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COMPOSITIONS FOR AND METHODS OF DETECTING, DIAGNOSING
AND PROGNOSING THYMIC CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of U.S. Provisional Application No. 61/499,988, filed
on June 22, 2011, and U.S. Provisional Application No. 61/585,663, filed on January 12, 2012;
the contents of each of which application is specifically incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION
[002] The invention generally relates to medical diagnostics and in particular relates to
compositions for and methods of detecting, diagnosing or prognosing an individual having or

suspected of having a cancer, such as thymic cancer.

BACKGROUND

[003] Thymomas and thymic carcinomas are rare cancers of the thymic epithelium or thymus
gland/thymic tissue. Unfortunately, the heterogeneity of the disecase and the lack of molecular
targets impair the identification of individuals with higher metastatic risk and the potential for
carly intervention. Currently, complete surgical resection and Masaoka staging are considered
the only favorable prognostic factor for these individuals. However, the literature has
examples showing that patients with complete surgical resection or Masaoka stage I do
metastasize as well as patients with partial surgical resection or Maskaoka stage II or III who
do not metastasize. Thus, these two current prognostic standards lead to undertreatment of
individuals having carly stage disease as well as overtreatment of indolent tumors diagnosed at
a later stage.

[004] Although resection and chemotherapy are effective therapies for most individuals with
carly stage disease, recurrence is common. A significant number of individuals do not receive
adjuvant chemo-radiation therapy until they develop recurrent or metastatic disease. As such,
there is a need for methods that allow physicians to detect, diagnose and prognose the expected
course of a thymic cancer, including the likelihood of recurrence, long-term survival, and the

like, as well as allow physicians to select the most appropriate treatment regimen.
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Additionally, compositions that target novel pathways involved in tumor formation also arc

needed.

BRIEF SUMMARY
[005] Compositions are provided for detecting, diagnosing and prognosing cancer in an
individual having or suspected of having a cancer, such as a thymic cancer. In one aspect, the
composition can be a kit for detecting, diagnosing and/or prognosing thymic cancer, the kit
having a plurality of probes and/or oligonucleotide primer pairs, where cach of the probes or
oligonucleotide primer pairs specifically binds to one distinct biomarker, fragment or variant
thereof described herein.
[006] Methods are also provided for detecting, diagnosing and prognosing cancer and
predicting the likelihood of metastasis in an individual having or suspected of having a cancer,
such as a thymic cancer. In one aspect, the method can include measuring expression levels of
nucleic acid transcripts or expression products thercof of a plurality of biomarkers in a sample
from an individual having or suspected of having a cancer such as a thymic cancer, where the
biomarkers can be a combination of the biomarkers as described herein, when compared to a
control/reference.
[007] The compositions and methods therefore find use in detecting, predicting and diagnosing
an carly stage cancer, such as thymic cancer, as well as find use in prognosing an individual
having thymic cancer, which can be used to determine an appropriate treatment regimen.
[008] These and other features, objects and advantages of the present invention will become
better understood from the description that follows. In the description, reference is made to the
accompanying drawings, which form a part hercof and in which there is shown by way of

illustration, not limitation, embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[009] The features, objects and advantages other than those set forth above will become more
readily apparent when consideration is given to the detailed description below. Such detailed
description makes reference to the following drawings, wherein:
[0010]FIG. 1 shows an unsupervised hierarchical clustering of the thirty-six thymic tumors
(and one duplicate) showing four distinct clusters (C1-C4). 8,260 genes had signals

.
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significantly above background. The data was normalized using quantile normalization.
Histologic subtypes of patient samples also are included. Group I (GI): A/AB; Group II (GII):
B1/B2; and Group III (GIII): B3.

[0011]FIG. 2 shows the "Biological Processes and Canonical Pathways" associated with
metastasis and stage using Ingenuity Pathway Analysis ("IPA"). The top ten significant
biological functions (FIG. 2A) and canonical pathways (FIG. 2B) were grouped based on the P
values using a Right-Tailed Fisher Exact Test with a threshold of less than 0.05.

[0012]FIG. 3 shows an identification of a set of ten (10) genes that predicts a lack of
metastasis with an error rate 4% using Prediction Analysis of Microarrays ("PAM").
Individual cross validation plots were shown for Metastasis Yes phenotype (YES, blue) and
Metastasis NO phenotype (NO, green). The threshold value (1.56) was chosen to use for
shrinkage and prediction with an error rate 4%.

[0013]FIG. 4 shows an identification of a set of nine (9) genes that predicts the presence of
carly stage (Stage I/II) with an error rate 9% using PAM. Individual cross validation plots
were shown for Stage I/II (green) and Stage ITI/IV (blue) disease. The threshold value (1.73)
was chosen to use for shrinkage and prediction with an error rate of 9%.

[0014]FIG. 5 shows relative mRNA expression of JPHI, AKR1B10, STC1 and COL11A1 in
relation to metastasis. Delta cycle threshold (delta CT) values (FIG. 5A) and average fold
change (FIG. 5B) were calculated in metastasis YES phenotype compared with metastasis NO
phenotype using DataAssist Software (Applied Biosystems; Foster City, CA). Data is
normalized to the geometric mean of the reference genes IPO8 and TFRC.

[0015]FIG. 6 shows Kaplan-Mecier curves for metastasis free survival (MFS) in training set
(FIGS. 6A-6C) and validation set (FIGS 6D-6F) cohort of samples. MFS is grouped according
to Masaoka staging (FIG. 5A, 5D), WHO classification (FIG. 5B, 5E) or predicted GEP class
as determined by Radial Basis Machine predictive modeling algorithm (FIG 5C, 5F). Arca
under the receiver operating characteristic (ROC) curve for the GEP prediction model was 0.89
and 0.84 for training and validation sets, respectively. P-value for curves was calculated
according to Log-Rank method.

[0016] FIGS. 7A-7D provides additional analyses of the prognostic gene expression signature

results shown in FIG. 6.
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[0017]FIGS. 8A-8E show the results of various gene combinations used to predict metastatic
risk in thymoma tumors using a JMP Genomics radial basis machine (RBM) kernel-based
learning algorithm.

