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DETERMINANTS OF CANCER RESPONSE TO IMMUNOTHERAPY

CROSS REFERENCE TO RELATED APPLICATIONS

(1] This application claims priority to each of United States Provisional Patent
Application serial number 61/923,183, filed January 2, 2014; United States Provisional Patent
Application serial number 62/066,034, filed October 20, 2014; and United States Provisional
Patent Application serial number 62/072,893, filed October 30, 2014, the entire contents of each

of which are hereby incorporated by reference.

BACKGROUND

[2] Cancer immunotherapy involves the attack of cancer cells by a patient’s immune
system. Regulation and activation of T lymphocytes depends on signaling by the T cell receptor
and also cosignaling receptors that deliver positive or negative signals for activation. Immune
responses by T cells are controlled by a balance of costimulatory and inhibitory signals, called

immune checkpoints.

[3] Immunotherapy with immune checkpoint inhibitors is revolutionizing cancer
therapy. For example, in certain melanoma patients, anti-CTLA4 and anti-PD1 antibodies have

offered a remarkable opportunity for long-term disease control in the metastatic setting.
SUMMARY

(4] The present invention encompasses the discovery that the likelihood of a
favorable response to cancer immunotherapy can be predicted. The present invention further
comprises the discovery that cancer cells may harbor somatic mutations that result in
neoepitopes that are recognizable by a patient’s immune system as non-self. The identification
of one or more neoepitopes in a cancer sample is useful for determining which cancer patients
are likely to respond favorably to immunotherapy, in particular, treatment with an immune

checkpoint modulator.

[5] In some embodiments, the invention provides methods for identifying a subject as

likely to respond to treatment with an immune checkpoint modulator.
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[6] In some embodiments, the methods comprise steps of detecting a somatic
mutation in a cancer sample from a subject and identifying the subject as a candidate for
treatment with an immune checkpoint modulator. In some embodiments, a subject is identified

as likely to respond favorably to treatment with an immune checkpoint modulator.

[7] In some embodiments, detecting a somatic mutation comprises sequencing one or
more exomes from a cancer sample. In some embodiments, a somatic mutation comprises a

neoepitope recognized by a T cell.

[8] In some embodiments, a neoepitope has greater binding affinity to a major
histocompatibility complex (MHC) molecule compared to a corresponding epitope that does not

have a mutation.

[9] In some embodiments, a somatic mutation comprises a neoepitope comprising a

tetramer that is not expressed in the same cell type that does not have a somatic mutation.

[10] In some embodiments, a neoepitope shares a consensus sequence with an
infectious agent. In some embodiments, a neoepitope shares a consensus sequence with a

bacterium. In some embodiments, a neoepitope shares a consensus sequence with a virus.

[11] In some embodiments, a somatic mutation comprises a neoepitope comprising a

tetramer of Table 1.
[12] In some embodiments, a cancer sample is or comprises melanoma.

[13] In some embodiments, an immune checkpoint modulator interacts with one or
more of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed death 1 (PD-1) or its ligands,
lymphocyte activation gene-3 (LAG3), B7 homolog 3 (B7-H3), B7 homolog 4 (B7-H4),
indoleamine (2,3)-dioxygenase (IDO), adenosine A2a receptor, neuritin, B- and T-lymphocyte
attenuator (BTLA), a killer immunoglobulin-like receptor (KIR), T cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3), inducible T cell costimulator (ICOS), CD27, CD28,
CD40, CD137, or combinations thereof

[14] In some embodiments, an immune checkpoint modulator is or comprises an
antibody or antigen binding fragment. In some embodiments, an immune checkpoint modulator

is ipilumimab. In some embodiments,an immune checkpoint modulator is or comprises
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tremelimumab. In some embodiments, an immune checkpoint modulator is or comprises
nivolumab. In some embodiments, an immune checkpoint modulator is or comprises
lambrolizumab. In some embodiments, an immune checkpoint modulator is or comprises

pembrolizumab.

[15] In some embodiments, the invention provides methods for identifying a subject as
likely to respond to treatment with an immune checkpoint modulator. In some embodiments, the
invention provides methods for identifying a subject as likely to respond to treatment with an

immune checkpoint modulator, wherein the subject has not previously been treated with a cancer

immunotherapeutic.

[16] In some embodiments, the invention provides methods for detecting a somatic
mutation in a cancer sample from a subject and identifying the subject as a poor candidate for

treatment with an immune checkpoint modulator.

[17] In some embodiments, the invention provides methods for identifying a subject as
likely to suffer one or more autoimmune complications if administered an immune checkpoint

modulator.

[18] In some embodiments, an autoimmune complication is or comprises enterocolitis,

hepatitis, dermatitis (including toxic epidermal necrolysis), neuropathy, and/or endocrinopathy.
In some embodiments, an autoimmune complication is or comprises hypothyroidism.

[19] In some embodiments, the invention provides methods for determining that a
subject has a cancer comprising a somatic mutation, wherein the somatic mutation comprises a
neoepitope comprising a tetramer from Table 1, and selecting for the subject a cancer treatment

comprising an immune checkpoint modulator.

[20] In some embodiments, the invention provides methods for treating a subject with
an immune checkpoint modulator wherein the subject has previously been identified to have a
cancer with one or more somatic mutations, wherein the one or more somatic mutations

comprises a neoepitope recognized by a T cell.

[21] In some embodiments, the invention provides methods for improving efficacy of

cancer therapy with an immune checkpoint modulator, comprising a step of selecting for receipt
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of the therapy a subject identified as having a cancer with one or more somatic mutations

comprising a neoepitope recognized by a T cell.

[22] In some embodiments, the invention provides improvements to methods of
treating cancer by administering immune checkpoint modulators, wherein an improvement
comprises administering therapy to a subject identified as having a cancer with one or more
somatic mutations comprising a neoepitope recognized by a T cell. In some embodiments, long
term clinical benefit is observed after CTLA-4 blockade (e.g., via ipilimumab or tremelimumab)

treatment.

[23] In some embodiments, the invention provides methods for treating a cancer
selected from the group consisting of carcinoma, sarcoma, myeloma, leukemia, or lymphoma,
the methods comprising a step of administering immune checkpoint modulator therapy to a
subject identified as having a cancer with one or more somatic mutations comprising a
neoepitope recognized by a T cell. In some embodiments, the cancer is a melanoma. In some

embodiments, the cancer is a non-small-cell lung carcinoma (NSCLC).

BRIEF DESCRIPTION OF THE DRAWING

[24] The following figures are presented for the purpose of illustration only, and are

not intended to be limiting.

[25] Figure 1 (comprised of Figures 1A-1C) shows paired pre- and post-treatment
scans from patients with long-term clinical benefit from therapy (Figure 1A, 1/2/2011 and
8/26/2013); (Figure 1B, 9/6/2011 and 1/14/2013) and no benefit/progressive disease (Figure 1C,
8/13/2009 and 1/9/2010).

[26] Figure 2 (comprised of Figures 2A-21) shows mutational landscape of tumors
from patients with differing clinical benefit from ipilimumab treatment. Figure 2A shows the
mutational load (number of nonsynonymous mutations per exome) categorized by clinical
benefit. Figure 2B shows relationship between mutational load and benefit from ipilimumab. LB,
long-term clinical benefit group; NB, minimal or no benefit group; p=0.01 (Mann-Whitney 2-
tailed t-test comparing medians for difference in median mutational load between patients with

and without long-term clinical benefit). Figure 2C shows the rate of transitions (T1) and
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transversions (Tv) by clinical subgroup. Figure 2D shows the nucleotide changes in the
discovery and validation sets. Mutational spectrum is consistent with previous melanoma
genome studies.19 Figure 2E depicts the Kaplan-Meier curve of overall survival for patients
with greater or less than 100 nonsynonymous coding mutations per exome (p=0.041 by Log-
Rank test) in the discovery set. Figure 2F shows the relationship between mutational load and
benefit from ipilimumab. LB, long-term clinical benefit group; NB, minimal or no benefit group;
p=0.01 (Mann-Whitney 2-tailed t-test comparing medians for difference in median mutational
load between patients with and without long-term clinical benefit). Figure 2G depicts the
Kaplan-Meier curve of overall survival for patients with greater or less than 100 nonsynonymous
coding mutations per exome (p=0.041 by Log-Rank test) in the discovery set. Figure 2H depicts
the Kaplan-Meier curve of overall survival for patients with greater or less than 100
nonsynonymous coding mutations per exome (p=0.010 by Log-Rank test) in the validation set.

Figure 21 shows the rate of transitions (T1) and transversions (Tv) by clinical subgroup.

[27] Figure 3 (comprised of Figures 3A-3H) shows that a neoepitope signature defines
clinical benefit to ipilimumab. Candidate neoepitopes were identified by mutational analysis as
described in the Supplementary Methods. Figure 3A shows a heat map of candidate tetrapeptide
neoepitopes shared by patients with long-term clinical benefit (LB) or with minimal or no
clinical benefit (NB) in the discovery set (n=25). Each row represents a neoepitope. The red
line indicates the tetrapeptide signature associated with response. The exact tetrapeptides,
chromosomal loci, and wild type and mutant nonamers in which they occur are listed in Table 4
and Figure 19. Figure 3B shows the same information for the validation set (n=15). Figure 3C
shows the Kaplan-Meier curve for the discovery set, by neoepitope signature positive (blue line)
or negative (red line), excluding isolated non-responding tumors. P<0.0001 by Log-Rank test
for patients with the signature versus those without. Figure 3D shows the same data for the
validation set. p=0.049 by Log-Rank. Figure 3E shows a heat map of candidate tetrapeptide
neoepitopes shared by patients with long-term clinical benefit (LB) or with minimal or no
clinical benefit (NB) in the discovery set (n=25). Each row represents a neoepitope. The red
line indicates the tetrapeptide signature associated with response. The exact tetrapeptides,
chromosomal loci, and wild type and mutant nonamers in which they occur are listed in Table 4

and Figure 19. Figure 3F shows the same information for the validation set (n=15). Figure 3G
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shows the Kaplan-Meier curve for the discovery set, by neoepitope signature positive (blue line)
or negative (red line), excluding isolated non-responding tumors. P<0.0001 by Log-Rank test
for patients with the signature versus those without. Figure 3H shows the same data for the

validation set. p=0.049 by Log-Rank.

[28] Figure 4 (comprised of Figures 4A-4F) shows neoepitopes activate T cells from
ipilimumab-treated patients. Figure 4A illustrates the diversity of neoepitope generation as
function of genomic location. Neoepitopes from three representative LB patients are plotted as a
function of genomic location. The candidate neoepitopes in the signature can be generated by
different genes. Chromosomal locations of neoepitopes are plotted along the x-axis. Height of
peak indicates how many patients share that amino acid sequence in the discovery and validation
sets. Figure 4B shows an example tetrapeptide substring of Toxoplasma gondii. In each case,
the nonamer containing the mutation is predicted to bind and be presented by a patient-specific
HLA. Figure 4C shows the polyfunctional T cell response to TESPFEQHI versus wild type
peptide TKSPFEQHI. Figure 4D shows the dual positive (IFN-y and TNF-a) CD8+ T cell
response to TESPFEQHI versus wild type peptide TKSPFEQHI and the increase in IFN-y+ T
cells over time. Figure 4E shows the dual positive (IFN-y and TNF-a) CD8+ T cell response to
GLEREGFTF versus wild type peptide GLERGGFTF and illustrates the increase in peptide-
specific T cells 24 weeks after initiation of treatment with ipilimumab relative to baseline.
Figure 4F shows an example tetrapeptide substring of human cytomegalovirus immediate early
epitope. In each case, the nonamer containing the mutation is predicted to bind and be presented

by a patient-specific HLA.

[29] Figure 5 shows an analysis pipeline for the discovery set in which mutations with
coverage less than or equal to 10X were excluded, and candidates with coverage less than 35X

were manually reviewed using the integrated genomics viewer (IGV).

[30] Figure 6 (comprised of Figures 6A-6D) shows a representative list of the most
commonly mutated genes in each clinical subgroup. Candidate mutations were validated by an
orthogonal sequencing method such as Ion Torrent sequencing or MiSeq. Figure 6A depicts a
representative list of the recurrently mutated genes in the discovery and validation sets. Figure
6B depicts the distribution of mutation types across samples in the discovery and validation sets.

Figure 6C depicts a representative list of the recurrently mutated genes in the discovery and
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validation sets. Figure 6D depicts the distribution of mutation types across samples in the

discovery and validation sets.

[31] Figure 7 (comprised of Figures 7A-7F) shows the drivers and mutational loads for
long-term benefit and minimal or no benefit patients. Figure 7A shows the occurrence of
mutations in known melonam driver genes in tumors of each clinical group in the discovery set.
Figure 7B depicts mutations in known melanoma driver genes in tumors of each clinical group in
the validation set. Figure 7C shows the number of exonic missense mutations per sample in the
validation set. Figure 7D shows a comparison of median exonic missense mutations per sample
in the validation set. Figure 7E depicts the mutational loads of patient subgroups with no
radiographic evidence of disease (NED), disease control for greater than 6 months (ongoing in
all but one patient), disease control for less than 6 months, and no response (NR). P=0.03 for
difference between patients with NED and those with no response (Mann-Whitney 2-tailed t-test
comparing medians). Figure 7F depicts the mutational loads of patient subgroups with no
radiographic evidence of disease (NED), disease control for greater than 6 months (ongoing in
all but one patient), disease control for less than 6 months, and no response (NR). P=0.03 for
difference between patients with NED and those with no response (Mann-Whitney 2-tailed t-test

comparing medians).

[32] Figure 8 shows a neoepitope analysis pipeline. All steps are executed for
predicted wild type and mutant. MHC Class I prediction is by NetMHCv3.4 and/or RANKPEP.
T cell immunogenicity prediction by IEDB program that masks HLA-specific amino acids

(http://tools.immunepitope.org/imimunogenicity/).

[33] Figure 9 (comprised of Figures 9A-9C) shows representative scans from patients
in the discovery set pre- and post-treament. Figure 9A shows two sites from one patient (5/1/08
and 5/30/13) with no radiographic evidence of disease. Figure 9B shows scans from patients
with clinical benefit of greater than 6 months. Top is from 9/6/11 and 1/14/13. Bottom is from
9/19/07 and 1/15/09. Figure 9C shows scans from fTom patients with no response to therapy.
Top is 5/27/10 and 12/21/10. Bottom is 3/3/11 and 11/18/11.

