OGN, PI3, PLEKHBI,
PMAIP1, PSMB9Y, PTGDS, RARRES3, RTP4, S100A1, S100A7, S100A8, SCRGI,
SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX, TCF7LI,
TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28, XBP1,
ZCCHC24, and combinations thereof,
wherein reference levels for the set have been established, when considered together, to
characterize M, IM and MSL character; and

(i1) comparing the assessed expression levels with the set of established reference
levels; and; and

(iii) administering ICI therapy to the subject if the comparing determines that the
assessed expression levels indicate that the M, IM, and MSL character of the subject’s

cancer indicate that it is likely to be responsive to the ICI therapy.

46. A method of establishing a biomarker indicative of immune microenvironment
status, the method comprising steps of:
providing a classification system that includes both:

(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof; and

(i1) status markers of immunomodulatory (IM) status; and
has been established to predict responsiveness to immunomodulation therapy by considering
both markers that indicate likely non-responsiveness and markers that indicate likely

responsiveness to the immunomodulation therapy.
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47. The method of claim 46, wherein the markers are or comprise expression levels for a
set of genes selected from the group consisting of;

CCL5, CD52, CXCL11, CXCL13, DUSP5, GZMB, IDO1, IL23A, ITM2A, KMO, KYNU,
PSMBY, PTGDS, RARRES3, RTP4, S100A8, SPTLC2, TNFAIPS, TNFSF10, COL2AL,
FOXC1, KRT16, MIA, SFRP1, APOD, ASPN, HTRA1., CCL5, CD52, CXCL11, CXCL13,
DUSP5, GZMB, IDO1, IL23A, ITM2A, KMO, KYNU, PSMB9, PTGDS, RARRES3,
RTP4, S100A8, SPTLC2, TNFAIPS, TNFSF10, COL2A1, FOXC1, KRT16, MIA, SFRP1,
APOD, ASPN, HTRA1, SAMSNI1, CD80, CLEC7A, PDCDI1LG2, CD274, S100AS,
KYNU, LINCO02195, ILOR, DUSPS5, TNFAIPS, TNFSF10, RARRES3, APOL3,
LINCO02446, ZNF683, IFNG, FASLG, CD48, CD52, Cl6orf54, TESPA1, JAML, GMFG,
ARHGAP15, TMEM273, CD3G, TIGIT, SIRPG, TRAC, CD3E, CD2, TRBV28, CD3D,
TRBC2, CCRS, CD8A, CCL5, IL2RB, CXCR6, KMO, SNX10, PIK3AP1, SLC7A7,
VCAMI, RASSF4, TFEC, HAVCR2, APOL6, IDO1, CXCL9, GBPS, GBP1, GBP4,
CXCL11, CXCL10, LAP3, STATI1, WARS1, SAMHDI1, ZBP1, OASL, EPSTII, IL15RA,
USP30-AS1, BATF2, ETV7, PSMBI10, RTP4, CARD16, GZMB, GZMH, GNLY, CD8B,
CTSW, CST7, NKG7, GZMA, PRF1, CD247, SLA2, PDCD1, CD7, LAG3,
HNRNPA1P21, FOXP3, CCR8, CXCL13, AIM2, IL2RA, ICOS, CTLA4, TNFRSF9,
IL21R, BTN3A3, BTN3A1, TAP2, NLRCS, HLA-F, PSMBS, PSMB9, TAP1, HCPS,
UBE2L6, PSME2, IRF1, C190rf38, IGFLR1, LINC01943, RAB33A, SLC2A6, IFI30,
LILRB3, IL23A, PSME2P2, ITGAE, STAC3, FOXC1, ADAMTS9-AS2, RGN, KL,
ADAMTS9-AS1, WDFY3-AS2, PTHIR, PLEKHH2, WSCD1, CABP1, CEP112,
TMEM47, RCAN2, LIN7A, LEPR, PDGFA, SERTAD4-AS1, ADHIB, C7, CCL14, SELP,
ACKR1, MMRNT1, ITM2A, AQP1, ABI3BP, P2RY 12, MPRIP, KIF13B, FYCO1, SPTLC2,
ADGRA3, RBFOX2, ITGB4, KRT17, KRT16, KRT14, KRTS, DSG3, COL17Al,
TMEMI119, PODN, SVEP1, LAMA2, COL14A1, FGF7, OGN, PRELP, ELN, MFAP4,
SSC5D, PTGDS, CHRDL1, ITGBL1, ASPN, PDGFRB, HTRA1, HEG1, ZCCHC24,
SGCD, SRPX, APOD, SHC4, MIA, IL17D, LRRN4CL, BOC, PDZRN3, SFRP1, TCF7L1,
CACNAIG, SPEG, COL2A1, CRISPLD1, PIANP, NACAD, EFNB3, PCYTIB, RGMA,
GLI2, PCDH19, ABCAS, ADRA2A, AKAP12, ALDH3B2, APOD, ART3, ASPN, AZGP1,
BLVRB, C7, CCLS, CD36, CD52, CDC20, CHI3L1, COL2A1, COL5A1, COL5A2, CRAT,
CROT, CXCL10, CXCL11, CXCL13, CYP4FS, DBI, DEFBI1, DHCR24, DUSPS5, FABP7,
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FASN, FGFR4, FGL2, FOXA1, FOXC1, GABRP, GALNT7, GBP1, GCHFR, GPR87,
GZMB, HGD, HTRAL, IDO1, IGFBP4, IGHM, 1GJ, IL23A, IL33, INPP4B, ITM2A,
JAM2, KCNKS, KIAA1324, KMO, KRT14, KRT16, KRT17, KRT6A, KRT6B, KYNU,
LBP, LHFP, IGKC, MFAP4, MIA, MID1, MYBL1, NEK2, NTN3, OGN, PI3, PLEKHBI,
PMAIP1, PSMBY, PTGDS, RARRES3, RTP4, S100A1, SI00A7, S100A8, SCRG1,
SEMA3C, SERHL2, SFRP1, SIDT1, SOX10, SPDEF, SPRR1B, SPTLC2, SRPX, TCF7L1,
TFAP2B, THBS4, TNFAIPS, TNFSF10, TRIM68, TSC22D3, UBD, UGT2B28, XBP1,
ZCCHC24, and combinations thereof.