[0018] While the invention is susceptible to various modifications and alternative forms,
exemplary embodiments thereof are shown by way of example in the drawings and are
described in detail below. It should be understood, however, that the description of exemplary
embodiments is not intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents and alternatives falling within
the spirit and scope of the invention as defined by the embodiments herein and appended
claims. Reference therefore should be made to the embodiments herein and appended claims

for interpreting the scope of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0019] The compositions and methods now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments are shown.
[0020] Although specific terms are employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation. As such, unless defined otherwise, all technical
and scientific terms used hercin have the same meaning as commonly understood by one of
skill in the art to which the invention pertains. Although any materials and methods similar to
or cquivalent to those described herein can be used in the practice or testing of the invention,
the preferred methods and materials are described herein.
[0021]Moreover, reference to an element by the indefinite article "a" or "an" does not exclude
the possibility that more than one element is present, unless the context clearly requires that
there be one and only one clement. The indefinite article "a" or "an" thus usually means "at
least one."
[0022] The term “altered amount” of a marker or “altered level” of a marker refers to
increased or decreased copy number of the marker and/or increased or decreased expression
level of a particular marker gene or genes in a cancer sample, as compared to the expression
level or copy number of the marker in a control sample. The term “altered amount” of a
marker also includes an increased or decreased protein level of a marker in a sample, e.g., a

cancer sample, as compared to the protein level of the marker in a normal, control sample.
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[0023] The term “altered level of expression” of a marker refers to an expression level or
copy number of a marker in a test sample e.g., a sample derived from a subject suffering from
cancer, that is greater or less than the control of the assay employed to assess expression or
copy number, and may be at least 1.1, and in some embodiments may be 1.2, 1.3, 1.4, 1.5, 1.6,
1.7, 1.8, 1.9, two, three, four, five or ten or more times the expression level or copy number of
the marker or chromosomal region in a control sample (e.g., sample from a healthy subject not
having the associated disease) and, in some embodiments, the average expression level or copy
number of the marker or chromosomal region in several control samples. The altered level of
expression is greater or less than the standard error of the assay employed to assess expression
or copy number, and is, in some embodiments, at least 1.1, and, in some embodiments may
bel.2,1.3,1.4,15,1.6,1.7,1.8, 1.9, two, three, four, five or ten or more times the expression
level or copy number of the marker in a control sample (e.g., sample from a healthy subject not
having the associated disease) and, in some embodiments may be, the average expression level
or copy number of the marker in several control samples.

[0024] The term “altered activity” of a marker refers to an activity of a marker which is
increased or decreased in a discase state, e.g., in a cancer sample, as compared to the activity of
the marker in a normal, control sample. Altered activity of a marker may be the result of, for
example, altered expression of the marker, altered protein level of the marker, altered structure
of the marker, or, e.g., an altered interaction with other proteins involved in the same or
different pathway as the marker, or altered interaction with transcriptional activators or
inhibitors.

[0025] The term “altered structure” of a marker refers to the presence of mutations or
allelic variants within the marker gene or maker protein, e.g., mutations which affect
expression or activity of the marker, as compared to the normal or wild-type gene or protein.
For example, mutations include, but are not limited to substitutions, deletions, or addition
mutations. Mutations may be present in the coding or non-coding region of the marker.
[0026] The term “altered subcellular localization™ of a marker refers to the mislocalization
of the marker within a cell relative to the normal localization within the cell e.g., within a
healthy and/or wild-type cell. An indication of normal localization of the marker can be
determined through an analysis of subcellular localization motifs known in the field that are

harbored by marker polypeptides.
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[0027]  The “amount” of a marker, e.g., expression or copy number of a marker or MCR, or
protein level of a marker, in a subject is “significantly” higher or lower than the normal amount
of a marker, if the amount of the marker is greater or less, respectively, than the normal level
by an amount greater than the control of the assay employed to assess amount, and, in some
embodiments may be, at least 1.1, and, in some embodiments may be, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7, 1.8, 1.9, two, three, four, five, ten or more times that amount. Alternately, the amount of
the marker in the subject can be considered “significantly” higher or lower than the normal
amount if the amount is at least about two, and in some embodiments may be at least about
three, four, or five times, higher or lower, respectively, than the normal amount of the marker.
[0028]  The terms “amplification”™ or “amplify” inchade the reactions necessary to increase
the number of copies of a nucleic acid sequence (e.g., a DNA sequence). For the purposes of
this invention, amplification refers to the in vitro exponential increase in copy number of a
target nucleic acid sequence, such as that mediated by a polymerase amplification reaction such
as, e.g., PCR, however, other amplification reactions encompassed by the invention include,
e.g.. RT-PCR (see, e.g., U. S. P. N. 4,683, 202; Mullis et al.}, and the ligase chain reaction
(Barany, Proc. Natl. Acad. Sci. USA 88:189-193 (1991)).

[0029] The term “biochip” refers to a solid substrate comprising an attached probe or
plurality of probes of the invention, wherein the probe(s) comprise at least 1,2, 3,4,5,6, 7, 8,
9,10,11,12,13,14, 15, 16,17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 150, 200 or more probes.
The probes may be capable of hybridizing to a target sequence under stringent hybridization
conditions. The probes may be attached at spatially defined address on the substrate. More
than one probe per target sequence may be used, with cither overlapping probes or probes to
different sections of a particular target sequence. The probes may be capable of hybridizing to
target sequences associated with a single disorder. The probes may be attached to the biochip
in a wide variety of ways, as will be appreciated by those in the art. The probes may cither be
synthesized first, with subsequent attachment to the biochip, or may be directly synthesized on
the biochip. The solid substrate may be a material that may be modified to contain discrete
individual sites appropriate for the attachment or association of the probes and is amenable to
at least one detection method. Representative examples of substrates include glass and
modified or functionalized glass, plastics (including acrylics, polystyrene and copolymers of

styrene and other materials, polypropylene, polycthylene, polybutylene, polyurcthanes,

-6 -
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Teflonl, etc.), polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials
including silicon and modified silicon, carbon, metals, inorganic glasses and plastics. The
substrates may allow optical detection without appreciably fluorescing. The substrate may be
planar, although other configurations of substrates may be used as well. For example, probes
may be placed on the inside surface of a tube, for flow-through sample analysis to minimize
sample volume. Similarly, the substrate may be flexible, such as a flexible foam, including
closed cell foams made of particular plastics. The biochip and the probe may be derivatized
with chemical functional groups for subsequent attachment of the two. For example, the
biochip may be derivatized with a chemical functional group including, but not limited to,
amino groups, carboxyl groups, oxo groups or thiol groups. Using these functional groups, the
probes may be attached using functional groups on the probes either directly or indirectly using
a linker. The probes may be attached to the solid support by either the 5' terminus, 3' terminus,
or via an internal nucleotide. The probe may also be attached to the solid support non-
covalently. For example, biotinylated oligonucleotides can be made, which may bind to
surfaces covalently coated with streptavidin, resulting in attachment. Alternatively, probes
may be synthesized on the surface using techniques such as photopolymerization and
photolithography.