[34] Figure 10 (comprised of Figures 10A-10K) shows peptide analyses, discovery and

validation. Figure 10A shows across all samples in the discovery set, the mutant peptide is more
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likely to bind MHC Class I than the corresponding wild type peptide. Figure 10B shows across
all samples in the validation set, the mutant peptide is more likely to bind MHC Class I than the
corresponding wild type peptide. Figures 10C and 10D show the frequency of amino acids in
common tetrapeptides in LB and NB Groups. The height of each letter reflects the frequency of
a given amino acid at that position. Phenylalanine (F) at positions 3 and 4 are not seen in the NB
group. Figure 10E shows the known antigens of which tetrapeptides comprise substring, by
clinical group. Conserved tetrapeptide neoepitopes comprise substrings of antigens from
infectious pathogens with evidence in vitro for T cell activation. Figure 10F shows MART-1 and
EKLS substrings. Figure 10G shows across all samples in the discovery set, the mutant peptide
is more likely to bind MHC Class I than the corresponding wild type peptide. Figure 10H shows
across all samples in the validation set, the mutant peptide is more likely to bind MHC Class 1
than the corresponding wild type peptide. Figures 101 and 10J show the frequency of amino
acids in common tetrapeptides in LB and NB Groups. The height of each letter reflects the
frequency of a given amino acid at that position. Figure 10K shows the known antigens of which
tetrapeptides comprise a substring, arranged by clinical group. Conserved tetrapeptide
neoepitopes comprise substrings of antigens from infectious pathogens with evidence in vitro for

T cell activation.

[35] Figure 11 shows polyfunctional CD8 T cell response detected in peptide pools A,
B, and C at week 60 blood sample. Frozen PBMCs from patient CR1509, CR9699 andCR9306
were thawed and restimulated with peptide pool A, B, and C, respectively as described in the
Methods. Intracellular cytokine staining (ICS) was performed on day 10 with the following
conditions: No stimulation (negative control), Staphylococcal enterotoxin B (SEB, positive
control) and corresponding peptide pool. Representative dot plots of CD8+IFN-y+, CD8+IFN-
y+TNF-0+ and CD8+IFN-y+CD107a+ T cells were shown in Figure 11A (pool A for patient
CR1509), Figure 11B (pool B for patient CR9699) and Figure 11C (pool C for patient CR9306).
Figure 11D shows the percent CD8+ IFN- v, TNF- o, CD-107a and MIP-1f dual positive cells
when stimulated with mutant peptide GLEREGFTF as compared to the wild type
GLERGGFTF.



WO 2015/103037 PCT/US2014/072125

[36] Figure 12 depicts a flowchart of the simulation to test the null hypothesis that a
signature would have resulted from a diiferent dataset, either a permutation of the actual data, or

a simulated dataset.

[37] Figure 13 demonstrates that neither mutant nor wild type peptides elicited CD8+

IFN-y responses in three healthy donors.

[38] Figure 14 demonstrates that neoantigen generation can be a function of genomic
location. Neoantigens from three representative LB patients are plotted as a function of genomic
location. Candidate neoepitopes in a signature are generated in different genes. Chromosomal
locations of neoepitopes are plotted along the x-axis. Height of peak indicates how many
patients share that amino acid sequence in the discovery and validation sets. Tetrapeptides were

encoded by mutations in diverse genes across the genome.
[39] Figure 15 depicts an exome analysis pipeline for a validation set.

[40] Figure 16 depicts tumor biopsies stained for LCA (leukocyte common antigen),
CDS, and FOXP3. According to Figure 16A, in those with no clinical benefit (NB; A-E) compared
to those with long term benefit (LB; F-J) there was no significant difference in the percent of cells
staining with LCA (B,G, 200X magnification, arrow tip marks positive cells), CD8 (C,H, 200X
magnification, arrow tip marks positive cells), or FOXP3 (D,I, 200X magnification, arrow tip marks
positive cells). Tumors from both NB and LB patients show necrosis (E,J, 100X magnification) and
the percent of tumor showing necrosis is significantly different (P=0.034) between groups (O),
however, this finding is dependent on inclusion of the single outlier value (P=0.683 when excluded).
According to Figure 16B, there is a significant increase (P=0.028) in the CD8:FOXP?3 ratio (C) in the
LB group compared to the NB. LCA (leukocyte common antigen) appears higher in the LB group but

is not statistically significant.
[41] Figure 17 depicts detailed characteristics of patients in the validation set.

[42] Figure 18 depicts nonsynonymous exonic mutations per tumor for discovery and

validation sets.
[43] Figure 19 depicts the context, genes and loci for tetrapeptides in a response signature.

[44] Figure 20 depicts the expression of genes encoding mutations leading to tetrapeptides

present in a response signature from a TCGA RNA-seq dataset. After excluding tumors with no



WO 2015/103037 PCT/US2014/072125

expression, the mean SEM value is shown for each gene. If the gene is not expressed in any sample,

a zero is shown.

[45] Figure 21 depicts the sample site, sample size, and type of biopsy for each patient
sample.
[46]
DEFINITIONS
[47] In order for the present invention to be more readily understood, certain terms are

defined below. Those skilled in the art will appreciate that definitions for certain terms may be

provided elsewhere in the specification, and/or will be clear from context.

[48] Administration: As used herein, the term “administration” refers to the
administration of a composition to a subject. Administration may be by any appropriate route.
For example, in some embodiments, administration 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, subcutancous, sublingual, topical, tracheal (including by intratracheal

instillation), transdermal, vaginal and vitreal.

[49] Affinity: As is known in the art, “affinity” is a measure of the tightness with a
particular ligand binds to its partner. Affinities can be measured in different ways. In some
embodiments, affinity is measured by a quantitative assay. In some such embodiments, binding
partner concentration may be fixed to be in excess of ligand concentration so as to mimic
physiological conditions. Alternatively or additionally, in some embodiments, binding partner
concentration and/or ligand concentration may be varied. In some such embodiments, affinity

may be compared to a reference under comparable conditions (e.g., concentrations).

[50] Amino acid: As used herein, term “amino acid,” in its broadest sense, refers to any
compound and/or substance that can be incorporated into a polypeptide chain. In some
embodiments, an amino acid has the general structure HZN-C(H)(R)-COOH. In some
embodiments, an amino acid is a naturally occurring amino acid. In some embodiments, an
amino acid is a synthetic amino acid; in some embodiments, an amino acid is a d-amino acid; in

some embodiments, an amino acid is an l-amino acid. “Standard amino acid” refers to any of the

-10-
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twenty standard l-amino acids commonly found in naturally occurring peptides. “Nonstandard
amino acid” refers to any amino acid, other than the standard amino acids, regardless of whether
it is prepared synthetically or obtained from a natural source. As used herein, “synthetic amino
acid” encompasses chemically modified amino acids, including but not limited to salts, amino
acid derivatives (such as amides), and/or substitutions. Amino acids, including carboxy- and/or
amino-terminal amino acids in peptides, can be modified by methylation, amidation, acetylation,
protecting groups, and/or substitution with other chemical groups that can change the peptide’s
circulating half-life without adversely affecting their activity. Amino acids may participate in a
disulfide bond. Amino acids may comprise one or posttranslational modifications, such as
association with one or more chemical entities (e.g., methyl groups, acetate groups, acetyl
groups, phosphate groups, formyl moieties, isoprenoid groups, sulfate groups, polyethylene
glycol moieties, lipid moieties, carbohydrate moieties, biotin moieties, etc.). The term “amino
acid” is used interchangeably with “amino acid residue,” and may refer to a free amino acid
and/or to an amino acid residue of a peptide. It will be apparent from the context in which the

term is used whether it refers to a free amino acid or a residue of a peptide.

[51] 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 with immunoglobulin structural elements sufficient to confer specific binding.
Suitable antibody agents include, but are not limited to, human antibodies, primatized antibodies,
chimeric antibodies, bi-specific antibodies, humanized antibodies, conjugated antibodies (i.e.,
antibodies conjugated or fused to other proteins, radiolabels, cytotoxins), Small Modular
ImmunoPharmaceuticals (“SMIPs™"), single chain antibodies, cameloid antibodies, and
antibody fragments. As used herein, the term “antibody agent” also includes intact monoclonal
antibodies, polyclonal antibodies, single domain antibodies (e.g., shark single domain antibodies
(e.g., IgNAR or fragments thereof)), multispecific antibodies (e.g. bi-specific antibodies) formed
from at least two intact antibodies, and antibody fragments so long as they exhibit the desired
biological activity. In some embodiments, the term encompasses stapled peptides. In some
embodiments, the term encompasses one or more antibody-like binding peptidomimetics. In
some embodiments, the term encompasses one or more antibody-like binding scaffold proteins.

In come embodiments, the term encompasses monobodies or adnectins. In many embodiments,

11-
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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 a
reference 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, 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.

-12-
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[52] Antibody polypeptide: As used herein, the terms “antibody polypeptide” or
“antibody”, or “antigen-binding fragment thereof”, which may be used interchangeably, refer to
polypeptide(s) capable of binding to an epitope. In some embodiments, an antibody polypeptide
is a full-length antibody, and in some embodiments, is less than full length but includes at least
one binding site (comprising at least one, and preferably at least two sequences with structure of
antibody “variable regions™). In some embodiments, the term “antibody polypeptide”
encompasses any protein having a binding domain which is homologous or largely homologous
to an immunoglobulin-binding domain. In particular embodiments, “antibody polypeptides”
encompasses polypeptides having a binding domain that shows at least 99% identity with an
immunoglobulin binding domain. In some embodiments, “antibody polypeptide” is any protein
having a binding domain that shows at least 70%, 80%, 85%., 90%, or 95% identity with an
immuglobulin binding domain, for example a reference immunoglobulin binding domain. An
included “antibody polypeptide” may have an amino acid sequence identical to that of an
antibody that is found in a natural source. Antibody polypeptides in accordance with the present
invention may be prepared by any available means including, for example, isolation from a
natural source or antibody library, recombinant production in or with a host system, chemical
synthesis, etc., or combinations thereof. An antibody polypeptide may be monoclonal or
polyclonal. An antibody polypeptide may be a member of any immunoglobulin class, including
any of the human classes: IgG, IgM, IgA, IgD, and IgE. In certain embodiments, an antibody
may be a member of the IgG immunoglobulin class. As used herein, the terms “antibody
polypeptide” or “characteristic portion of an antibody” are used interchangeably and refer to any
derivative of an antibody that possesses the ability to bind to an epitope of interest. In certain
embodiments, the “antibody polypeptide” is an antibody fragment that retains at least a
significant portion of the full-length antibody’s specific binding ability. Examples of antibody
fragments include, but are not limited to, Fab, Fab’, F(ab’),, scFv, Fv, dsFv diabody, and Fd
fragments. Alternatively or additionally, an antibody fragment may comprise multiple chains
that are linked together, for example, by disulfide linkages. In some embodiments, an antibody
polypeptide may be a human antibody. In some embodiments, the antibody polypeptides may be
a humanized. Humanized antibody polypeptides include may be chimeric immunoglobulins,
immunoglobulin chains or antibody polypeptides (such as Fv, Fab, Fab', F(ab')2 or other antigen-

binding subsequences of antibodies) that contain minimal sequence derived from non-human

13-
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immunoglobulin. 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 particular embodiments,
antibody polyeptides for use in accordance with the present invention bind to particular epitopes

of on immune checkpoint molecules.

[53] Antigen: An “antigen” is a molecule or entity to which an antibody binds. In
some embodiments, an antigen is or comprises a polypeptide or portion thereof. In some
embodiments, an antigen is a portion of an infectious agent that is recognized by antibodies. In
some embodiments, an antigen is an agent that elicits an immune response; and/or (i1) an agent
that is bound by a T cell receptor (e.g., when presented by an MHC molecule) or to an antibody
(e.g., produced by a B cell) when exposed or administered to an organism. In some
embodiments, an antigen elicits a humoral response (e.g., including production of antigen-
specific antibodies) in an organism; alternatively or additionally, in some embodiments, an
antigen elicits a cellular response (e.g., involving T-cells whose receptors specifically interact
with the antigen) in an organism. It will be appreciated by those skilled in the art that a
particular antigen may elicit an immune response in one or several members of a target organism
(e.g., mice, rabbits, primates, humans), but not in all members of the target organism species. In
some embodiments, an antigen elicits an immune response in at least about 25%, 30%, 35%,
40%, 45%, 50%., 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%,
96%, 97%, 98%, 99% of the members of a target organism species. In some embodiments, an
antigen binds to an antibody and/or T cell receptor, and may or may not induce a particular
physiological response in an organism. In some embodiments, for example, an antigen may bind
to an antibody and/or to a T cell receptor in vitro, whether or not such an interaction occurs in
vivo. 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 1s 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
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(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 or comprises a recombinant antigen.

[54] 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).

[55] Combination therapy: The term “combination therapy”, as used herein, refers to
those situations in which two or more different pharmaceutical agents are administered in
overlapping regimens so that the subject is simultaneously exposed to both agents. When used in
combination therapy, two or more different agents may be administered simultaneously or
separately. This administration in combination can include simultaneous administration of the
two or more agents in the same dosage form, simultaneous administration in separate dosage
forms, and separate administration. That is, two or more agents can be formulated together in
the same dosage form and administered simultancously. Alternatively, two or more agents can
be simultancously administered, wherein the agents are present in separate formulations. In
another alternative, a first agent can be administered just followed by one or more additional
agents. In the separate administration protocol, two or more agents may be administered a few

minutes apart, or a few hours apart, or a few days apart.

[56] Comparable: The term “comparable” is used herein to describe two (or more) sets
of conditions, circumstances, individuals, or populations that are sufficiently similar to one
another to permit comparison of results obtained or phenomena 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 appreciate that sets of circumstances,

individuals, or populations are comparable to one another when characterized by a sufficient

-15-



WO 2015/103037 PCT/US2014/072125

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. Those skilled in the art will appreciate that relative language used herein
(e.g., enhanced, activated, reduced, inhibited, etc) will typically refer to comparisons made under

comparable conditions.

[57] Consensus sequence: As used herein, the term “consensus sequence” refers to a
core sequence that elicits or drives a physiological phenomenon (e.g., an immune response). It is
to be understood by those of skill in the art that a a cancer cell that shares a “consensus
sequence” with an antigen of an infectious agent shares a portion of amino acid sequence that
affects the binding affinity of the antigen to an MHC molecule (either directly or allosterically),
and/or facilitates recognition by T cell receptors. In some embodiments, a consensus sequence is
a tetrapeptide. In some embodiments, a consensus sequence is a nonapeptide. In some
embodiments, a consensus sequence is betwene four and nine amino acids in length. In some

embodiments, a consesnsus sequence is greater than nine amino acids in length.

[58] Diagnostic information: As used herein, diagnostic information or information
for use in diagnosis is any information that is useful in determining whether a patient has a
disease or condition and/or in classifying the disease or condition into a phenotypic category or
any category having significance with regard to prognosis of the disease or condition, or likely
response to treatment (either treatment in general or any particular treatment) of the disease or
condition. Similarly, diagnosis refers to providing any type of diagnostic information, including,
but not limited to, whether a subject is likely to have a disease or condition (such as cancer),
state, staging or characteristic of the disease 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 (e.g., chemotherapeutic) 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.
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[59] Dosing regimen: A “dosing regimen” (or “therapeutic regimen”), as that term is
used herein, is 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, a dosing regimen is or has been correlated with a desired therapeutic

outcome, when administered across a population of patients.