48. The method of claim 46, wherein the markers are or indicate, presence or level of a

particular form of one or more genes or gene products.

49. The method of claim 47 or claim 48, wherein the candidate biomarker is selected from

the group consisting of presence and level of a particular form of a gene or gene product.

50. The method of claim 49 wherein the candidate biomarker is or comprises presence or

level of one or more miRNA species.

51. The method of claim 49, wherein the candidate biomarker is or comprises presence or

level of one or more epigenetic modifications.

52. The method of claim 49, wherein the candidate biomarker is or comprises presence or

level of one or more gene mutations.

53. The method of claim 49, wherein the candidate biomarker is or comprises presence or

level of one or more gene transcript forms.

54. The method of claim 49, wherein the candidate biomarker is or comprises presence or

level of one or more proteins or forms thereof.
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55. A method of characterizing a potential cancer therapy by determining that it directly or
indirectly correlates with an immunomodulatory (IM) status or with a subtype selected from

mesenchymal (M), mesenchymal stem-like (MSL).

56. A method comprising a step of:
detecting in a subject who is a candidate for receiving a particular therapy a biomarker

established to correlate with responsiveness or non-responsiveness to the therapy.

57. A method of treating a subject in whom a biomarker has been detected, the method
comprising steps of:

administering immunomodulation therapy or therapy that sensitizes to immunomodulation
therapy if the therapy has been correlated with IM status; and

administering alternative therapy if the biomarker has been correlated with M or MSL

subtype.

58. A method of treating a subject in whom a biomarker has been detected, the method
comprising steps of:

administering therapy that has been correlated with IM status if the biomarker has also been
so correlated; and

administering therapy that has been correlated with M or MSL subtype if the therapy has

also been so correlated.

59. The method of claim 46, wherein the candidate biomarker is or comprises a gene

comprising one or more mutations.
60. A method of treating a subject, comprising steps of:
(a) assessing a biomarker indicative of immune microenvironment status; and

(b) selecting a treatment option based upon biomarker level.

61. A method of claim 60, wherein the assessment of a biomarker includes:

(a) assessing both:
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(1) subtype markers of a subtype selected from mesenchymal (M),
mesenchymal stem-like (MSL), and combinations thereof, and
(i1) status markers of immunomodulatory (IM) status; and
(b) calculating, by means of a computer, an 10 score by weighting the subtype
markers as likely to indicate non-responsiveness to immunomodulation therapy and the

status markers as likely to indicate responsiveness to immunomodulation therapy.

62. The method of claim 60 or 61, wherein the biomarker is or comprises presence or level

of a particular form of one or more genes or gene products

63. The method of claim 62, wherein the one or more genes or gene products comprise one

or more mutations.

64. The method of claim 62, wherein the one or more genes or gene products comprise one

or more methylated genes.

65. The method of claim 64, wherein the assessing comprises assessment of methylation

status and/or level.

66. The method of claim 60 or 61, wherein the biomarker is or comprises presence or level

of one or more miRNA species.

67. The method of claim 66, wherein the biomarker is a miRNA present in blood.

68. The method of claim 66, wherein the biomarker is a miRNA present in a solid tumor.

69. The method of claim 60 or 61, wherein the biomarker is or comprises one or more

immune cell types.

70. The method of claim 60 or 61, wherein the biomarker is or comprises one or more

immune cell types.
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71. The method of claim 62, wherein the gene or gene products are correlated with one or

more immune cell types.

72. The method of any one of claims 60-71, wherein the treatment option comprises

administration of one or more compounds.

73. The method of claim 72, wherein the subject is determined to have a tumor type

sensitive to the one or more compounds.

74. The method of claim 72, wherein the subject is determined to have a tumor type with a

particular IO score that may change upon administration of the one or more compounds.

75. The method of claim 74, wherein the treatment option further comprises co-
administration or sequential administration of an additional or alternative therapy based
upon change in 1O score.
76. The method of claim 60, wherein:

the biomarker is determined to have a correlation with one or more M or MSL
subtype markers; and

the biomarker is determined to have biochemical, physical, or regulatory interactions
with one or more additional biomarkers determined to have a correlation with one or more
IM status markers.
77. The method of claim 60, wherein:

the biomarker is determined to have a correlation with one or more IM status
markers; and

the biomarker is determined to have biochemical, physical, or regulatory interactions
with one or more additional biomarkers determined to have a correlation with one or more

M or MSL subtype markers.
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