[0030] The term “body fluid” refers to fluids that are excreted or secreted from the body as
well as fluids that are normally not (e.g. amniotic fluid, aqueous humor, bile, blood and blood
plasma, cerebrospinal fluid, cerumen and earwax, cowper’s fluid or pre-ejaculatory fluid,
chyle, chyme, stool, female ejaculate, interstitial fluid, intracellular fluid, lymph, menses,
breast milk, mucus, pleural fluid, peritoneal fluid, pus, saliva, sebum, semen, serum, sweat,
synovial fluid, tears, urine, vaginal lubrication, vitreous humor, vomit).

[0031] The term “classifying” includes “to associate” or “to categorize” a sample with a
discase state. In certain instances, “classifying” is based on statistical evidence, empirical
evidence, or both. In certain embodiments, the methods and systems of classifying use of a so-
called training set of samples having known disease states. Once established, the training data
set serves as a basis, model, or template against which the features of an unknown sample are
compared, in order to classify the unknown discase state of the sample. In certain instances,

classifying the sample is akin to diagnosing the discase state of the sample. In certain other
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instances, classifying the sample is akin to differentiating the discase state of the sample from
another discase state.

[0032] The term “control” refers to any reference standard suitable to provide a comparison to
the expression products in the test sample. In one embodiment, the control comprises
obtaining a “control sample” from which expression product levels are detected and compared
to the expression product levels from the test sample. Such a control sample may comprise any
suitable sample, including but not limited to a sample from a control cancer patient (can be
stored sample or previous sample measurement) with a known outcome; normal tissue or cells
isolated from a subject, such as a normal patient or the cancer patient, cultured primary
cells/tissues isolated from a subject such as a normal subject or the cancer patient, adjacent
normal cells/tissues obtained from the same organ or body location of the cancer patient, a
tissue or cell sample isolated from a normal subject, or a primary cells/tissues obtained from a
depository. In another preferred embodiment, the control may comprise a reference standard
expression product level from any suitable source, including but not limited to housekeeping
genes, an expression product level range from normal tissue (or other previously analyzed
control sample), a previously determined expression product level range within a test sample
from a group of patients, or a set of patients with a certain outcome (for example, survival for
one, two, three, four years, etc.) or receiving a certain treatment (for example, standard of care
therapy for thymic cancer). It will be understood by those of skill in the art that such control
samples and reference standard expression product levels can be used in combination as
controls in the methods of the present invention. In one embodiment, the control may
comprise normal or non-cancerous cell/tissue sample. In another preferred embodiment, the
control may comprise an expression level for a set of patients, such as a set of cancer patients,
or for a set of cancer patients receiving a certain treatment, or for a set of patients with one
outcome versus another outcome. In the former case, the specific expression product level of
cach patient can be assigned to a percentile level of expression, or expressed as either higher or
lower than the mean or average of the reference standard expression level. In another preferred
embodiment, the control may comprise normal cells, cells from patients treated with
combination chemotherapy, for example, standard of care therapy for thymic cancer, and cells
from patients having benign cancer. In another embodiment, the control may also comprise a

measured value for example, average level of expression of a particular gene in a population
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compared to the level of expression of a housekeeping gene in the same population. Such a
population may comprise normal subjects, cancer patients who have not undergone any
treatment (i.e., treatment naive), patients undergoing thymic cancer therapy, or patients having
benign cancer. In another preferred embodiment, the control comprises a ratio transformation
of expression product levels, including but not limited to determining a ratio of expression
product levels of two genes in the test sample and comparing it to any suitable ratio of the same
two genes in a reference standard; determining expression product levels of the two or more
genes in the test sample and determining a difference in expression product levels in any
suitable control; and determining expression product levels of the two or more genes in the test
sample, normalizing their expression to expression of houseckeeping genes in the test sample,
and comparing to any suitable control. In particularly preferred embodiments, the control
comprises a control sample which is of the same lincage and/or type as the test sample. In
another embodiment, the control may comprise expression product levels grouped as
percentiles within or based on a sct of patient samples, such as all patients with cancer. In one
embodiment a control expression product level is established wherein higher or lower levels of
expression product relative to, for instance, a particular percentile, are used as the basis for
predicting outcome. In another preferred embodiment, a control expression product level is
established using expression product levels from cancer control patients with a known
outcome, and the expression product levels from the test sample are compared to the control
expression product level as the basis for predicting outcome. As demonstrated by the data
below, the methods of the invention are not limited to use of a specific cut-point in comparing
the level of expression product in the test sample to the control.

[0033] The term “diagnosing cancer” includes the use of the methods, systems, and code of the
present invention to determine the presence or absence of a cancer or subtype thereof in an
individual. The term also includes methods, systems, and code for assessing the level of
discase activity in an individual.

[0034] As used herein, the term “diagnostic marker” or “diagnostic biomarker” includes
markers described herein which are useful in the diagnosis of cancer, e.g., over- or under-
activity, emergence, expression, growth, remission, recurrence or resistance of tumors before,
during or after therapy. The predictive functions of the marker may be confirmed by, e.g., (1)
increased or decreased copy number (e.g., by FISH, FISH plus SKY, single-molecule

-9.
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sequencing, e.g., as described in the art at least at J. Biotechnol., 86:289-301, or qPCR),
overexpression or underexpression (e.g., by ISH, Northern Blot, or qPCR), increased or
decreased protein level (e.g., by IHC), or increased or decreased; (2) its presence or absence in
a biological sample, e.g., a sample containing tissue, whole blood, serum, plasma, buccal
scrape, saliva, cerebrospinal fluid, urine, stool, or bone marrow, from a subject, e.g. a human,
afflicted with cancer; (3) its presence or absence in clinical subset of subjects with cancer (e.g.,
those responding to a particular therapy or those developing resistance). Diagnostic markers
also include “surrogate markers,” e.g., markers which are indirect markers of cancer
progression.

[0035] A molecule is “fixed” or “affixed” to a substrate if it is covalently or non-covalently
associated with the substrate such the substrate can be rinsed with a fluid (e.g. standard saline
citrate, pH 7.4) without a substantial fraction of the molecule dissociating from the substrate.
[0036] The term “gene expression data” or “gene expression level” as used herein refers to
information regarding the relative or absolute level of expression of a gene or set of genes in a
cell or group of cells. The level of expression of a gene may be determined based on the level
of RNA, such as mRNA, encoded by the gene. Alternatively, the level of expression may be
determined based on the level of a polypeptide or fragment thercof encoded by the gene. Gene
expression data may be acquired for an individual cell, or for a group of cells such as a tumor
or biopsy sample. Gene expression data and gene expression levels can be stored on computer
readable media, e.g., the computer readable medium used in conjunction with a microarray or
chip reading device. Such gene expression data can be manipulated to generate gene
expression signatures.