[60] Favorable response: As used herein, the term favorable response refers to a
reduction of symptoms, full or partial remission, or other improvement in disease
pathophysiology. 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. Many cancer patients with smaller tumors have no
symptoms. It is not intended that the present invention be limited only to cases where the
symptoms are eliminated. The present invention specifically contemplates treatment such that
one or more symptoms is/are reduced (and the condition of the subject is thereby “improved”),
albeit not completely eliminated. In some embodiments, a favorable response is established
when a particular therapeutic regimen shows a statistically significant effect when administered
across a relevant population; demonstration of a particular result in a specific individual may not
be required. Thus, in some embodiments, a particular therapeutic regimen is determined to have

a favorable response when its administration is correlated with a relevant desired effect.

[61] Homology: As used herein, the term “homology” refers to the overall relatedness
between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or
RNA molecules) and/or between polypeptide molecules. In some embodiments, polymeric
molecules are considered to be “homologous” to one another if their sequences are at least 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%

identical. In some embodiments, polymeric molecules are considered to be “homologous” to one
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another if their sequences are at least 25%, 30%, 35%, 40%, 45%., 50%., 55%., 60%, 65%., 70%,
75%, 80%, 85%, 90%, 95%, or 99% similar.

[62] Identity: Asused herein, the term “identity” refers to the overall relatedness
between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or
RNA molecules) and/or between polypeptide molecules. Calculation of the percent identity of
two nucleic acid sequences, for example, can be performed by aligning the two sequences for
optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
nucleic acid sequences for optimal alignment and non-identical sequences can be disregarded for
comparison purposes). In certain embodiments, the length of a sequence aligned for comparison
purposes is at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, or substantially 100% of the length of the reference sequence. The
nucleotides at corresponding nucleotide positions are then compared. When a position in the
first sequence is occupied by the same nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent identity between the two
sequences is a function of the number of identical positions shared by the sequences, taking into
account the number of gaps, and the length of each gap, which needs to be introduced for
optimal alignment of the two sequences. The comparison of sequences and determination of
percent identity between two sequences can be accomplished using a mathematical algorithm.
For example, the percent identity between two nucleotide sequences can be determined using the
algorithm of Meyers and Miller (CABIOS, 1989, 4: 11-17), which has been incorporated into the
ALIGN program (version 2.0) using a PAM120 weight residue table, a gap length penalty of 12
and a gap penalty of 4. The percent identity between two nucleotide sequences can,
alternatively, be determined using the GAP program in the GCG software package using an

NWSgapdna.CMP matrix.

[63] Immune checkpoint modulator: Asused herein, the term “immune checkpoint
modulator” refers to an agent that interacts directly or indirectly with an immune checkpoint. In
some embodiments, an immune checkpoint modulator increases an immune effector response
(e.g., cytotoxic T cell response), for example by stimulating a positive signal for T cell
activation. In some embodiments, an immune checkpoint modulator increases an immune

effector response (e.g., cytotoxic T cell response), for example by inhibiting a negative signal for
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T cell activation (e.g. disinhibition). In some embodiments, an immune checkpoint modulator
interferes with a signal for T cell anergy. In some embodiments, an immune checkpoint

modulator reduces, removes, or prevents immune tolerance to one or more antigens.

[64] Long Term Benefit: In general, the term “long term benefit” refers to a desirable
clinical outcome, ¢.g., observed after administration of a particular treatment or therapy of
interest, that is maintained for a clinically relevant period of time. To give but one example, in
some embodiments, a long term benefit of cancer therapy is or comprises (1) no evidence of
disease (“NED”, for example upon radiographic assessment) and/or (2) stable or decreased
volume of diseases. In some embodiments, a clinically relevant period of time is at least 1
month, at least 2 months, at lcast 3 months, at least 4 months, at least 5 months or more. In some
embodiments, a clinically relevant period of time is at least six months. In some embodiments, a

clinically relevant period of time is at least 1 year.

[65] Marker: A marker, as used herein, refers to an agent whose presence or level is a
characteristic of a particular tumor or metastatic disease thereof. For 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.

[66] Modulator: The term “modulator” is used to refer to an entity whose presence in
a system in which an activity of interest is observed correlates with a change in level and/or
nature of that activity as compared with that observed under otherwise comparable conditions
when the modulator is absent. In some embodiments, a modulator is an activator, in that activity

is increased in its presence as compared with that observed under otherwise comparable
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conditions when the modulator is absent. In some embodiments, a modulator is an inhibitor, in
that activity is reduced in its presence as compared with otherwise comparable conditions when
the modulator is absent. In some embodiments, a modulator interacts directly with a target entity
whose activity is of interest. In some embodiments, a modulator interacts indirectly (i.e., directly
with an intermediate agent that interacts with the target entity) with a target entity whose activity
is of interest. In some embodiments, a modulator affects level of a target entity of interest;
alternatively or additionally, in some embodiments, a modulator affects activity of a target entity
of interest without affecting level of the target entity. In some embodiments, a modulator affects
both level and activity of a target entity of interest, so that an observed difference in activity is

not entirely explained by or commensurate with an observed difference in level.

[67] Neoepitope: A “neoepitope” is understood in the art to refer to an epitope that
emerges or develops in a subject after exposure to or occurrence of a particular event (e.g.,
development or progression of a particular disease, disorder or condition, ¢.g., infection, cancer,
stage of cancer, etc). As used herein, a neoepitope is one whose presence and/or level is
correlated with exposure to or occurrence of the event. In some embodiments, a neoepitope is
one that triggers an immune response against cells that express it (e.g., at a relevant level). In
some embodiments, a neopepitope is one that triggers an immune response that kills or otherwise
destroys cells that express it (e.g., at a relevant level). In some embodiments, a relevant event
that triggers a neoepitope is or comprises somatic mutation in a cell. In some embodiments, a
neoepitope is not expressed in non-cancer cells to a level and/or in a manner that triggers and/or
supports an immune response (€.g., an immune response sufficient to target cancer cells

expressing the neoepitope).

[68] No Benefit: As used herein, the phrase “no benefit” is used to refer to absence of
detectable clinical benefit (e.g., in response to administration of a particular therapy or treatment
of interest). In some embodiments, absence of clinical benefit refers to absence of statistically
significant change in any particular symptom or characteristic of a particular disease, disorder, or
condition. In some embodiments, absence of clinical benefit refers to a change in ore or more
symptoms or characteristics of a disease, disorder, or condition, that lasts for only a short period
of time such as, for example, less than about 6 months, less than about 5 months, less than about

4 months, less than about 3 months, less than about 2 months, less than about 1 month, or less.
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[69] Patient: Asused 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. 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. In some embodiments, the disorder or
condition is or includes cancer, or presence of one or more tumors. In some embodiments, the

disorder or condition 1s metastatic cancer.

[70] Polypeptide: As used herein, a “polypeptide”, generally speaking, is a string of at
least two amino acids attached to one another by a peptide bond. In some embodiments, a
polypeptide may include at least 3-5 amino acids, each of which is attached to others by way of
at least one peptide bond. Those of ordinary skill in the art will appreciate that polypeptides
sometimes include “non-natural” amino acids or other entities that nonetheless are capable of

integrating into a polypeptide chain, optionally.

[71] Prognostic and predictive information: As used herein, the terms prognostic and
predictive information are used interchangeably 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 average life expectancy of a
patient, the likelihood that a patient will survive for a given amount of time (¢.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.

[72] Protein: As used herein, the term “protein” refers to a polypeptide (i.c., 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
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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, ¢.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.

[73] Reference sample: Asused herein, a reference sample may include, but is not
limited to, any or all of the following: a cell or cells, a portion of tissue, blood, serum, ascites,
urine, saliva, and other body fluids, secretions, or excretions. The term “sample” also includes
any material derived by processing such a sample. Derived samples may include nucleotide
molecules or polypeptides extracted from the sample or obtained by subjecting the sample to

techniques such as amplification or reverse transcription of mRNA, etc.

[74] 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
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exact response criteria can be selected in any appropriate manner, provided that when comparing
groups of tumors 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.

[75] Sample: As used herein, a sample obtained from a subject may include, but is not
limited to, any or all of the following: a cell or cells, a portion of tissue, blood, serum, ascites,
urine, saliva, and other body fluids, secretions, or excretions. The term “sample” also includes
any material derived by processing such a sample. Derived samples may include nucleotide
molecules or polypeptides extracted from the sample or obtained by subjecting the sample to

techniques such as amplification or reverse transcription of mRNA, etc.

[76] Specific binding: Asused herein, the terms “specific binding” or “specific for” or
“specific to” refer to an interaction (typically non-covalent) between a target entity (e.g., a target
protein or polypeptide) and a binding agent (e.g., an antibody, such as a provided antibody). As
will be understood by those of ordinary skill, an interaction is considered to be “specific” if it is
favored in the presence of alternative interactions. In many embodiments, an interaction is
typically dependent upon the presence of a particular structural feature of the target molecule
such as an antigenic determinant or epitope recognized by the binding molecule. For example, if
an antibody is specific for epitope A, the presence of a polypeptide containing epitope A or the
presence of free unlabeled A in a reaction containing both free labeled A and the antibody
thereto, will reduce the amount of labeled A that binds to the antibody. It is to be understood
that specificity need not be absolute. For example, it is well known in the art that numerous
antibodies cross-react with other epitopes in addition to those present in the target molecule.
Such cross-reactivity may be acceptable depending upon the application for which the antibody
is to be used. In particular embodiments, an antibody specific for receptor tyrosine kinases has
less than 10% cross-reactivity with receptor tyrosine kinase bound to protease inhibitors (e.g.,
ACT). One of ordinary skill in the art will be able to select antibodies having a sufficient degree
of specificity to perform appropriately in any given application (e.g., for detection of a target
molecule, for therapeutic purposes, etc.). Specificity may be evaluated in the context of

additional factors such as the affinity of the binding molecule for the target molecule versus the
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affinity of the binding molecule for other targets (e.g., competitors). If a binding molecule

exhibits a high affinity for a target molecule that it is desired to detect and low affinity for non-

[77] Stage of cancer: Asused herein, the term “stage of cancer” refers to a qualitative
or quantitative assessment of the level of advancement of a cancer. Criteria used to determine
the stage of a cancer include, but are not limited to, the size of the tumor and the extent of

metastases (e.g., localized or distant).

[78] Subject: As used herein, the term “subject” or “patient” refers to any organism
upon which embodiments of the invention may be used or administered, 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; etc.).

[79] Substantially: Asused 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.

[80] Suffering from: An individual who is “suffering from” a disease, disorder, or
condition (e.g., a cancer) has been diagnosed with and/or exhibits one or more symptoms of the
disease, disorder, or condition. In some embodiments, an individual who is suffering from
cancer has cancer, but does not display any symptoms of cancer and/or has not been diagnosed

with a cancer.

[81] Susceptible to: An individual who is “susceptible to” a disease, disorder, or
condition (e.g., cancer) 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 displays conditions associated with
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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.

[82] Target cell or target tissue: As used herein, the terms “target cell” or “target
tissue” refer to any cell, tissue, or organism that is affected by a condition described herein and
to be treated, or any cell, tissue, or organism in which a protein involved in a condition described
herein is expressed. In some embodiments, target cells, target tissues, or target organisms
include those cells, tissues, or organisms in which there is a detectable amount of immune
checkpoint signaling and/or activity. In some embodiments, target cells, target tissues, or target
organisms include those cells, tissues or organisms that display a disease-associated pathology,

symptom, or feature.

[83] Therapeutic regimen: As used herein, the term “therapeutic regimen” refers to
any method used to partially or completely alleviate, ameliorate, relieve, inhibit, prevent, delay
onset of, reduce severity of and/or reduce incidence of one or more symptoms or features of a
particular disease, disorder, and/or condition. It may include a treatment or series of treatments
designed to achieve a particular effect, e.g., reduction or elimination of a detrimental condition or
disease such as cancer. The treatment may include administration of one or more compounds
either simultaneously, sequentially or at different times, for the same or different amounts of
time. Alternatively, or additionally, the treatment may include exposure to radiation,
chemotherapeutic agents, hormone therapy, or surgery. In addition, a “treatment regimen” may
include genetic methods such as gene therapy, gene ablation or other methods known to reduce

expression of a particular gene or translation of a gene-derived mRNA.

[84] Therapeutic agent. As used herein, the phrase “therapeutic agent” refers to any
agent that, when administered to a subject, has a therapeutic effect and/or elicits a desired

biological and/or pharmacological effect.

[85] Therapeutically effective amount. As used herein, the term “therapeutically
effective amount” refers to an amount of an agent (e.g., an immune checkpoint modulator) that
confers a therapeutic effect on the treated subject, at a reasonable benefit/risk ratio applicable to
any medical treatment. The therapeutic effect may be objective (i.e., measurable by some test or

marker) or subjective (i.c., subject gives an indication of or feels an effect). In particular, the
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“therapeutically effective amount” refers to an amount of a therapeutic agent or composition
effective to treat, ameliorate, or prevent a desired disease or condition, or to exhibit a detectable
therapeutic or preventative effect, such as by ameliorating symptoms associated with the disease,
preventing or delaying the onset of the disease, and/or also lessening the severity or frequency of
symptoms of the disease. A therapeutically effective amount is commonly administered in a
dosing regimen that may comprise multiple unit doses. For any particular therapeutic agent, a
therapeutically effective amount (and/or an appropriate unit dose within an effective dosing
regimen) may vary, for example, depending on route of administration, on combination with
other pharmaceutical agents. Also, the specific therapeutically effective amount (and/or unit
dose) for any particular patient may depend upon a variety of factors including the disorder being
treated and the severity of the disorder; the activity of the specific pharmaceutical agent
employed; the specific composition employed; the age, body weight, general health, sex and diet
of the subject; the time of administration, route of administration, and/or rate of excretion or
metabolism of the specific fusion protein employed; the duration of the treatment; and like

factors as is well known in the medical arts.

[86] Treatment: As used herein, the term “treatment” (also “treat” or “treating”) refers
to any administration of a substance (e.g., provided compositions) that partially or completely
alleviates, ameliorates, relieves, 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 (e.g., cancer). 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.

[87] Wild-type: As used herein, the term “wild-type” has its art-understood meaning
that refers to an entity having a structure and/or activity as found in nature in a “normal” (as

contrasted with mutant, diseased, altered, etc.) state or context. Those of ordinary skill in the art
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will appreciate that wild-type genes and polypeptides often exist in multiple different forms (e.g.,
alleles).

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[88] The present invention encompasses the discovery that a high mutational load and
somatic neoepitopes formed as a result of tumor mutations contribute to the anti-tumor immune

response of immune checkpoint modulators.

[89] Among other things, the present disclosure specifically demonstrates that
neoepitopes in cancer cells are associated with increased binding affinity to MHC class 1

molecules and/or improved recognition by cytotoxic T cells.

[90] The present invention provides, among other things, methods for detecting
somatic neoepitopes present in cancer cells and/or establishing association between or among
such neoepitopes and responsiveness to immunitherapy. In some emodiments, the present
invention provides methods and/or reagents for identifying cancer patients that are likely to
respond favorably to treatment with immunotherapy (e.g., with an immune checkpoint
modulator) and/or for selecting patients to receive such immunotherapy. Alternatively or
additionally, the present invention provides methods and/or reagents for treating patients with an
immune checkpoint modulator that have been identified to have cancer harboring a somatic

neoepitope.