[0037] The term “gene expression signature” or “signature” as used herein refers to a group of
coordinately expressed genes. The genes making up this signature may be expressed in a
specific cell lincage, stage of differentiation, or during a particular biological response. The
genes can reflect biological aspects of the tumors in which they are expressed, such as the cell
of origin of the cancer, the nature of the non-malignant cells in the biopsy, and the oncogenic
mechanisms responsible for the cancer or pathology thereof (Shaffer ef al., Immunity, 15: 375-
385 (2001)).

[0038] As used herein, the term “inhibit” includes the decrease, limitation, or blockage, of, for

example a particular action, function, or interaction. For example, cancer is “inhibited” if at
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least one symptom of the cancer, such as hyperproliferative growth, is alleviated, terminated,
slowed, or prevented. As used herein, cancer is also “inhibited” if recurrence or metastasis of
the cancer is reduced, slowed, delayed, or prevented.

[0039] The term “label™ refers to a molecular moiety capable of detection including, by way of
example, without limitation, radioactive labels which can be incorporated by known methods
(e.g., nick translation or kinasing), radioactive isotopes, biotin, fluorescent groups,
chemiluminescent groups (e.g., dioxctanes, particularly triggered dioxetanes), digoxigenin,
enzymes, antibodics, luminescent agents, precipitating agents, dyes, and the like.

[0040] The “normal” level of expression of a marker is the level of expression of the marker in
cells of a subject, e.g., a human patient, not afflicted with a cancer or with the condition under
analysis. An “over-expression” or “significantly higher level of expression” of a marker refers
to an expression level in a test sample that is greater than the control of the assay employed to
assess expression, and is in some embodiments at least 1.1 times, and in some embodiments
maybe1.2,13,14,15,16,1.7,18,19,2.0,2.1,2.2,2.3,24,25,26,2.7,2.8,2.9,3,3.5,4,
45,5,55,6,65,7,75,8,85,9,9.5,10,10.5,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 times or
more higher than the expression activity or level of the marker in a control sample (e.g., sample
from a healthy subject not having the marker associated discase) and, in some embodiments,
the average expression level of the marker in several control samples. A “significantly lower
level of expression” of a marker refers to an expression level in a test sample that is at least 1.1
times, and in some embodiments may bel.2, 1.3,1.4,1.5,1.6,1.7,1.8,1.9,2.0,2.1,2.2,2.3,
24,25,26,2.7,2.8,29,3,35,4,45,5,55,6,6.5,7,75,8,85,9,9.5,10,10.5, 11, 12, 13,
14,15,16,17, 18, 19, 20 times or more lower than the expression level of the marker in a
control sample (e.g., sample from a subject who has not experienced recurrence or metastasis
relative to a subject who has experienced recurrence or metastasis or a healthy subject not
having the marker associated disease) and, in some embodiments, the average expression level
of the marker in several control samples.

[0041] The term “probe” refers to a structure comprised of a polynucleotide that is capable of
selectively binding or forming a hybrid structure with an intended target sequence, due to
complementarity of at least one sequence in the probe with a sequence in the target region.

The polynucleotide regions of probes can be composed of DNA and/or RNA and/or synthetic

nucleotide analogs. Included within probes are “capture probes,” “blocking probes,” and
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“label probes.” The term “primer” or “nucleic acid primer” or “nucleic acid primer sequence”
includes single-stranded oligonucleotides that, typically, are between about 4 to about 100
bases, or alternatively between about 17 to 30 bases, or alternatively 20 or more bases, and are
designed to hybridize with a corresponding template nucleic acid. Primer molecules can be
complementary to either the sense or the anti-sense strand of a template nucleic acid and are
typically used as complementary pairs that flank a nucleic acid region of interest. Probes can
be cither synthesized by one skilled in the art, or derived from appropriate biological
preparations. For purposes of detection of the target molecule, probes can be specifically
designed to be labeled, as described hercin. Examples of molecules that can be utilized as
probes include, but are not limited to, RNA, DNA, proteins, antibodies, and organic molecules.
[0042] The term “response to cancer therapy” or “outcome of cancer therapy” relates to any
response of the hyperproliferative disorder (e.g., cancer) to a cancer therapy, preferably to a
change in tumor mass and/or volume after initiation of neoadjuvant or adjuvant chemotherapy.
Hyperproliferative disorder response may be assessed, for example for efficacy or in a
neoadjuvant or adjuvant situation, where the size of a tumor after systemic intervention can be
compared to the initial size and dimensions as measured by CT, PET, mammogram, ultrasound
or palpation. Response may also be assessed by caliper measurement or pathological
examination of the tumor after biopsy or surgical resection for solid cancers. Responses may
be recorded in a quantitative fashion like percentage change in tumor volume or in a qualitative
fashion like “pathological complete response” (pCR), “clinical complete remission” (cCR),
“clinical partial remission” (cPR), “clinical stable disease” (cSD), “clinical progressive
discase” (cPD) or other qualitative criteria. Assessment of hyperproliferative disorder response
may be done carly after the onset of neoadjuvant or adjuvant therapy, e.g., after a few hours,
days, weeks or preferably after a few months. A typical endpoint for response assessment is
upon termination of neoadjuvant chemotherapy or upon surgical removal of residual tumor
cells and/or the tumor bed. This is typically three months after initiation of ncoadjuvant
therapy. In some embodiments, clinical efficacy of the therapeutic treatments described herein
may be determined by measuring the clinical benefit rate (CBR). The clinical benefit rate is
measured by determining the sum of the percentage of patients who are in complete remission
(CR), the number of patients who are in partial remission (PR) and the number of patients

having stable disease (SD) at a time point at least 6 months out from the end of therapy. The
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shorthand for this formula is CBR=CR+PR~+SD over 6 months. In some embodiments, the
CBR for a particular cancer therapeutic regimen is at least 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, or more. Additional criteria for evaluating the
response to cancer therapies are related to “survival,” which includes all of the following:
survival until mortality, also known as overall survival (wherein said mortality may be cither
irrespective of cause or tumor related); “recurrence-free survival” (wherein the term recurrence
shall include both localized and distant recurrence); metastasis free survival; disease free
survival (wherein the term discase shall include cancer and discases associated therewith). The
length of said survival may be calculated by reference to a defined start point (e.g., time of
diagnosis or start of treatment) and end point (e.g., death, recurrence or metastasis). In
addition, criteria for efficacy of treatment can be expanded to include response to
chemotherapy, probability of survival, probability of metastasis within a given time period, and
probability of tumor recurrence. For example, in order to determine appropriate threshold
values, a particular cancer therapeutic regimen can be administered to a population of subjects
and the outcome can be correlated to copy number, level of expression, level of activity, etc. of
one or more biomarkers described herein that were determined prior to administration of any
cancer therapy. The outcome measurement may be pathologic response to therapy given in the
ncoadjuvant setting. Alternatively, outcome measures, such as overall survival and discase-
free survival can be monitored over a period of time for subjects following cancer therapy for
whom the measurement values are known. In certain embodiments, the same doses of cancer
therapeutic agents are administered to cach subject. In related embodiments, the doses
administered are standard doses known in the art for cancer therapeutic agents. The period of
time for which subjects are monitored can vary. For example, subjects may be monitored for at
least 2,4, 6,8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 55, or 60 months. Biomarker
threshold values that correlate to outcome of a cancer therapy can be determined using methods
such as those described in the Examples section. Outcomes can also be measured in terms of a
“hazard ratio” (the ratio of death rates for one patient group to another; provides likelihood of
death at a certain time point), “overall survival” (OS), and/or “progression free survival.” In
certain embodiments, the prognosis comprises likelihood of overall survival rate at 1 year, 2
years, 3 years, 4 years, or any other suitable time point. The significance associated with the

prognosis of poor outcome in all aspects of the present invention is measured by techniques
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known in the art. For example, significance may be measured with calculation of odds ratio. In
a further embodiment, the significance is measured by a percentage. In one embodiment, a
significant risk of poor outcome is measured as odds ratio of 0.8 or less or at least about 1.2,
including by not limited to: 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,1.2,13,14,15,1.6,1.7, 1.8,
1.9,2.0,2.5,3.0,4.0,5.0,10.0, 15.0, 20.0, 25.0, 30.0 and 40.0. In a further embodiment, a
significant increase or reduction in risk is at least about 20%, including but not limited to about
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%., 8§4%.,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, 99%, and
greater, or any range in between, with respect to a relevant outcome (e.g., accuracy, sensitivity,
specificity, 5-year survival, 10-year survival, metastasis-free survival, stage prediction, and the
like). In a further embodiment, a significant increase in risk is at least about 50%. Thus, the
present invention further provides methods for making a treatment decision for a cancer
patient, comprising carrying out the methods for prognosing a cancer patient according to the
different aspects and embodiments of the present invention, and then weighing the results in
light of other known clinical and pathological risk factors, in determining a course of treatment
for the cancer patient. For example, a cancer patient that is shown by the methods of the
invention to have an increased risk of poor outcome by combination chemotherapy treatment
can be treated with more aggressive therapies, including but not limited to radiation therapy,
peripheral blood stem cell transplant, bone marrow transplant, or novel or experimental
therapies under clinical investigation. In addition, it will be understood that the cancer therapy
responses can be predicted by the methods described herein according to enhanced sensitivity
and/or specificity criteria. For example, sensitivity and/or specificity can be at least 0.80, .81,
2, .83, .84, .85, .86, .87, .88, .89, .90, 91, .92, 93, .94, .95, .96, .97, .98, .99 or greater, any
range in between, or any combination for each of sensitivity and specificity.

[0043] The term “sample” used for detecting or determining the presence or level of at least
one biomarker is typically whole blood, plasma, serum, saliva, urine, stool (e.g., feces), tears,
and any other bodily fluid (e.g., as described above under the definition of “body fluids™), or a
tissue sample (e.g., biopsy) such as a thymoma sample or surgical resection tissue. In certain
instances, the method of the present invention further comprises obtaining the sample from the
individual prior to detecting or determining the presence or level of at least one marker in the

sample.
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[0044] The term “sensitize” means to alter cancer cells or tumor cells in a way that allows for
more effective treatment of the associated cancer with a cancer therapy (e.g., chemotherapeutic
or radiation therapy. In some embodiments, normal cells are not affected to an extent that
causes the normal cells to be unduly injured by the cancer therapy (e.g., chemotherapy or
radiation therapy). An increased sensitivity or a reduced sensitivity to a therapeutic treatment
is measured according to a known method in the art for the particular treatment and methods
described herein below, including, but not limited to, cell proliferative assays (Tanigawa N,
Kern D H, Kikasa Y, Morton D L, Cancer Res 1982; 42: 2159-2164), cell death assays
(Weisenthal L M, Shoemaker R H, Marsden J A, Dill P L, Baker J A, Moran E M, Cancer Res
1984; 94: 161-173; Weisenthal L M, Lippman M E, Cancer Treat Rep 1985; 69: 615-632;
Weisenthal L M, In: Kaspers G J L, Picters R, Twentyman P R, Weisenthal L M, Veerman A J
P, eds. Drug Resistance in Leukemia and Lymphoma. Langhorne, P A: Harwood Academic
Publishers, 1993: 415-432; Weisenthal L M, Contrib Gynecol Obstet 1994; 19: 82-90). The
sensitivity or resistance may also be measured in animal by measuring the tumor size reduction
over a period of time, for example, 6 month for human and 4-6 weeks for mouse. A
composition or a method sensitizes response to a therapeutic treatment if the increase in
treatment sensitivity or the reduction in resistance is 25% or more, for example, 30%, 40%,
50%, 60%, 70%, 80%, or more, to 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 15-fold, 20-fold or
more, compared to treatment sensitivity or resistance in the absence of such composition or
method. The determination of sensitivity or resistance to a therapeutic treatment is routine in
the art and within the skill of an ordinarily skilled clinician. It is to be understood that any
method described herein for enhancing the efficacy of a cancer therapy can be equally applied
to methods for sensitizing hyperproliferative or otherwise cancerous cells (e.g., resistant cells)
to the cancer therapy.

[0045] The term “subject” refers in one embodiment to an animal in need of therapy for, or
susceptible to, a condition or its sequelae. The subject can include dogs, cats, pigs, cows,
sheep, goats, horses, rats, mice, monkeys, and humans. The term “subject” does not exclude an
individual that is normal in all respects.