Somatic mutations

[91] Somatic mutations comprise DNA alterations in non-germline cells and
commonly occur in cancer cells. It has been discovered herein that certain somatic mutations in
cancer cells result in the expression of neoepitopes, that in some embodiments transition a stretch
of amino acids from being recognized as “self” to “non-self”. According to the present
invention, a cancer cell harboring a “non-self” antigen is likely to elicit an immune response
against the cancer cell. Immune responses against cancer cells can be enhanced by an immune
checkpoint modulator. The present invention teaches that cancers expressing neoepitopes may

be more responsive to therapy with immune checkpoint modulator. Among other things, the
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present invention provides strategies for improving cancer therapy by permitting identification
and/or selection of particular patients to receive (or avoid) therapy. The present invention also
provides technologies for defining neoeptiopes, or sets thereof, whose presence is indicative of a
particular clinical outcome of interest (e.g., responsiveness to therapy, for example with a
particular immune checkpoint modulator and/or risk of developing a particular undesirable side
effect of therapy). The present invention defines and/or permits definition of one or more
neoepitope “signatures” associated with beneficial (or undesirable) response to immune

checkpoint modulator therapy.

[92] In some embodiments, a somatic mutation results in a neoantigen or neoepitope.
Among other things, the present disclosure demonstrates the existence of neoepitopes, arising
from somatic mutation, whose presence is associated with a particular response to immune
checkpoint modulator therapy. In some embodiments, a neoepitope is or comprises a
tetrapeptide, for example that contributes to increased binding affinity to MHC Class I molecules
and/or recognition by cells of the immune system (i.e. T cells) as “non-self”. In some particular
embodiments, a somatic mutation results in a neoepitope comprising a tetrapeptide listed in
Table 1. In some embodiments, a neoepitope shares a consensus sequence with an antigen from

an infectious agent.

[93] In some embodiments, a neoepitope signature of interest in accordance with the
present invention is or comprises a neoepitope or set thereof whose presence in a tumor sample
correlates with a particular clinical outcome. The present disclosure demonstrates the effective
definition of such a neoepitope signature. In some embodiments, a useful signature is or
comprises one or more of the consensus tetrapeptide somatic neoeptopes found in Table 1; in
some embodiments, a useful signature is or comprises one or more of the tetrapeptide somatic
neoepitopes underlined in Table 2; in some embodiments, a useful signature is or comprises one
or more of the nonamer peptides found in Table 2. In some embodiments, a useful signature is
or comprises at least 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 7-, 71,72, 73, 74, 75,

or more neoepitopes. In some embodiments, the present disclosure provides technologies for
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defining and/or detecting neopetiope signatures, and particulary those relevant to immune

checkpoint modulator therapy.

[94] Among other things, the present disclosure demonstrates definition of neoepitopes
and neoepitope signatures associated with a particular response or response feature (e.g.,
responsiveness to therapy or risk of side effect) of immune checkpoint modulator therapy. In the
particular Examples presented herein, such definition is achieved by comparing genetic sequence
information from a first plurality of tumor samples, which first plurality contains samples that
share a common response feature to immune checkpoint modulator therapy, with that obtained
from a second plurality of tumor samples, which second plurality contains samples that do not
share the common response feature but are otherwise comparable to those of the first set, so that
the comparison defines genetic sequence elements whose presence is associated or correlates
with the common response feature. The present disclosure specifically demonstrates that
increased mutational burden can correlate with a response feature (e.g., with responsiveness to
therapy), but also demonstrates that such increased mutational burden alone may not be
sufficient to predict the response feature. The present disclosure demonstrates that, when such
somatic mutation generates neoeptiopes, a useful neoeptiope signature associated with the
response feature can be defined. The present disclosure provides specific technologies for

defining and utilizing such signatures.

[95] In some embodiments, a cancer cell comprising a neoepitope is selected from a
carcinoma, sarcoma, melanoma, myeloma, leukemia, or lymphoma. In some embodiments, a
cancer cell comprising a neoepitope is a melanoma. In some embodiments, a cancer cell

comprising a neoepitope is a non-small-cell lung carcinoma.

Table 1. Exemplary consensus tetrapeptide somatic neoepitopes in melanoma

Tetramer SEQ ID NO.
AARA 1
ALLN 2
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ALSV 3

AVLS 4

DSSE 5

EADL 6

KEEF 7

LERE 8

LSLA 9

LSSV 10
PNSS 11
SLGL 12
SSGL 13
SSVL 14
EKLS 15
FLGS 16
FSLN 17
KKIL 18
LSLL 19
LTAT 20
QLPP 21
SASA 22
SSAF 23
VLSS 24
DKSL 25
EVLL 26
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LAPE 27
LKEL 28
LLFL 29
LLQL 30
LPPL 31
LSPG 32
PPLL 33
RGSS 34
SPPP 35
SPSS 36
SSLE 37
SSRS 38
VAAL 39
EEEE 40
LAAL 41
LGSL 42
LKKK 43
LLLL 44
LLLV 45
LLSL 46
LPPP 47
LSSL 48
SSLA 49
VTKE 50
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ELEE 51
KIKA 52
KILS 53
KLGI 54
KLPA 55
LSKA 56
PPSQ 57
QKLG 58
SLLA 59
VSFV 60
EDLL 61
EILE 62
LENF 63
VLEE 64
GPSP 65
GSFS 66
LFGN 67
LKKR 68
PFLP 69
PPPP 70
RKLS 71
LSLS 72
LLKK 126
ESSA 127
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Table 2. Neoepitope Sets Associated with Response to CTLA-4 Blockade (e.g., via

Ipilimumab Treatment).

Tetrapeptide neoepitopes in each nonamer are underlined.

CR signature CR+long SD signature

Tetra- SEQ Mutant 9mer SEQ | Tetra- SEQ Mutant 9mer SEQ
peptide ID ID peptide ID ID
NO NO NO NO
AARA 1 RTAARAVSP 73 EKLS 15 REKLSILCT 126
QGAARARVL 74 QEKLSIRQG 127
EEAARAVDD 75 KPNNEKLST 128
ALLN 2 RLVALLNHI 76 QEQEEKLSF 129
SLSALLNIF 77 RYTTIEKLS 130

ALLNLSSRC 78 FLGS 16 FLGSLGAEG | 131

ALSV 3 VPALSVITD 79 GSSDFLGSG 132
ALSVSGKRE 80 GNVVELGSA 133

SQQYQALSV 81 SEKTCELGS 134

AVLS 4 LAVLSSLFL ) NSCILELGS 135
SRAVLSSFS 83 LPPDNFLGS | 136

NTSAVLSQS 84 FSLN 17 VSILESLNL 137

AVLSLPGAQ | 85 VESLNPDTG | 138
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CR signature CR+long SD signature

Tetra- SEQ Mutant 9mer SEQ | Tetra- SEQ Mutant 9mer SEQ

peptide ID ID peptide ID ID
NO NO NO NO

DSSE 5 GDSSEDSSG 86 KESLNGGYW 139
DSSEIGAVL 87 GWANESLNP 140

ALGDSSERV ]8 QESLNRGCK 141

EADL 6 AEILEADLQ 89 KKIL 18 SLKAIKKIL 142
DAEADLVGR 90 VHGKKILRT 143

VEADLTAVG 91 VKSMKKKIL 144

KEEF 7 NIAVKEEFN 92 SATKKILIV 145
IKEEFDYIS 93 LKRKKKILS 146

QGEEIKEEF 94 LSLL 19 LLSLLVTTS 147

LERE 8 EEDALEREG 95 HKVLSLLWN 148
GLEREGFTF 926 IGRLSLLNP 149

REIVXLERE 97 SFLSLLFFC 150

LSLA 9 KRLLSLATT 98 LTAT 20 KGETLTATP 151
ISYLSLAHM 99 AHNLCLTAT 152

GDVMFLSLA 100 VPDSLTATT 153

LFNDHLSLA 101 NLTATEVVV 154
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CR signature CR+long SD signature

Tetra- SEQ Mutant 9mer SEQ | Tetra- SEQ Mutant 9mer SEQ

peptide ID ID peptide ID ID
NO NO NO NO

LSSV 10 LSSVFFVEV 102 QLPP 21 KSPSNQLPP 155
ISPLLSSVL 103 KSPSNQLPP | 156

LLSSVDGVS 104 SVGDCQLPP | 157

PNSS 11 CNPNSSGLN 105 FLSQNQLPP | 158
FMYLQPNSS 106 SASA 22 SASATHQAD 159

PVGPNSSKG 107 VCSASAGRN | 160

SLGL 12 FLDSSLGLC 108 YMDLMSASA | 161
KLSSLGLRG 109 SSKGLSASA 162

GPASLGLPA 110 SSAF 23 GTVSSSAFL 163

SSGL 13 CNPNSSGLN 111 YPFSSSAFEN 164
PGLFSSGLY 112 ESSAFLLNS | 165

GPASSGLPA 113 LSSAFRRSC | 166

EFRGSSGLL 114 VLSS 24 DYVLSSEYY 167

SSLA 49 FSTNSSLAK 115 LAVLSSLFL 168
QGMPSSLAQ 116 SRAVLSSFS 169

SVLPSSLAA | 117 VLSSLEGNI | 170
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CR signature CR+long SD signature
Tetra- SEQ Mutant 9mer SEQ | Tetra- SEQ Mutant 9mer SEQ
peptide ID ID peptide ID ID
NO NO NO NO
SSLE 37 EDILNSSLE 118 AVLSSPGAQ 171
SGSSLEKEL 119 VMQGIVLSS 172

KQKSSLETP 120

VLSSLEGNI 121

YTTSSLECG 122

SSVL 14 ISPLLSSVL 123

SPSSVLGFH 124

SSVLPVNGK 125

Immune checkpoint modulation

Immune checkpoints refer to inhibitory pathways of the immune system that are
responsible for maintaining self-tolerance and modulating the duration and amplitude of

physiological immune responses.

Certain cancer cells thrive by taking advantage of immune checkpoint pathways as a
major mechanism of immune resistance, particularly with respect to T cells that are specific for
tumor antigens. For example, certain cancer cells may overexpress one or more immune
checkpoint proteins responsible for inhibiting a cytotoxic T cell response. Thus, immune
checkpoint modulators may be administered to overcome the inhibitory signals and permit and/or
augment an immune attack against cancer cells. Immune checkpoint modulators may facilitate

immune cell responses against cancer cells by decreasing, inhibiting, or abrogating signaling by
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negative immune response regulators (e.g. CTLA4), or may stimulate or enhance signaling of

positive regulators of immune response (e.g. CD28).

Immunotherapy agents targeted to immune checkpoint modulators may be administered
to encourage immune attack targeting cancer cells. Immunotherapy agents may be or include
antibody agents that target (e.g., are specific specific for) immune checkpoint modulators.
Examples of immunotherapy agents include antibody agents targeting one or more of CTLA-4,

PD-1, PD-L1, GITR, 0X40, LAG-3, KIR, TIM-3, CD28, CD40, ; and CD137.

Specific examples of antibody agents may include monoclonal antibodies. Certain
monoclonal antibodies targeting immune checkpoint modulators are available. For instance,

ipilumimab targets CTLA-4; tremelimumab targets CTLA-4; pembrolizumab targets PD-1, etc..

Detection of neoepitopes

[96] Cancers may be screened to detect neoepitopes using any of a variety of known
technologies. In some embodiments, neoepitopes, or expression thereof, is detected at the
nucleic acid level (e.g., in DNA or RNA). In some embodiments, neopeitopes, or expression
thereof, is detected at the protein level (e.g., in a sample comprising polypeptides from cancer
cells, which sample may be or comprise polypeptide complexes or other higher order structures

including but not limited to cells, tissues, or organs).

[97] In some particular embodiments, one or more neoepitopes are detected by whole
exome sequencing. In some embodiments, one or more neoepitopes are detected by
immunoassay. In some embodiments, one or more neoepitopes are detected by microarray. In
some embodiments, one or more neoepitopes may be detected using massively parallel exome
sequencing sequencing. In some embodiments, one or more neoepitopes may be detected by
genome sequencing. In some embodiments, one or more neoepitopes may be detected by RNA
sequencing. In some embodiments, one or more neoepitopes may be detected by standard DNA
or RNA sequencing. In some embodiments, one or more neoepitopes may be detected by mass

spectrometry.

[98] In some embodiments, one or more neoepitopes may be detected at the nucleic

acid level using next generation sequencing (DNA and/or RNA). In some embodiments, Next-
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neoepitopes, or expression thereof may be detected using genome sequencing, genome
resequencing, targeted sequencing panels, transcriptome profiling (RNA-Seq), DNA-protein
interactions (ChIP-sequencing), and/or epigenome characterization. In some embodiments, re-

sequencing of a patient’s genome may be utilized, for example to detect genomic variations.

[99] In some embodiments, one or more neoepitopes may be detected using a
technique such as ELISA, Western Tranfer, immunoassay, mass spectrometry, microarray

analysis, etc.

[100] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are

described herein.

Methods of treatment

[101] In some embodiments, the invention provides methods for identifying cancer
patients that are likely to respond favorably to treatment with an immune checkpoint modulator.
In some embodiments, the invention provides methods for identifying a cancer patient that is
likely to respond favorably to treatment with an immune checkpoint modulator and treating the
patient with an immune checkpoint modulator. In some embodiments, the invention provides
methods of treating a cancer patient with an immune checkpoint modulator who has previously
been identified as likely to respond favorably to treatment with an immune checkpoint
modulator. In some embodiments, the invention provides methods for identifying a cancer
patient that is not likely to respond favorably to treatment with an immune checkpoint modulator
and not treating the patient with an immune checkpoint modulator. In some embodiments, the
invention provides methods for identifying a cancer patient who is likely to suffer one or more
autoimmune complications if administered an immune checkpoint modulator. In some
embodiments, the invention provides methods for treating a cancer patient with an
immunosuppressant who has previously identified as likely to suffer one or more autoimmune

complications if treated with an immune checkpoint modulator. In some embodiments, the
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immunosuppressant is administered to the patient prior to or concomitantly with an immune

checkpoint modulator.

Administration of immune checkpoint modulators

[102] In accordance with certain methods of the invention, an immune checkpoint
modulator is or has been administered to an individual. In some embodiments, treatment with an
immune checkpoint modulator is utilized as a sole therapy. In some embodiments, treatement

with an immune checkpoint modulator is used in combination with one or more other therapies.