[0046] The term “survival” includes all of the following: survival until mortality, also known
as overall survival (wherein said mortality may be either irrespective of cause or tumor

related); “recurrence-free survival” (wherein the term recurrence shall include both localized
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and distant recurrence); metastasis free survival; disease free survival (wherein the term discase
shall include cancer and discases associated therewith). The length of said survival may be
calculated by reference to a defined start point (e.g. time of diagnosis or start of treatment) and
end point (e.g. death, recurrence or metastasis). In addition, criteria for efficacy of treatment
can be expanded to include response to chemotherapy, probability of survival, probability of
metastasis within a given time period, and probability of tumor recurrence.

[0047] The term “target nucleic acid™ or “template” includes any nucleic acid intended to be
detected, copied, and the like in, e.g., a polymerase amplification reaction, such as PCR.
[0048] The term “targeting polynucleotide sequence” as used herein, refers to a polynucleotide
sequence which is comprised of nucleotides which are complementary to a target nucleotide
sequence such that the sequence is of sufficient length and complementarity with the target
sequence to form a duplex which has sufficient stability for the purpose intended.

[0049] An “underexpression” or “significantly lower level of expression or copy number” of a
marker refers to an expression level or copy number in a test sample that is greater than the
control of the assay employed to assess expression or copy number, but is in some
embodiments at least 1.1, and in some embodiments 1.2,1.3,1.4,1.5,1.6,1.7, 1.8, 1.9, two,
three, four, five or ten or more times less than the expression level or copy number of the
marker in a control sample (e.g., sample from a subject who has not experienced recurrence or
metastasis relative to a subject who has experienced recurrence or metastasis or a healthy
subject not afflicted with cancer) and, in some embodiments, the average expression level or
copy number of the marker in several control samples.

[0050] Overview

[0051] Gene expression analysis was used to characterize expression profiles of thymomas and
thymic carcinomas, which were correlated with any clinical treatment and follow-up and
pathology data that was available from the individuals. PAM showed that a set of nine
biomarkers could be used to predict carly stage disease (Stage I-1I) with an error rate of about
10%. Similarly, a set of ten biomarkers could be used to predict absence of metastasis with an
error rate of about 4%.

[0052] Based upon this work, compositions and methods are provided for detecting,
diagnosing and prognosing an individual having or suspected of having cancer, particularly an

individual having or suspected of having thymic cancer. Such compositions and methods can
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be used for the carly diagnosis of or prognosticating recurrence or metastasis, for example,
thymic cancer, which is essential to assure the best treatment regimen and outcome.

[0053] The Thymus and Thymic Cancers

[0054] The thymus is in the upper part of the mediastinum and plays a major role in
developing cell-mediated immune responses. It reaches its maximum weight of about one
ounce during puberty, and then slowly decreases in size during adulthood as it is gradually
replaced by fat tissue. The thymus contains three types of cells, each of which can develop
into distinct cancers. These cell types include: epithelial cells, lymphocytes and Kulchitsky
cells. Thymic epithelial cells line the thymus and are the cells that constitute thymic cancers.
If the lymphocytes become malignant (i.e., cancerous), they can develop into lymphomas (e.g.,
Hodgkin disease and non-Hodgkin lymphomas). If Kulchitsky cells become malignant, they
can develop into carcinoid tumors of the thymus.

[0055] Thymomas and thymic carcinomas are cancers of the thymic epithelium or thymus
gland/thymic tissue. They tend to be rare and tend to be asymptomatic until they become large
enough to encroach on adjoining structures such as the trachea, lung, heart or great vessels.
The involvement of these structures can be associated with significant worsening of prognosis,
as it typically indicates that the tumors are unresectable.

[0056] Of particular interest herein are thymomas and thymic carcinomas, which are tumors
that start from thymic epithelial cells. Thymomas and thymic carcinomas are the most
common malignancies of the thymus gland with diverse histopathological findings and variable
clinical outcomes. See, Masaoka et al. (1981) Cancer 48:2485-2492.

[0057] Diagnosing Thymic Cancers

[0058] Thymomas are low grade epithelial tumors of the thymus. Despite their indolent
growth pattern, they may invade locally or metastasize. Tumors of the thymus typically
present late in their clinical course as a mass lesion or due to associated parancoplastic
syndromes such as myasthenia gravis. Surgery is the mainstay of treatment with carly-stage,
localized tumors, wherecas a combination strategy including surgery, radiation and
chemotherapy is provided for advanced-stage disease.

[0059] The tumor cells in thymomas look similar to the normal cells of the thymus, grow
slowly, and rarely spread beyond the thymus. They do, however, have a propensity to spread

along the pleura, which can result in difficulty in predicting the preoperative stage of the
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cancer. The overall survival rate is about 60% at 5 years and under 50% at 10 years.
Thymomas have been associated with parancoplastic syndromes such as myasthenia gravis,
polymyositis, lupus erythematosis, rheumatoid arthritis and pure red cell aplasia. See, Walid et
al. (2008) South. Med. J. 101:764-766.

[0060] Conversely, the tumor cells in thymic carcinomas look quite different from the normal
cells of the thymus, grow more quickly, and usually have spread to other parts of the body
when the cancer is found. Thymic carcinomas are thus more difficult to treat than thymomas.
Locally advanced thymic carcinomas often present as pleural plaques, which can be
misdiagnosed as lung metastases on imaging studies. Thus, it becomes important to
appropriately define metastases in tumors of thymic carcinomas. About 30% of individuals
having a thymic carcinoma are asymptomatic when diagnosed.

[0061] Thymic cancers can be categorized (i.e., graded) as types A (includes medullary
thymomas and spindle cell thymomas), AB (includes mixed thymomas), Bl (includes
lymphocyte rich thymomas such as predominantly cortical thymomas, organoid thymomas,
lymphocyte predominant thymomas and lymphocytic thymomas), B2 (includes cortical
thymomas), B3 (includes epithelial predominant thymomas, squamoid thymomas and well
differentiated thymic carcinomas) and thymic carcinomas under the 2004 World Health
Organization ("WHQO") classification of thymic epithelial tumors. See, Suster et al. (2006) J.
Clin. Pathol. 125:542-554. Of these, types AB and B2 arc the most common, type A is the
least common, and thymic carcinoma is the most dangerous.

[0062] The WHO histological classification, however, has a limited role in determining
prognosis. Current therapeutic management is almost entirely based on tumor stage.

[0063] Staging Thymic Cancers

[0064] Staging is the process of determining how far a cancer has spread. Treatment and
prognosis therefore depend, to a large extent, on the cancer's stage.

[0065] The Masaoka Classification System is used most often to stage thymic cancer. See,
Masaoka et al. (1981) Cancer 48:2485-2492. In the Masaoka Classification System, staging is
based upon: (1) whether imaging tests, such as CT or MRI scans, can reveal the extent of
discase; (2) whether the physician finds the tumor hard to separate from necarby tissues

(indicating the tumor is invasive); and (3) whether the doctor sees tumor cells beyond the
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thymus when looking at the tumor sample under the microscope. The Masaoka Classification
System thus separates thymic cancers into four main stages, as shown in Table 1.