[103] Those of ordinary skill in the art will appreciate that appropriate formulations,
indications, and dosing regimens are typically analyzed and approved by government regulatory
authorities such as the Food and Drug Administration in the United States. For example,
Example 5 presents certain approved dosing information for ipilumimab, an anti-CTL-4
antibody. In many embodiments, an immune checkpoint modulator is administered in
accordance with the present invention according to such an approved protocol. However, the
present disclosure provides certain technologies for identifying, characterizing, and/or selecting
particular patients to whom immune checkpoint modulators may desirably be administered. In
some embodiments, insights provided by the present disclosure permit dosing of a given immune
checkpoint modulator with greater frequency and/or greater individual doses (e.g., due to
reduced susceptibiloity to and/or incidence or intensity of undesirable effects) relative to that
recommended or approved based on population studies that include both individuals identified as
described herein (e.g., expressing neoepitopes) and other individuals. In some embodiments,
insights provided by the present disclosure permit dosing of a given immune checkpoint
modulator with reduced frequency and/or reduced individual doses (e.g., due to increased
responsiveness) relative to that recommended or approved based on population studies that
include both individuals identified as described herein (e.g., expressing neoepitopes) and other

individuals.

[104] In some embodiments, an immune system modulator is administered in a

pharmaceutical composition that also comprises a physiologically acceptable carrier or excipient.
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In some embodiments, a pharmaceutical composition is sterile. In many embodiments, a

pharmaceutical composition is formulated for a particular mode of administration.

[105] Suitable pharmaceutically acceptable carriers include but are not limited to water,
salt solutions (e.g., NaCl), saline, buffered saline, alcohols, glycerol, ethanol, gum arabic,
vegetable oils, benzyl alcohols, polyethylene glycols, gelatin, carbohydrates such as lactose,
amylose or starch, sugars such as mannitol, sucrose, or others, dextrose, magnesium stearate,
talc, silicic acid, viscous paraffin, perfume oil, fatty acid esters, hydroxymethylcellulose,
polyvinyl pyrrolidone, etc., as well as combinations thereof. A pharmaceutical preparation can,
if desired, comprise one or more auxiliary agents (e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring, flavoring
and/or aromatic substances and the like) which do not deleteriously react with the active
compounds or interference with their activity. In some embodiments, a water-soluble carrier

suitable for intravenous administration is used.

[106] In some embodiments, a pharmaceutical composition or medicament, if desired,
can contain an amount (typically a minor amount) of wetting or emulsifying agents, and/or of pH
buffering agents. In some embodiments, a pharmaceutical composition can be a liquid solution,
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. In some
embodiments, a pharmaceutical composition canbe formulated as a suppository, with traditional
binders and carriers such as triglycerides. Oral formulation can include standard carriers such as
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, polyvinyl pyrrolidone,

sodium saccharine, cellulose, magnesium carbonate, etc.

[107] In some embodiments, a pharmaceutical composition can be formulated in
accordance with the routine procedures as a pharmaceutical composition adapted for
administration to human beings. For example, in some embodiments, a composition for
intravenous administration typically is a solution in sterile isotonic aqueous buffer. Where
necessary, acomposition may also include a solubilizing agent and a local anesthetic to ease pain
at the site of the injection. Generally, ingredients are supplied either separately or mixed
together in unit dosage form, for example, as a dry lyophilized powder or water free concentrate
in a hermetically sealed container such as an ampule or sachet indicating the quantity of active

agent. Where a composition is to be administered by infusion, it can be dispensed with an
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infusion bottle containing sterile pharmaceutical grade water, saline or dextrose/water. Where a
composition is administered by injection, an ampule of sterile water for injection or saline can be

provided so that the ingredients may be mixed prior to administration.

[108] In some embodiments, an immune checkpoint modulator can be formulated in a
neutral form; in some embodiments it may be formulated in a salt form. Pharmaceutically
acceptable salts include those formed with free amino groups such as those derived from
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with free carboxyl
groups such as those derived from sodium, potassium, ammonium, calcium, ferric hydroxides,

isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.

[109] Pharmaceutical compositions for use in accordance with the present invention
may be administered by any appropriate route. In some embodiments, a pharmaceutical
compostion is administered intravenously. In some embodiments, a pharmaceutical composition
is administered subcutancously. In some embodiments, a pharmaceutical composition is
administered by direct administration to a target tissue, such as heart or muscle (e.g.,
intramuscular), or nervous system (e.g., direct injection into the brain; intraventricularly;
intrathecally). Alternatively or additionally, in some embodiments, a pharmaceutical
composition is administered parenterally, transdermally, or transmucosally (e.g., orally or

nasally). More than one route can be used concurrently, if desired.

[110] Immune checkpoint modulators (or a composition or medicament containing an
immune checkpoint modulator, can be administered alone, or in conjunction with other immune
checkpoint modulators. The term, “in conjunction with,” indicates that a first immune
checkpoint modulator is administered prior to, at about the same time as, or following another
immune checkpoint modulator. For example, a first immune checkpoint modulator can be mixed
into a composition containing one or more different immune checkpoint modulators, and thereby
administered contemporancously; alternatively, the agent can be administered
contemporaneously, without mixing (e.g., by “piggybacking” delivery of the agent on the
intravenous line by which the immune checkpoint modulator is also administered, or vice versa).
In another example, the immune checkpoint modulator can be administered separately (e.g., not
admixed), but within a short time frame (e.g., within 24 hours) of administration of the immune

checkpoint modulator.
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[111] In some embodiments, subjects treated with immune checkpoint modulators are
administered one or more immunosuppressants. In some embodiments, one or more
immunosuppressants are administered to decrease, inhibit, or prevent an undesired autoimmune
response (e.g., enterocolitis, hepatitis, dermatitis (including toxic epidermal necrolysis),
neuropathy, and/or endocrinopathy), for example, hypothyroidism. Exemplary
immunosuppressants include steroids, antibodies, immunoglobulin fusion proteins, and the like.
In some embodiments, an immunosuppressant inhibits B cell activity (e.g. rituximab). In some

embodiments, an immunosuppressant is a decoy polypeptide antigen.

[112] In some embodiments, immune checkpoint modulators (or a composition or
medicament containing immune checkpoint modulators) are administered in a therapeutically
effective amount (e.g., a dosage amount and/or according to a dosage regimen that has been
shown, when administered to a relevant population, to be sufficient to treat cancer, such as by
ameliorating symptoms associated with the cancer, preventing or delaying the onset of the
cancer, and/or also lessening the severity or frequency of symptoms of cancer). In some
embodiments, long term clinical benefit is observed after treatment with immune checkpoint
modulators, including, for example, CTLA-4 blockers such as ipilumimab or tremelimumab,
and/or other agents. Those of ordinary skill in the art will appreciate that a dose which will be
therapeutically effective for the treatment of cancer in a given patient may depend, at least to
some extent, on the nature and extent of cancer, and can be determined by standard clinical
techniques. In some embodiments, one or more in vitro or in vivo assays may optionally be
employed to help identify optimal dosage ranges. In some embodmients, a particular dose to be
employed in the treatment of a given individual may depend on the route of administration, the
extent of cancer, and/or one or more other factors deemed relevant in the judgment of a
practitioner in light of patient’s circumstances. In some embodiments, effective doses may be
extrapolated from dose-response curves derived from in vitro or animal model test systems (e.g.,
as described by the U.S. Department of Health and Human Services, Food and Drug
Administration, and Center for Drug Evaluation and Research in “Guidance for Industry:
Estimating Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult

Healthy Volunteers”, Pharmacology and Toxicology, July 2005.
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[113] In some embodiments, a therapeutically effective amount of an immune check
point modulator can be, for example, more than about 0.01 mg/kg, more than about 0.05 mg/kg,
more than about 0.1 mg/kg, more than about 0.5 mg/kg, more than about 1.0 mg/kg, more than
about 1.5 mg/kg, more than about 2.0 mg/kg, more than about 2.5 mg/kg, more than about 5.0
mg/kg, more than about 7.5 mg/kg, more than about 10 mg/kg, more than about 12.5 mg/kg,
more than about 15 mg/kg, more than about 17.5 mg/kg, more than about 20 mg/kg, more than
about 22.5 mg/kg, or more than about 25 mg/kg body weight. In some embodiments, a
therapeutically effective amount can be about 0.01-25 mg/kg, about 0.01-20 mg/kg, about 0.01-
15 mg/kg, about 0.01-10 mg/kg, about 0.01-7.5 mg/kg, about 0.01-5 mg/kg, about 0.01-4 mg/kg,
about 0.01-3 mg/kg, about 0.01-2 mg/kg, about 0.01-1.5 mg/kg, about 0.01-1.0 mg/kg, about
0.01-0.5 mg/kg, about 0.01-0.1 mg/kg, about 1-20 mg/kg, about 4-20 mg/kg, about 5-15 mg/kg,
about 5-10 mg/kg body weight. In some embodiments, a therapeutically effective amount is
about 0.01 mg/kg, about 0.05 mg/kg, about 0.1 mg/kg, about 0.2 mg/kg, about 0.3 mg/kg, about
0.4 mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7 mg/kg, about 0.8 mg/kg, about 0.9
mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/kg about 1.4 mg/kg,
about 1.5 mg/kg, about 1.6 mg/kg, about 1.7 mg/kg, about 1.8 mg/kg, about 1.9 mg/kg, about 2.0
mg/kg, about 2.5 mg/kg, about 3.0 mg/kg, about 4.0 mg/kg, about 5.0 mg/kg, about 6.0 mg/kg,
about 7.0 mg/kg, about 8.0 mg/kg, about 9.0 mg/kg, about 10.0 mg/kg, about 11.0 mg/kg, about
12.0 mg/kg, about 13.0 mg/kg, about 14.0 mg/kg, about 15.0 mg/kg, about 16.0 mg/kg, about
17.0 mg/kg, about 18.0 mg/kg, about 19.0 mg/kg, about 20.0 mg/kg, body weight, or more. In
some embodiments, the therapeutically effective amount is no greater than about 30 mg/kg, no
greater than about 20 mg/kg, no greater than about 15 mg/kg, no greater than about 10 mg/kg, no
greater than about 7.5 mg/kg, no greater than about 5 mg/kg, no greater than about 4 mg/kg, no
greater than about 3 mg/kg, no greater than about 2 mg/kg, or no greater than about 1 mg/kg
body weight or less.

[114] In some embodiments, the administered dose for a particular individual is varied

(e.g., increased or decreased) over time, depending on the needs of the individual.

[115] In yet another example, a loading dose (e.g., an initial higher dose) of a

therapeutic composition may be given at the beginning of a course of treatment, followed by
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administration of a decreased maintenance dose (e.g., a subsequent lower dose) of the therapeutic

composition.

[116] Without wishing to be bound by any theories, it is contemplated that a loading
dose may clear out an initial and, in some cases massive, accumulation of undesirable materials
(e.g., fatty materials and/or tumor cells, etc) in tissues (e.g., in the liver), and maintenance dosing

may delay, reduce, or prevent buildup of fatty materials after initial clearance.

[117] It will be appreciated that a loading dose and maintenance dose amounts,
intervals, and duration of treatment may be determined by any available method, such as those
exemplified herein and those known in the art. In some embodiments, a loading dose amount is
about 0.01-1 mg/kg, about 0.01-5 mg/kg, about 0.01-10 mg/kg, about 0.1-10 mg/kg, about 0.1-20
mg/kg, about 0.1-25 mg/kg, about 0.1-30 mg/kg, about 0.1-5 mg/kg, about 0.1-2 mg/kg, about
0.1-1 mg/kg, or about 0.1-0.5 mg/kg body weight. In some embodiments, a maintenance dose
amount is about 0-10 mg/kg, about 0-5 mg/kg, about 0-2 mg/kg, about 0-1 mg/kg, about 0-0.5
mg/kg, about 0-0.4 mg/kg, about 0-0.3 mg/kg, about 0-0.2 mg/kg, about 0-0.1 mg/kg body
weight. In some embodiments, a loading dose is administered to an individual at regular
intervals for a given period of time (e.g., 1,2, 3,4,5,6,7,8,9, 10, 11, 12 or more months)
and/or a given number of doses (e.g., 1,2, 3,4,5,6,7,8,9, 10, 15, 20, 25, 30 or more doses),
followed by maintenance dosing. In some embodiments, a maintenance dose ranges from 0 — 2
mg/kg, about 0-1.5 mg/kg, about 0-1.0 mg/kg, about 0-0.75 mg/kg, about 0-0.5 mg/kg, about 0-
0.4 mg/kg, about 0-0.3 mg/kg, about 0-0.2 mg/kg, or about 0-0.1 mg/kg body weight. In some
embodiments, a maintenance dose is about 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8,0.9,1.0,1.2, 1.4, 1.6, 1.8, or 2.0 mg/kg body weight. In some embodiments,
maintenance dosing is administered for 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12 or more months. In
some embodiments, maintenance dosing is administered for 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more
years. In some embodiments, maintenance dosing is administered indefinitely (e.g., for life

time).

[118] A therapeutically effective amount of an immune checkpoint modulator may be
administered as a one-time dose or administered at intervals, depending on the nature and extent
of the cancer, and on an ongoing basis. Administration at an “interval,” as used herein indicates

that the therapeutically effective amount is administered periodically (as distinguished from a
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one-time dose). The interval can be determined by standard clinical techniques. In some
embodiments, an immune checkpoint modulator is administered bimonthly, monthly, twice
monthly, triweekly, biweekly, weekly, twice weekly, thrice weekly, or daily. The administration
interval for a single individual need not be a fixed interval, but can be varied over time,

depending on the needs and rate of recovery of the individual.

[119] As used herein, the term “bimonthly” means administration once per two months
(i.e., once every two months); the term “monthly” means administration once per month; the
term “triweekly” means administration once per three weeks (i.e., once every three weeks); the
term “biweekly” means administration once per two weeks (i.e., once every two weeks); the term
“weekly” means administration once per week; and the term “daily” means administration once

per day.

[120] The invention additionally pertains to a pharmaceutical composition comprising
an immune checkpoint modulator, as described herein, in a container (e.g., a vial, bottle, bag for
intravenous administration, syringe, etc.) with a label containing instructions for administration

of the composition for treatment of cancer.
EXAMPLES

[121] The following examples are provided so as to describe to those of ordinary skill in
the art how to make and use methods and compositions of the invention, and are not intended to

limit the scope of what the inventors regard as their invention.

Overview

[122] Immune checkpoint blockade is a new therapeutic paradigm that has led to
durable anti-tumor effects in patients with metastatic melanoma, non-small cell lung cancer, and
other tumor types, but what determines whether a patient will respond remains elusive.'” This is
one of the most critical unanswered questions in the field of cancer immunotherapy. The fully
human monoclonal antibodies ipilimumab and tremelimumab block cytotoxic T-lymphocyte
antigen 4 (CTLA-4), resulting in T cell activation.*® Pembrolizumab is drug that targets the
programmed cell death 1 (PD-1) receptor as a treatment for metastatic melanoma. A number of

studies have established correlations between outcomes to ipilimumab and peripheral blood
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lymphocyte count, antigen specific immunity, markers of T cell activation, * an “inflammatory”

microenvironment’ 2, and maintenance of high-frequency TCR clonotypes.”

[123] It is unknown, however, whether a tumor’s genetic profile dictates response to
CTLA-4 blockade (e.g., via ipilimumab). Relationships between and among tumor genetic
landscape, mutation load, and benefit from treatment have been the subject of investigation.
Immunogenicity resulting from nonsynonymous melanoma mutations has been illustrated in a
mouse model,"” and the antigenic diversity of human melanoma tumors has been modeled in
silico.'* Effector and helper T cell function and regulatory T-cell depletion are necessary for
anti-CTLA-4 efficacy,””" as is depletion of regulatory T cells'® but no association between
specific HLA type and clinical benefit has been observed.”® Melanomas have the greatest

mutational burden (0.5 to greater than 100 mutations per megabase) of any solid tumor.'*°

21,22

Studies have shown that somatic mutations can give rise to neoepitopes” *“* and that these may

232 The hypothesis that ipilumimab

serve as neoantigens in preclinical models and in patients.
response is dictated by the tumor cell genome is relevant. Previous research has demonstrated a
lack of association between specific HLA type and ipilimumab response.” This study
investigates whether a tumor’s genetic landscape determines clinical response to CTLA-4

blockade (e.g., via treatement with agents such as ipilimumab or tremelimumab)."®

[124] To explore this hypothesis, for a discovery set, we conducted whole exome
sequencing of DNA from tumor and matched normal blood of 25 ipilimumab-treated patients
(Table 3), followed by an additional 39 tumors as validation, of whom five were treated with
tremelimumab. We found that a higher mutational burden was correlated with, but alone was
insufficient to predict, a strong clinical benefit from CTLA-4 blockade (e.g. via ipilimumab or
tremelimumab). Instead, mutations in tumors from patients with clinical benefit from CTLA-4
blockade harbored shared somatic neoepitopes. Here, we demonstrate a genetic basis for clinical
response to immune checkpoint inhibition and define a neoepitope landscape underlying

response to therapy.

[125] Those skilled in the art, reading the present disclosure will appreciate that
particular examples included herein are representative and not limiting. For example, those
skilled in the art, reviewing the data for ipilimumab response in melanoma, as provided in detail

below, represent proof of concept and establish that neoepitope mutation signatures can be
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predictive of response to immune checkpoint modulators. Those of ordinary skill in the art,
reading the present disclosure, will appreciate and understand that the approach is broadly

applicable across cancers and immune checkpoint modulator therapies.

Example 1. Mutational landscape of melanomas from patients with diverse clinical outcomes to
ipilimumab

[126] This example illustrates analysis of the genetic landscape of cancer, and
demonstrates its effectiveness in defining useful hallmarks of patients that respond favorably or
poorly to an immune checkpoint modulator. The example particularly exemplifies analysis of
melanoma patients treated with CTLA-4 blockade (e.g. ipilimumab), and defines exemplary
genetic characteristics in such patients.

[127] Melanoma patients treated with CTLA-4 blocking agents demonstrate an overall

. . 1,27-29
survival advantage and diverse responses.

Table 3.

Baseline patient characteristics are described in

Table 3. Clinical characteristics of patients in the discovery set and validation set

Discovery Set Validation Set

Long-Term  Minimal or No Long-Term Minimal or No

Benefit Benefit Benefit Benefit

Total 11 14 25 14
Age at start of treatment 66(33-90) 57 (18-74)
(median, range) 63 (39-70) 59.5 (48-79)
Gender (n, %)

F (n, %) 3(27) 8 (57) 9 (36) 5(36)

M (n, %) 8 (73) 6 (43) 16(64) 9 (64)
Disease origin (n, %)

Acral 0(0) 3(21) 1(4) 1(7)
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Uveal
Cutaneous
Unknown primary
Not available

BRAF or NRAS mutation (n,
%)

Absent

Present

LDH at start of therapy (n, %)
Normal
Above normal

Not available

Duration of response (median
weeks, range)

Prior therapies (median
number, range)*

Stage at Diagnosis (n, %)
Iic
Mla
M1b

Milc

Overall Survival (median years,
range)

0 (0)
10 (82)
1(9)

0 (0)

19)

10 (91)

8 (73)
2 (18)

19)

59 (42-361+)

1(0-3)

0 (0)
0 (0)
5 (45)

6 (55)

4.4 (2-6.9)

0(0) 1(4)
8 (57) 15 (60)
3(21) 3 (0.12)
0 (0) 5(20)
6 (43) 17 (68)
8 (57) 8 (32)
8 (57) 8 (32)
5(33) 3(12)
1(7) 14 (56)
130 (64-376)
14 (11-23)
0 (0-2)
1(0-2)
0 (0) 3(12)
1(7) 4 (16)
1(7) 2(8)
12 (86) 16 (64)
3.3 (1.6-7.2)
0.9 (0.4-2.7)
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0 (0)
11 (79)
0(0)

2(14)

11 (79)

3(21)

9 (64)
3(21)
2 (14)

11 (3-29)

0 (0-3)

0 (0)
1(7)
3(21)
10 (71)

0.8 (0.2-2.1)
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[128] Included in this study were patients with or without long-term clinical benefit.
Here, we define long-term clinical benefit as either (1) patients radiographically free of discase
(NED) (from CTLA-4 blocking agents alone or with resection of an isolated stable or non-
responding lesion); or (2) patients with evidence of stable or decreased volume of disease for > 6
months. We define absence of clinical benefit as tumor growth at every scan after the initiation
of treatment (no benefit or response), or temporary clinical benefit or response lasting < 6

months (minimal benefit) (representative scans, Figure 1A-C and Figures 9A-C).

[129] To determine the genetic landscape of response from CTLA-4 blocking agents,
we analyzed tumor and matched blood DNA using whole exome sequencing. In the discovery
set, we generated 6.4 GB of mapped sequence, with over 90% of the target sequence covered to
at least 10X depth and mean exome coverage of 103X (Fig. 5). The results of a validation set
are depicted in Figure 15. The wide range of mutational burdens among samples (Fig. 2A and

2B) and recurrent and driver mutations (Fig. 6A and 6C), were consistent with the literature.”**

[130] In discovery and validation sets, there was a similar ratio of transitions to
transversions (Fig. 2C, 2I), as well as mutation types and nucleotide changes (Fig. 2D and Fig.
6B and 6D)."”” No gene was universally mutated across responders or patients who derived
benefit. Mutations in known, recurrent melanoma driver genes were observed in each group

(Fig. 7A and 7B) and responses were seen in melanomas with a diversity of driver mutations.”

Example 2. Somatic neoepitopes associated with treatment efficacy

[131] This example demonstrates that somatic neoepitopes are associated with efficacy
of treatment with an immune checkpoint modulator and, among other things, defines a

neoepitope signature linked to response to a particular exemplary modulator (i.e., ipilimumab).

[132] Mutational burden correlates with clinical benefit but alone is not sufficient to

predict outcome

[133] We hypothesized that increased mutational burden in metastatic melanoma
samples might correlate with response to CTLA-4 blockage (e.g., to treatment with agents such
as ipilimumab, tremelimumab, etc). There was a significant difference in mutational load

between patients with long-term clinical benefit (LB) versus minimal or no clinical benefit (NB)

-49-



WO 2015/103037 PCT/US2014/072125

from CTLA-4 blocking agents in the discovery set (Fig. 2B, Mann Whitney test, p=0.013), and
in the validation set (Fig. 7C and 7D, Mann Whitney test, p=0.009). In the discovery set,
mutation load correlated with improved overall survival (Fig. 2E, Log-Rank test, p=0.041) and
trended towards improved survival in the validation set (Fig. 2E, and Fig. 2H). The latter set
included eight non-responding tumors resected from patients who otherwise achieved systemic
disease control, which may confound the realtionshipo between mutational load and survival.
Further subdivision into four clinical categories was suggestive of a dose-response in the
discovery set (Fig. 7E). These data indicate that a high mutational load correlates with clinical
benefit from CTLA-4 blocking agents (e.g. ipilimumab), but alone is not sufficient to impart a

clinical response, as there are tumors with high mutational burden that did not respond.

[134] Somatic neoepitopes common to responding tumors are associated with anti-

CTLA-4 efficacy

[135] MHC class I presentation and cytotoxic T-cell recognition are required for
ipilimumab activity.”” Since mutational load alone did not explain clinical response to
ipilimumab, we hypothesized that the presence of specific tumor neoantigens might explain the
varied therapeutic response. To identify such neoepitopes, a state-of-the-art bioinformatic
pipeline was developed incorporating MHC class I binding prediction, modeling of T cell
receptor binding, patient-specific HLA type and epitope homology analysis (Fig. 8 and
Methods).

[136] Tumor antigen presentation by MHC Class 1 is critical for recognition by T

36,37
cells.™

We created a computational algorithm to translate all nonsynonymous missense
mutations into mutant and wild type peptides (NASeck, Methods, and Fig. 8). We examined
whether a subset of somatic neoepitopes would alter the strength of peptide-MHC binding, using
patient-specific HLA types. We first compared the overall antigenicity trend of all mutant versus
wild type peptides. Intriguingly, in aggregate, the mutant peptides were predicted to bind MHC
Class I with higher affinity than the corresponding wild type peptides (Fig. 10A and 10B, Fig.

10F and 10G).

[137] Using only peptide strings predicted to bind to MHC Class I (IC50<500nM), we

searched for conserved stretches of amino acids shared by multiple tumors, focusing on
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tetrapeptides. These are used in modeling genome phylogeny because they occur relatively
infrequently in proteins and typically reflect function.”® We used standard machine learning,
hierarchical clustering, and signature derivation approaches to identify consensus sequences. We
identified a number of tetrapeptide sequences shared by responders but completely absent from
nonresponders. (Fig. 3A and 3B). In a recently published landmark paper, short amino acid
substrings were shown to comprise conserved regions across antigens recognized by a T-cell
receptor (TCR).*> TCR recognition of epitopes was driven by consensus tetrapeptides, and
tetrapeptides within cross-reacting TCR epitopes were necessary and sufficient to drive
antigenicity and T-cell proliferation. There is strong evidence that this polypeptide length is

sufficient to drive recognition by TCRs.****

[138] Tetrapeptides can form the core of nonapeptides presented by MHC class |
molecules to T cells, or may be located laterally.* Tetrapeptides are used in modeling genome
phylogeny because they occur relatively infrequently in proteins and typically reflect function.
We used the discovery set to generate a predictive signature from the candidate neoepitopes.

The tetrapeptides common to each group (candidate neoepitopes) included 101 shared
exclusively among patients with clinical benefit in the discovery set. This was also independently
observed in the validation set (Fig. 3A, 3B, 3E and 3F and Fig. 12). This set defines a
neoepitope signature linked to benefit from CTLA-4 blockade (e.g., via ipilimumab) (Fig. 3A
and 3B, red line) that was highly statistically significant (p<0.001, Fisher’s Exact test).

[139] Importantly, shared tetrapeptide neoepitopes did not simply result from a higher
mutational load. For example, in the discovery set, the NB patient (nonresponder) with the
greatest number of mutations (SD7357 with 1028 mutations) did not share any of the tetrapeptide
signature (Fig. 3A). This concept was illustrated again in the validation set in which even tumors
with greater than 1000 mutations (NR9521 and NR4631) did not respond (Fig. 3B and Fig. 7C).
Simulation testing using five different models demonstrated that our signature was higjly
statistically significant and unlikely to have resulted by chance alone (p<0.001 for methods a-d
and p+0.002 for method ¢) (Fig. 12). A high mutational load appeared to increase the probability
but not guarantee formation of a neoepitope associated with benefit. Consensus analysis

revealed that the neoepitopes were not random. Frequencies of amino acids that make up the
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tetrapeptides in the benefitting group were different from those observed in the nonbenefitting

group (Fig. 10C, 10D, 101 and 10J).

[140] Neoepitope signatures derived from the discovery set correlated strongly with
survival in the validation set (Fig. 3C and 3D, p<0.0001) and was more efficient at
discriminating outcome than mutational load (Fig. 2D, 2B, 2E, 2H). We analyzed an
independent cohort of melanoma patients treated with ipilimumab (n=15) for which we had

tissue and matching blood and the signature was validated in this independent set (Fig. 3D).

[141] These tetrapeptides were encoded by mutations in diverse genes across the
genome (Fig. 4A, Fig. 14, Figure 19, and Table 4). Using RNASeq data from The Cancer
Genome Atlas (TCGA) we confirmed that the genes harboring our somatic neoepitopes were
widely expressed in melanoma. In some cases, the amino acid change resulting from the somatic
mutation led to a change in the tetrapeptide itself. In others, the mutant amino acid was separate

from the tetrapeptide and altered MHC binding, as has been described.*® ** #4

In addition, candidate neoepitopes common to each clinical group were analyzed using the
Immune Epitope Database (IEDB). This is the most comprehensive database of experimentally
validated, published, and curated antigens and has been used to develop algorithms to identify
antigens with high accuracy.” We found that the candidate neoepitopes common to benefiters
corresponded to many more viral and bacterial antigens in IEDB than the other clinical groups

(Fig. 10E, Fig. 10K).
Table 4: Context, Genes and Loci for Tetrapeptides in the Response Signature

4mer=common tetrapeptide amino acid sequence. Mut=location of mutation. WTSeq=predicted wild type

9 amino acid peptide. MTSeq=predicted mutant 9 amino acid peptide.

4mer Sample Gene Mut WTSeq MTSeq Chr Pos

AATA CR4880 FAM48B1 315074 alaaafaza  ziasaYazs chr 24382384
AATA CRS6%9 C22o0rf42 e 01247 etvaataPa etvaataSa chr? 325550482
AATA 1503484 ZNF335 €.30477 saataaSkk saataabkk chr 445804924
AATA 5014494 DIDO1 18747 apazataas  apaaataslF  <hrig 61528063
AFPS LSD4651 LPP €.241C>T alpsisgnt aFpsisgnf chrd 188202427
AFPS CR9699 ARID5B c35427 afpssglss atpssqlsk chrig 53852764
AFPS shi494 VWDE c.22797 foPitafps folifates chr? 12409653
ATAA CR4880 FAM48B1 CAZEROTA alaaalzaa aiazatTaza chr 24382384
ATAA 1503484 ZNF335 €.30477 saataaSkk saataabkk chr 445804924
ATAA 5014494 DIDO1 18747 apanataa® apaaatasf  chrig 61528063
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[142] For example, the analysis presented in Table 5 and Figure 21 demonstrates that a

tetrapeptide substring ESSA is shared by patients in the benefitting group (see also Fig 4F) and
corresponds to the human cytomegalovirus immediate earlyt epitope (MESSAKRKMDPDNPD).
Additionally, the tetrapeptide substring LLKK may be shared by patients in the LB group; this
substring corresponds to the precise antigenic portion of Toxoplasma gondii granule antigen
(RSFKDLLKK, Fig. 4B)."”* These data suggest that the neoepitopes in patients with strong
clinical benefit from CTLA-4 blockage (e.g., patients with strong responses to ipilimumab and

tremelimumab) may resemble epitopes from pathogens which T cells are geared to recognize.