[0066] Table 1: Masaoka Classification System

Stage Description
I Intact thymic capsule; non-invasive
I Capsular  invasion  into adjacent
mediastinal fat or pleura
I Macroscopic invasion into adjacent
organs
IVa Dissemination in thoracic cavity
IVb Distant metastases

[0067] Other staging systems are known in the art. See, e.g., Asamura et al. (2004) Interac.
Cardiovasc. Thorac. Surg. 3:163-167; and Bedini et al. (2005) Ann. Thorac. Surg. 80:1994-
2000.

[0068] Treatment Options for Thymic Cancers

[0069] Treatment options tend to vary depending upon the stage of the thymic cancer.
Physicians often use a simpler system based on whether the cancers are likely to be resectable
(where all visible tumor can be removed by surgery) or unresectable. In general, almost all
stage I and II thymomas, most stage III thymomas, and even some stage IV thymomas are
potentially resectable. Resectability is based on whether the tumor appears to have grown into
nearby tissues or spread to distant sites, as well as on whether or not a person is healthy enough
to have surgery.

[0070] Surgery is typically part of the treatment regimen whenever possible. Other forms of
treatment include, but are not limited to, radiation therapy, chemotherapy or a combination
thereof (i.e., chemo-radiation therapy).

[0071] Although complete resection and chemotherapy are effective therapies for most
individuals with early disease, metastasis remains a major clinical problem for patients (10-
year survival rate under 50%). See, Casey et al. (2008) Hematol. Oncol. Clin. North Am.
22:457-473. Unfortunately, there is a lack of information regarding the prediction of
individuals at high risk of metastasis and the treatment regimen selection for such individuals.
Depending on the extent of invasion of surrounding structures scen at surgery, adjuvant

radiation therapy or chemotherapy may be given to these individuals. This therapeutic regimen
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can lead to undertreatment of individuals diagnosed at an carly stage of discase, as well as
overtreatment of indolent tumors diagnosed at a later stage. Currently, a significant number of
individuals do not receive adjuvant chemo-radiation therapy until they develop recurrent or
metastatic disease. There is a great need to better understand the complex pathology of thymic
cancer and to develop specific molecular targets for therapy.

[0072] Compositions

[0073] Biomarkers

[0074] Compositions of the invention can include nucleic and amino acid biomarkers for
diagnosing and evaluating the prognosis of an individual having or suspected of having cancer,
particularly an individual having or suspected of having thymic cancer. As used herein,
"biomarker" or "biomarkers" means nucleic acid (e.g., gene) or amino acid (e.g., protein)
molecules whose level of expression in a cell, tissue, organ or mammal is altered compared to
that of a normal or healthy cell, tissue, organ or mammal. The biomarkers described herein
have expression levels that correlate with a cancer, particularly thymic cancer, and prognosis
thereof.

[0075] The biomarkers can include polynucleotides comprising the entire or partial sequence
of the nucleotide sequence encoding the biomarkers, or the complement of such sequences. As
used herein, "polynucleotide" means a polymer of nucleic acids or nucleotides that, unless
otherwise limited, encompasses naturally occurring bases (i.e., adenine, guanine, cytosine,
thymine and uracil) or known base analogues having the essential nature of naturally occurring
nucleotides in that they hybridize to single-stranded nucleic acid molecules in a manner similar
to naturally occurring nucleotides. Although it may comprise any type of nucleotide units, the
term generally applies to nucleic acid polymers of ribonucleotides ("RNA") or
deoxyribonucleotides ("DNA"). The term includes single-stranded nucleic acid polymers,
double-stranded nucleic acid polymers, and RNA and DNA made from nucleotide or
nucleoside analogues that can be identified by their nucleic acid sequences, which are generally
presented in the 5' to 3' direction (as the coding strand), where the 5' and 3' indicate the
linkages formed between the 5' hydroxyl group of one nucleotide and the 3'-hydroxyl group of
the next nucleotide. For a coding strand presented in the 5'-3' direction, its complement (or
non-coding strand) is the strand that hybridizes to that sequence according to Watson-Crick

base pairing. Thus, as used hercin, the complement of a nucleic acid is the same as the
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"reverse complement” and describes the nucleic acid that in its natural form, would be based
paired with the nucleic acid in question.

[0076] As used herein, a "nucleic acid," "nucleotide" or "nucleic acid residue" are used
interchangeably to mean a nucleic acid that is incorporated into a molecule such as a gene or
other polynucleotide. As noted above, the nucleic acid may be a naturally occurring nucleic
acid and, unless otherwise limited, may encompass known analogues of natural nucleic acids
that can function in a similar manner as naturally occurring nucleic acids. Examples of nucleic
acids include any of the known base analogues of DNA and RNA such as, but not limited to, 4-
acctylcytosine, 8-hydroxy-N6-methyladenosine, aziridinylcytosine, pseudoisocytosine, 5-
(carboxyhydroxylmethyl) uracil, 5-fluorouracil, 5-bromouracil, 5-carboxymethylaminomethyl-
2-thiouracil, 5-carboxymethylaminomethyluracil, dihydrouracil, inosine, N6-
isopentenyladenine,  1-methyladenine,  I-methylpseudouracil,  1-methylguanine, 1-
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-
methylcytosine, N6-methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-
methoxycarbonylmethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-
5-oxyacetic acid methylester, uracil-5-oxyacetic acid, oxybutoxosine, pseudouracil, queosine,
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, -uracil-5-
oxyacetic acid methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, and
2,6-diaminopurine.

[0077] As such, the biomarkers can include DNA or RNA comprising the entire or partial
nucleotide sequence thercof.

[0078] Alternatively, the biomarkers can include a peptide, polypeptide or protein encoded by
or corresponding to the nucleotide sequence of a biomarker described hercin. When the
biomarker is a peptide, polypeptide or protein, it can include the entire or partial amino acid
sequence of any of the biomarker proteins or polypeptides.