[143] Using a whole exome sequencing approach, we characterized the entire predicted
antigenic peptide space (see Methods). As further validation of our study, we “rediscovered”

melanoma antigen recognized by T cells (MART-1, also known as MelanA), an experimentally
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37,49-51

validated melanocytic antigen (Fig. 10F). EKLS was shared by complete and long-term

responders, comprises the core amino acids of the MART-1 MHC Class II epitope, and the

phospho-serine moiety is critical to T-cell receptor (TCR) recognition.”"?

Table 5. Sample Site, Size and Type

Patient ID Sample Site Largest Dimension Biopsy Type
CR1509 gluteal lesion 2.5cm resection
CR9306 coracoid lesion 4.7cm resection
CR0O095 groin lesion 0.8cm resection
CR4880 groin lesion 0.6cm resection
CR7623 adrenal gland lcm resection
CR3665 breast lesion 21x16cm resection
CR9699 portal lymph node not documented resection
SD0346 axillary soft tissue 5cm excisional biopsy
SD6336 gluteal lesion not documented resection
SD1494 parietal mass 2.1cm resection
SD2056 lung metastasis 1.5cm resection
SD2051 groin lymph nodes 0.5 to 3cm resection
SD5038 upper back lesion 6.5cm excisional biopsy
SD5934 abdominal tumor 4.5cm excisional biopsy
nodules
SD5118 elbow lesion 3cm excisional biopsy
SD6494 small bowel 10cm resection
metastasis
SD7357 skin and breast 12 cm resection
metastasis
NR3156 gluteal lesion 1.4mm excisional biopsy
NR5784 axillary lymph nodes | 2cm resection
NR8727 axillary lymph nodes | 0.2 to 2.2cm resection
NR4949 parietal metastasis 1.2cm resection
NR1867 groin lymph nodes 0.3 to 4cm resection
NR3549 inguinal lymph 3.2cm excisional biopsy
nodes
NR9341 skin nodules 1.2cm resection
NR4810 small bowel 4.5x3.5x3cm resection
metastasis

Example 3. In vitro analyses of immunogenic peptides
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[144] This example demonstrates the in vitro validation of immunogenic peptides.

[145] Translation of next generation sequencing into in vitro validation of peptide
predictions has proven challenging even in expert hands, with very low published validation
rates.”* In vitro assays are hampered by the paucity of patient material, the sensitivity of
preserved cells to the freeze/thaw process, the low frequency of anti-neoantigen T cells within
patient material, and the very low sensitivity of T cells in vitro in the absence of the complex in

vivo immunogenic microenvironment.

[146] Our system attempted to optimize prediction by integrating multiple high-
throughput approaches (Fig. 8). Based on our prediction algorithm, we generated pools of
peptides and performed T-cell activation assays for patients for whom we had sufficient
lymphocytes (see Methods). Positives pools were observed for 3 of 5 patients (Fig. 11A-C). We
identified the exact peptides for patients with adequate peripheral blood mononuclear cells
(PBMCs). We found a polyfunctional T cell response to the peptide TESPFEQHI by patient
CR9306 (Fig. 4C) as compared to its wild type counterpart TKSPFEQHI. This response peaked
at 60 weeks after initiating treatment (Fig. 4D). T-cell responses were absent from healthy
donors (Fig. 13). This peptide had a predicted MHC Class I affinity for B4402 of 472nM, as
compared to 18323nM for TKSPFEQHI. ESPF is a common tetrapeptide found in the response
signature, and is a substring (positions 176-179) of the Hepatitis D virus large delta epitope p27
(PESPFA and ESPFAR).>*** TESPFEQHI results from a mutation in FAM3C
(c.A577G;p.K193E), a gene highly expressed in melanoma.

[147] We also found that peptide GLEREGFTF elicited a polyfunctional T cell response
in patient CR0095 (Fig. 4E and Fig. 11D), as compared to wild type GLERGGFTF. This
response peaked at 24 weeks post treatment (Fig. 4E). GLEREGFTF arises from a mutation in
CSMD1 (c.G10337A;p.G3446E), which is also highly expressed in melanoma and has 80%
homology to a known Burkholderhia pseudomallei antigen (IEDB Reference ID: 1027043).
Importantly, the lack of T cell activation may not rule out a given neoantigen as in vitro assays

are all limited in sensitivity as described above.

Example 4. Materials and Methods for Examples 1-3
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[148] The present example provides detailed Materials & Methods for the work

presented herein in examples 1-3.

[149] We obtained tumor tissue from melanoma patients who were treated with
ipilimumab. These samples were from ipilimumab-treated patients who experienced a long term
benefit (LB), or minimal/no benefit (NB). Whole exome sequencing was performed on these
tumors and matching normal blood. Somatic mutations and candidate somatic neoantigens

generated from these mutations were identified and characterized.
Patient Data

[150] Charts were reviewed independently by two investigators to assign the clinical
subgroup and other parameters for discovery and validation sets. Overall survival was calculated
as the difference between date of death or censure and first dose of anti-CTLA4 therapy
(ipilimumab in the discovery set or ipilimumab or tremelimumab in the validation set). All
patients in the discovery set had stage IV melanoma and were treated between 2006 and 2012;
samples were collected between 2007 and 2012. Patients in the validation set were treated from
2006 to 2013, and samples were collected between 2005 and 2013. Patients were treated either
with commercial ipilimumab (Yervoy) or on clinical trials, including NCT00796991,
NCT00495066, NCT00920907, NCT00324155, NCT00162123, NCT0140045, NCT00289640;
NCT00495066, NCT00636168, NCT01515189, NCT00086489, and NCT00471887. Patients
received varied doses and regimens of ipilimumab, at 3 or 10mg/kg, and 2 patients were co-
treated with dacarbazine or vemurafenib (see Figure 17). Four patients in the validation set were
treated with tremelimumab at a dose of 10 mg/kg x 6 (1 patient) or 15 mg/kg x 4 (3 patients).
Three out of these 4 patients had stage IIIC disease; all other patients included had stage M1a-c.
Patients were included who had DNA isolated from frozen tissue for analysis, received at least 2
doses of ipilimumab and had one radiographic assessment at least 12 weeks after first treatment.
Two patients in the LB group had an isolated lesion resected in order to render them disease-free.
One progressing lesion (CR7623) was sequenced in the training set. In the validation set, 8
tumors represent the non-responding lesions from patients who otherwise had long-term benefit.
These include CRNR4941, LSDNR1650, CRNR2472, LSDNR1120, CRNR0244, LSDNR9298,
LSDNR3086, and PR03803. All tumors that progressed undergo molecular analysis as “no

benefit” tumors.

-59-



WO 2015/103037 PCT/US2014/072125

[151] Patient data generated in the study has been assembled into a series of tables
detailing the following: clinical characteristics of patients in the validation set; detailed clinical
characteristics of patients in the discovery set; the discovery set mutation list; loci for which
predicted peptide resulting from mutation has a binding affinity of less than 500nm by
NetMHCv3.4; TCGA RNASeq for signature; context, genes and loci for tetrapeptides in the
response signature; validation set mutation list; HLA types, discovery and validation sets; and

sample site, size, and type.
DNA Isolation and Whole Exome Sequencing

[152] Primary tumor samples and matched normal specimens (peripheral blood) were
obtained with written informed consent per approved institutional review board (IRB) protocols.
All specimens were excisional biopsies or resections of clearly visible lesions. All specimens
contained high tumor cellularity. Specimens were snap frozen in liquid nitrogen after surgical
resection or biopsy and stored at —80 °C. Sections stained with hematoxylin and eosin were
prepared, and diagnosis was confirmed by a dermatopathologist. DNA was extracted using

QIAamp DNA mini kit and QIAamp DNA blood mini kit (Qiagen).

[153] Exon capture was performed using the SureSelect Human All Exon S0MB kit
(Agilent). Enriched exome libraries were sequenced on the HiSeq 2000 platform (Illumina) to
>100X coverage (MSKCC Genomics Core and Broad Institute, Cambridge, MA). Alignment,
base-quality score recalibration and duplicate-read removal were performed, germline variants
were excluded, mutations annotated and indels evaluated as previously described (Fig. 9A).”
Samples with tumor coverage <10X were excluded. Medium-confidence reads (11-34X) were

171

manually reviewed using the Integrated Genomics Viewer (IGV) v2.1."" Validation rate for

sequencing of candidate mutations was 97% for coverage of 10X and above.”” Median number

of mutations between clinical groups were compared using the Fisher’s test.

[154] TCGA RNASeq gene expression was normalized by RSEM and mean expression

calculated for tumors expressing that gene (see Figure 18).
HLA Typing

[155] HLA typing was performed at MSKCC HLA typing lab or New York Blood

Center by either low to intermediate resolution polymerase chain reaction-sequence-specific
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primer (PCR-SSP) method or by high—resolution SeCore HLA sequence-based typing method
(HLA-SBT) (Invitrogen). ATHLATES (hittp://www. braodinstitute.org/scicntific-

community/science/projects/viral-genomics/athlates)” was also used for HLA typing and

confirmation.
Immunogenicity Analysis

[156] A bioinformatic tool, called NAseek, was created. This program performs two
functions: translation of stretches surrounding each mutation, and comparison between the
resulting peptides for homology. First, NAseek translated all mutations in exomes so strings of
17 amino acids were generated for the predicted wild type and mutant, with the amino acid
resulting from the mutation situated centrally. To evaluate MHC Class I binding, wild type and
mutant nonamers containing the tetrapeptides common to the complete responders were input
into NetMHC v3.4 (http://www.cbs.dtu.dk/services/NetMHC/) or RANKPEP
(http://imed.med.ucm.es/Tools/rankpep.html) for patient-specific HLA types, using a sliding
window method. We used a sliding window method as well as locations of altered amino acids
in nonapeptides. These programs generated a predicted MHC Class I binding strength. The
nonamers that were predicted to be presented by patient-specific MHC Class I were then
assessed for similarity to each other. The logo plot of the amino acid frequencies was executed
using Weblogo (http://weblogo.berkeley.edu/logo.cgi) with default parameters. The height of
letters reflects the relative frequency of the corresponding amino acid at that position. In order to
further narrow down the predicted nonamers for testing in vitro, nonamers were also evaluated
for putative binding to the T cell receptor using the IEDB immunogenicity predictor with patient-
specific HLA types (http://tools.immuneepitope.org/immunogenicity/) or CTLPred

(http://www .imtech.res.in/raghava/ctlpred/).

[157] To evaluate T cell activation and homology to known pathogens’ antigens,
conserved tetrapeptides were analyzed using Immune Epitope Database (www.iedb.org) and
assessed as substrings of immunogens in the database for a positive T cell response in Homo
sapiens host. We excluded peptides with no predicted T cell response or exclusively anti-self or
allergen properties. “Neoantigen signatures” were generated from the nonamers containing the
peptides common to patients with long-term benefit (see Table 4 and Figure 19). A chi-squared

test for the total number of shared tetrapeptides was conducted for the LB group relative to the
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NB group. Standard methods for signature derivation using unsupervised hierarchical clustering
followed by logistic regression were used to determine predictive models based solely on the
discovery set data. The models were based on the core rule that all tetrapeptides must be present
at least twice in the discovery set, and any tetrapeptide present fewer than three times must
comprise a common substring of a known antigen shown in vitro to elicit a T cell response. The

best fit signature was then applied to the validation set.

[158] We performed rigorous simulation/permutation testing to demonstrate that the
neoantigen signature was highly unlikely to result from chance. To assess the null hypothesis
that the signature found was due to chance, 5 distinct simulation models were evaluated, three
with new datasets and two using permutations of our dataset. The simulations were executed
using (a) nonamers drawn from the SwissProt database (b) mutations from the TCGA melanoma
dataset (c) randomly generated nonamers (d) redistribution of the mutations found in our data
and (¢) reordering of the 9 amino acids within each nonamer predicted to be presented in our
dataset. In each simulation, the nonamers were distributed randomly, and in proportion to our
data (for example, if an actual sample harbored 150 nonamers predicted to bind MHC Class I,
then the “virtual” sample was assigned 150 nonamers). Simulation testing was then conducted by
applying the same iterative model used on the actual data applied to this virtual dataset, and
repeating this process 1,000 times, recording the frequency of signatures greater than the actual
signature to determine the p value. P value was calculated as the proportion of iterations with a

signature greater that correctly classified segregation of the clinical cohorts, divided by the 1,000

iterations.
[159] Intracellular cytokine staining (ICS)
[160] Peripheral blood mononuclear cells (PBMCs) from 5 melanoma patients treated

with ipilimumab were collected at multiple time points under IRB-approved institutional
protocols. Candidate neoantigen peptides for these patients identified from whole
exome/transcriptome analysis were synthesized (GenScript Piscataway, NJ). 2.5 x 10° patient
PBMC samples were cultured with 2.5 x 10° irradiated autologous PBMCs pulsed with pools of
30 to 50 peptides per pool in 10% pool human serum (PHS) RPMI 1640 media supplemented
with cytokines IL-15 (10 ng/ml) and IL-2 (10 IU/ml). Media was replaced every other day and

cells were harvested at day 10.” The cells were restimulated with the addition of neoantigen
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peptides in the presence of Brefeldin A and monensin (BD Bioscience) for 6 hours. Cells were
then stained with the following antibodies: Pacific Blue-CD3 (clone OKT3), APC-AF750-CD8
(clone SK1, eBioscience) and ECD-CD4 (clone SFC12T4D11, Beckman Coulter). Upon
subsequent washing and permeabilizing, the cells were stained with the following antibodies:
PE-Cy5-CD107a (clone H4A3), APC-IL-2 (clone MQ1-17H12) PE-MIP-1f (clone D21-1351),
FITC-IFN-y (clone B27) (BD Pharmingen) and PE-Cy7-TNF-a (clone MAB11 eBioscience).
Data was acquired using a CYAN flow cytometer and Summit software (Dako Cytomation
California Inc., Carpinteria, CA). Flow analysis was performed using FlowJo software v9.7.5
(TreeStar, Inc.). When feasible, pools that led to the induction of a cytokine response relative to
the no stimulation control were deconvoluted into their component individual peptides. The
above process was repeated for the individual peptides and compared to the corresponding
predicted wild type nonamer. Staphylococcal enterotoxin B (SEB) served as a positive control

for T cell responses.
[161] Immunohistochemistry

[162] Immunohistochemical and hematoxylin and eosin stained slides were scanned
using an Aperio slide scanner. Following identification of all necrotic areas contained on the
slide, the percent tumor necrosis was determined using Aperio imaging software.
Immunostained slides were blindly quantitated by a dermatopathologist using Aperio image
analysis algorithms (nuclear and cytoplasmic v9) manually calibrated and verified for each case.
A minimum of 3000 cells were counted per case representing the sum of three representative
regions with results reported as immunostain positive cells per total cells counted with counting
limited to areas of tumor. Sections were stained with the antibodies to the following: LCA
(Ing/ul, DAKO, Clone2B11+PD7/26), CDS (0.5ng/ ul, DAKO, Clone C8/144B) and Foxp3
(2.5ng/ pl, Abcam, Clone 236A/E7).

[163] Statistical Methods

[164] Mann-Whitney test was used to compare nonsynonymous exonic mutational
burden between clinical groups (LB and NB in the discovery and validation sets, respectively).
Log-Rank test was used to compare the Kaplan-Meier curves for overall survival in the

discovery and validation sets. As described above, simulation testing was used with the null
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hypothesis that all tetrapeptides contribute equally to clinical benefit to determine if a signature

of the size we found happened by chance.

Example 5. Treatment with Ipilumimab

[165] This example provides instructions treatment of a cancer (melanoma) with an
antibody immunotherapy (ipilumimab), as approved by the United States Food & Drug
Administration for the treatment of metastatic melanoma. In some embodiments, long term
clinical benefit is observed after ipilumimab treatment. In accordance with the present invention,
the protocol set forth in this example may, in some embodiments, desirably be administered to

one or more subjects identified as having a somatic mutation.

[166] YERVOY " (ipilimumab) Injection, for intravenous infusion Initial U.S.
Approval: 2011

[167] WARNING: IMMUNE-MEDIATED ADVERSE REACTIONS
[168] See full prescribing information for complete boxed warning.
[169] YERVOY can result in severe and fatal immune-mediated adverse reactions due

to T-cell activation and proliferation. These immune-mediated reactions may involve any organ
system; however, the most common severe immune-mediated adverse reactions are enterocolitis,
hepatitis, dermatitis (including toxic epidermal necrolysis), neuropathy, and endocrinopathy. The
majority of these immune-mediated reactions initially manifested during treatment; however, a

minority occurred weeks to months after discontinuation of YERVOY.

[170] Permanently discontinue YERVOY and initiate systemic high-dose corticosteroid

therapy for severe immune-mediated reactions. (2.2)

[171] Assess patients for signs and symptoms of enterocolitis, dermatitis, neuropathy,
and endocrinopathy and evaluate clinical chemistries including liver function tests and thyroid

function tests at baseline and before each dose. (5.1,5.2,5.3,5.4,5.5)

[172] INDICATIONS AND USAGE
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[173] YERVOY is a human cytotoxic T-lymphocyte antigen 4 (CTLA-4)-blocking

antibody indicated for the treatment of unresectable or metastatic melanoma. (1)

[174] DOSAGE AND ADMINISTRATION

. YERVOY 3 mg/kg administered intravenously over 90 minutes every 3 weeks for a total

of four doses. (2.1)

. Permanently discontinue for severe adverse reactions. (2.2)

[175] FULL PRESCRIBING INFORMATION

[176] WARNING: IMMUNE-MEDIATED ADVERSE REACTIONS

[177] YERVOY can result in severe and fatal immune-mediated adverse reactions due

to T-cell activation and proliferation. These immune-mediated reactions may involve any organ
system; however, the most common severe immune-mediated adverse reactions are enterocolitis,
hepatitis, dermatitis (including toxic epidermal necrolysis), neuropathy, and endocrinopathy. The
majority of these immune-mediated reactions initially manifested during treatment; however, a

minority occurred weeks to months after discontinuation of YERVOY.

[178] Permanently discontinue YERVOY and initiate systemic high-dose corticosteroid

therapy for severe immune-mediated reactions. [See Dosage and Administration (2.2)]

[179] Assess patients for signs and symptoms of enterocolitis, dermatitis, neuropathy,
and endocrinopathy and evaluate clinical chemistries including liver function tests and thyroid
function tests at baseline and before each dose. [See Warnings and Precautions (5.1, 5.2, 5.3,

5.4,5.5)]
[180] 1 INDICATIONS AND USAGE

[181] YERVOY (ipilimumab) is indicated for the treatment of unresectable or

metastatic melanoma.

[182] 2 DOSAGE AND ADMINISTRATION
[183] 2.1 Recommended Dosing
[184] The recommended dose of YERVOY is 3 mg/kg administered intravenously over

90 minutes every 3 weeks for a total of four doses.
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[185] 2.2 Recommended Dose Modifications

Withhold scheduled dose of YERVOY for any moderate immune-mediated adverse
reactions or for symptomatic endocrinopathy. For patients with complete or partial
resolution of adverse reactions (Grade 0-1), and who are receiving less than 7.5 mg
prednisone or equivalent per day, resume YERVOY at a dose of 3 mg/kg every 3 weeks
until administration of all 4 planned doses or 16 weeks from first dose, whichever occurs

carlier.
[186] Permanently discontinue YERVOY for any of the following:

» Persistent moderate adverse reactions or inability to reduce corticosteroid dose to 7.5

mg prednisone or equivalent per day.

» Failure to complete full treatment course within 16 weeks from administration of first

dose.
» Severe or life-threatening adverse reactions, including any of the following:

[187] Colitis with abdominal pain, fever, ileus, or peritoneal signs; increase in stool
frequency (7 or more over baseline), stool incontinence, need for intravenous hydration for more

than 24 hours, gastrointestinal hemorrhage, and gastrointestinal perforation

[188] Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >5 times

the upper limit of normal or total bilirubin >3 times the upper limit of normal

[189] Stevens-Johnson syndrome, toxic epidermal necrolysis, or rash complicated by

full thickness dermal ulceration, or necrotic, bullous, or hemorrhagic manifestations

[190] Severe motor or sensory neuropathy, Guillain-Barré syndrome, or myasthenia
gravis
[191] Severe immune-mediated reactions involving any organ system (eg, nephritis,

pneumonitis, pancreatitis, non-infectious myocarditis)

[192] Immune-mediated ocular disease that is unresponsive to topical

immunosuppressive therapy

[193] 2.3 Preparation and Administration
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. Do not shake product.

. Inspect parenteral drug products visually for particulate matter and discoloration prior to
administration. Discard vial if solution is cloudy, there is pronounced discoloration (solution may
have pale yellow color), or there is foreign particulate matter other than translucent-towhite,

amorphous particles.
[194] Preparation of Solution

. Allow the vials to stand at room temperature for approximately 5 minutes prior to

preparation of infusion.
. Withdraw the required volume of YERVOY and transfer into an intravenous bag.

. Dilute with 0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to
prepare a diluted solution with a final concentration ranging from 1 mg/mL to 2 mg/mL. Mix

diluted solution by gentle inversion.

. Store the diluted solution for no more than 24 hours under refrigeration (2°C to 8°C, 36°F

to 46°F) or at room temperature (20°C to 25°C, 68°F to 77°F).

. Discard partially used vials or empty vials of YERVOY.

[195] Administration Instructions

. Do not mix YERVOY with, or administer as an infusion with, other medicinal products.
. Flush the intravenous line with 0.9% Sodium Chloride Injection, USP or 0.5% Dextrose

Injection, USP after each dose.

. Administer diluted solution over 90 minutes through an intravenous line containing a

sterile, non-pyrogenic, low-protein-binding in-line filter.

[196] 3 DOSAGE FORMS AND STRENGTHS

[197] 50 mg/10 mL (5 mg/mL). 200 mg/40 mL (5 mg/mL).
[198] 4 CONTRAINDICATIONS

[199] None.

[200] 5 WARNINGS AND PRECAUTIONS
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YERVOY can result in severe and fatal immune-mediated reactions due to T-cell activation and

proliferation.
Equivalents
[201] It is to be understood that while the invention has been described in conjunction

with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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Claims
We claim:

1. A method comprising steps of:
detecting a somatic mutation in a cancer sample from a subject; and
identifying the subject as a candidate for treatment with an

immune checkpoint modulator.

2. The method of claim 1 wherein the step of detecting comprises sequencing one or more

exomes from the cancer sample.

3. The method of claim 1 wherein the somatic mutation comprises a neoepitope recognized
by a T cell.
4. The method of claim 2 wherein the neoepitope has greater binding affinity to a major

histocompatibility complex (MHC) molecule compared to a corresponding epitope that does not

have a mutation.

5. The method of claim 1 wherein the somatic mutation comprises a neoepitope comprising

a tetramer that is not expressed in the same cell type that does not have a somatic mutation.

6. The method of claim 5 wherein the neoepitope shares a consensus sequence with an

infectious agent.
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7. The method of claim 5 wherein the tetramer is a sequence selected from those presented
in Table 1.

8. The method of claim 1 wherein the cancer is or comprises a melanoma.

9. The method of claim 1 wherein the immune checkpoint modulator interacts with

cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed death 1 (PD-1) or its ligands,
lymphocyte activation gene-3 (LAG3), B7 homolog 3 (B7-H3), B7 homolog 4 (B7-H4),
indoleamine (2,3)-dioxygenase (IDO), adenosine A2a receptor, neuritin, B- and T-lymphocyte
attenuator (BTLA), killer immunoglobulin-like receptors (KIR), T cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3), inducible T cell costimulator (ICOS), CD27, CD28,
CD40, CD137, or combinations thereof.

10.  The method of claim 1 wherein the immune checkpoint modulator is an antibody agent.

11.  The method of claim 10, wherein the antibody agent is or comprises a monoclonal

antibody or antigen binding fragment thereof.

12. The method of claim 11 wherein the antibody is ipilumimab.
13.  The method of claim 1 wherein the subject has not previously been treated with a cancer
therapeutic.
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14.  The method of claim 1 wherein the subject has not previously been treated with a cancer

immunotherapeutic.

15.  The method of claim 12, further comprising a step of administering ipilumimab to the

subject.

16. A method comprising steps of:
detecting a somatic mutation in a cancer sample from a subject; and

identifying the subject as a poor candidate for treatment with an immune

checkpoint modulator.

17.  The method of claim 16 wherein the subject is identified as likely to suffer one or more

autoimmune complications if administered an immune checkpoint modulator.

18.  The method of claim 17 wherein the autoimmune complication is hypothyroidism.

19. A method comprising steps of:

determining a subject has a cancer comprising a somatic mutation, wherein the

somatic mutation comprises a neoepitope comprising a tetramer from Table 1, and

selecting for the subject a cancer treatment comprising an immune checkpoint

modulator.
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20.  The method of claim 19 wherein the cancer comprises melanoma.

21.  The method of claim 19 wherein the immune checkpoint modulator interacts with
cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed death 1 (PD-1) or its ligands,
lymphocyte activation gene-3 (LAG3), B7 homolog 3 (B7-H3), B7 homolog 4 (B7-H4),
indoleamine (2,3)-dioxygenase (IDO), adenosine A2a receptor, neuritin, B- and T-lymphocyte
attenuator (BTLA), killer immunoglobulin-like receptors (KIR), T cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3), inducible T cell costimulator (ICOS), CD27, CD28,
CD40, CD137, or combinations thereof.

22.  The method of claim 21 wherein the immune checkpoint modulator is an antibody agent.

23.  The method of claim 22 wherein the antibody agent is or comprises a monoclonal

antibody or antigen binding fragment thereof.

24.  The method of claim 23 wherein the antibody is ipilumimab.

25.  The method of claim 19 wherein the subject has not previously been treated with a cancer

therapeutic.

26.  The method of claim 19 wherein the subject has not previously been treated with a cancer

immunotherapeutic.
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27. A method of treating a subject with an immune checkpoint modulator wherein the subject
has previously been identified to have a cancer with one or more somatic mutations, wherein the

one or more somatic mutations comprises a neoepitope recognized by a T cell.

28.  The method of claim 27 wherein the cancer comprises melanoma.

29.  The method of claim 27 wherein the immune checkpoint modulator interacts with
cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed death 1 (PD-1) or its ligands,
lymphocyte activation gene-3 (LAG3), B7 homolog 3 (B7-H3), B7 homolog 4 (B7-H4),
indoleamine (2,3)-dioxygenase (IDO), adenosine A2a receptor, neuritin, B- and T-lymphocyte
attenuator (BTLA), killer immunoglobulin-like receptors (KIR), T cell immunoglobulin and
mucin domain-containing protein 3 (TIM-3), inducible T cell costimulator (ICOS), CD27, CD28,
CD40, CD137, or combinations thereof.

30.  The method of claim 27 wherein the immune checkpoint modulator is an antibody agent.

31.  The method of claim 30 wherein the antibody agent is or comprises a monoclonal

antibody or antigen binding fragment thereof.

32.  The method of claim 31 wherein the antibody is ipilumimab.
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33.  The method of claim 27 wherein the subject has not previously been treated with a cancer

therapeutic.

34.  The method of claim 27 wherein the subject has not previously been treated with a cancer

immunotherapeutic.

35. A method of improving efficacy of cancer therapy with an immune checkpoint

modulator, the method comprising a step of:

selecting for receipt of the therapy a subject identified as having a cancer with one or

more somatic mutations comprising a neoepitope recognized by a T cell.

36.  Inamethod of treating cancer by administering immune checkpoint modulator therapy,

the improvement that comprises:

administering the therapy to a subject identified as having a cancer with one or more

somatic mutations comprising a neoepitope recognized by a T cell.

37. A method of treating a cancer selected from the group consisting of carcinoma, sarcoma,

myeloma, leukemia, or lymphoma, the method comprising a step of:

administering immune checkpoint modulator therapy to a subject identified as having a

cancer with one or more somatic mutations comprising a neoepitope recognized by a T cell.

38.  The method of claim 37 wherein the cancer is or comprises melanoma.
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39. A method of defining a response signature for an immune checkpoint modulator therapy, the

method comprising steps of:

comparing genetic sequence information from a first plurality of tumor samples, which
first plurality contains samples that share a common response feature to immune checkpoint
modulator therapy, with that obtained from a second plurality of tumor samples, which second
plurality contains samples that do not share the common response feature but are otherwise
comparable to those of the first set, so that the comparison defines genetic sequence elements

whose presence is associated or correlates with the common response feature; and
determining which of the defined genetic sequence elements generate a neoepitope; and

defining as a signature for the common response feature presence of the neoepitope.

40.  The method of claim 39, further comprising a step of:
determining which of the neoepitopes alters peptide-MHC binding strength,

wherein the step of defining as a signature for the common response feature involves defining as

the signature at least one of the neoepitopes determined to alter peptide-MHC biding strength.

41.  The method of claim 40, wherein the step of defining as a signature for the common
response feature involves defining as the signature a set of the neoepitopes determined to alter

peptide-MHC biding strength.

42.  The method of any one of claims 39-41, wherein the neoepitope is or comprises a

tetramer.
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43.  The method of claim 42, wherein the neoepitope is or comprises a tetramer set forth in

Table 1.

44, The method of claim 44, wherein the set of neoepitopes comprises or consists of a

plurality of neoepitopes set forth in Table 1.

that does not share the common response feature analyzing a plurality of tumor samples so that
we analyzed tumor and matched blood DNA using whole exome sequencing. In the discovery
set, we generated 64GB of mapped sequence, with over 90% of the target sequence covered to
at least 10X depth and mean exome coverage of 103X (Fig. 5). The wide range of mutational
burdens among samples (Fig. 2A and 2B) and recurrent mutations (Fig. 6A), were consistent

with the literature

We examined whether a subset of somatic neoepitopes would alter the strength of peptide-MHC
binding, using patient-specific HLA types. We first compared the overall antigenicity trend of
all mutant versus wild type peptides. Intriguingly, in aggregate, the mutant peptides were
predicted to bind MHC Class I with higher affinity than the corresponding wild type peptides
(Fig. 10A and 10B).
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