[0079] As used herein, "amino acid" or "amino acid residue” are used interchangeably herein
to mean an amino acid that is incorporated into an amino acid molecule such as a peptide,
polypeptide or protein (collectively, "protein"). The amino acid may be a naturally occurring
amino acid and, unless otherwise limited, may encompass known analogues of natural amino

acids that can function in a similar manner as naturally occurring amino acids.
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[0080] Whether polynucleotides or polypeptides, the biomarkers can include not only the
entirc biomarker sequence but also fragments and/or variants thercof. As used herein,
"fragment" or "fragments" mecans a portion of the nucleic or amino acid sequence of the
biomarker. Polynucleotides that are fragments of a biomarker nucleic acid sequence generally
comprise at least about 10, 15, 20, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 800, 900, 1,000, 1,200 or 1,500 contiguous nucleotides, or up to the number of
nucleotides present in a full-length biomarker polynucleotide disclosed herein. Likewise, a
fragment of a biomarker polypeptide comprises at least about 15, 25, 30, 50, 100, 150, 200 or
250 contiguous amino acids, or up to the total number of amino acids present in a full-length
biomarker protein.

[0081] As used herein, "about" means within a statistically meaningful range of a value or
values such as a stated concentration, length, molecular weight, pH, sequence identity, time
frame, temperature or volume. Such a value or range can be within an order of magnitude,
typically within 20%, more typically within 10%, and even more typically within 5% of a
given value or range. The allowable variation encompassed by "about" will depend upon the
particular system under study, and can be readily appreciated by one of skill in the art.

[0082] As used herein, "variant” or "variants" means substantially similar sequences.
Generally, variants of a particular biomarker have at least about 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or more
sequence identity (preferably over the full length) to a biomarker as determined by sequence
alignment programs.

[0083] One of skill in the art understands that variants can be constructed via modifications to
cither the polynucleotide or polypeptide sequence of the biomarker and can include
substitutions, insertions (e.g., adding no more than ten nucleotides or amino acid) and deletions
(e.g., deleting no more than ten nucleotides or amino acids). Methods of mutating and altering
nucleic acid sequences, as well as DNA shuffling, are well known in the art. See, e.g., Crameri
et al. (1997) Nature Biotech. 15:436-438; Crameri et al. (1998) Nature 391:288-291; Kunkel
(1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al. (1987) Methods in Enzymol.
154:367-382; Moore et al. (1997) J. Mol. Biol. 272:336-347; Stemmer (1994) Proc. Natl.
Acad. Sci. USA 91:10747-10751; Stemmer (1994) Nature 370:389-391; Zhang et al. (1997)
Proc. Natl. Acad. Sci. USA 94:4504-4509; and Techniques in Molecular Biology (Walker &

-2



WO 2012/178058 PCT/US2012/043814

Gaastra eds., MacMillan Publishing Co. 1983) and the references cited therein; as well as US
Patent Nos. 4,873,192; 5,605,793 and 5,837,458.

[0084] Methods of aligning sequences for comparison are well known in the art. Thus, the
determination of percent sequence identity between any two sequences can be accomplished
using a mathematical algorithm. Non-limiting examples of such mathematical algorithms arc
the algorithm of Myers & Miller (1988) CABIOS 4:11-17; the local alignment algorithm of
Smith et al. (1981) Adv. Appl. Math. 2:482; the global alignment algorithm of Needleman &
Wunsch (1970) J. Mol. Biol. 48:443-453; the secarch-for-local alignment method of Pearson &
Lipman (1988) Proc. Natl. Acad. Sci. USA 85:2444-2448; the algorithm of Karlin & Altschul
(1990) Proc. Natl. Acad. Sci. USA 87:2264, modified as in Karlin & Altschul (1993) Proc.
Natl. Acad. Sci. USA 90:5873-5877.

[0085] Biomarkers for use in the compositions and methods described herein can include, but
arc not limited to, COL11A1 (collagen, type XI, alpha 1, GenBank® Accession No.
NM_001190709), DACT3 (dapper, antagonist of beta-catenin, homolog 3; GenBank®
Accession No. NM_145056), SLC9A2 (solute carrier family 9 (sodium/hydrogen exchanger)
member 2; GenBank® Accession No. NM_003048), PRRX1 (paired related homeobox 1;
GenBank® Accession No. NM_006902), PDGFRL (platelet-derived growth factor receptor-
like; GenBank® Accession No. NM_006207), SCUBE2 (signal peptide, CUB domain, EGF-
like 2; GenBank® Accession No. NM_001170690), MAB21L2 (mab-21-like 2; GenBank®
Accession Nos. NM_006439 and XM_938794), FCGBP (Fc¢ fragment of IgG binding protein;
GenBank® Accession Nos. NM_ 003890 and XM _940656), MAOA (monoamine oxidase A;
GenBank® Accession Nos. NM_000240 and XM _499175), CTGF (connective tissue growth
factor; GenBank® Accession No. NM _001901), MET (met proto-oncogene (hepatocyte
growth factor receptor); GenBank® Accession No. NM 001127500), NEBL (ncbulette;
GenBank® Accession No. NM_001173484), GPR98 (G protein-coupled receptor 98;
GenBank® Accession No. NM 032119), GLDN (gliomedin; GenBank® Accession No.
NM 181789), IGSF11 (immunoglobulin superfamily, member 11; GenBank® Accession No.
NM 152538), PCDHI19 (protocadherin 19; GenBank® Accession No. NM_001184880),
C6orf118 (chromosome 6 open reading frame 118; GenBank® Accession No. NM_144980),
GOLSYN (syntabulin (syntaxin-interacting) (SYBU); GenBank®  Accession No.
NM _001099755), BCMOL1 (beta-carotene 15,15'-monooxygenase 1; GenBank® Accession No.
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NG 012171), PTN (pleiotrophin; GenBank® Accession No. NM 002825), LAMP2
(lysosomal-associated membrane protein 2; GenBank® Accession No. NM_001122606),
LRRC17 (leucine rich repeat containing 17; GenBank® Accession No. NM_005824), DDX60
(DEAD (Asp-Glu-Ala-Asp) box polypeptide 60; GenBank® Accession No. NM_017631),
GEM (GTP binding protein overexpressed in skeletal muscle; GenBank® Accession No.
NM 181702), FRMD6 (FERM domain containing 6; GenBank® Accession No. NM_152330),
KGFLP1 (fibroblast growth factor 7 psecudogene; GenBank® Accession Nos. NR 003674 and
XM _942179), C90orf93 (chromosome 9 open reading frame 93; GenBank® Accession No.
NM_173550), NGB (neuroglobin; GenBank® Accession Nos. NM_ 021257, XM 001129381
or XM _001132327), AKRIB10 (aldo-keto reductase family 1, member B1 (aldose reductase);
GenBank® Accession No. NM_001628), JPHI (junctophilin 1; GenBank® Accession No.
NM 020647), STCI (stanniocalcin 1; GenBank® Accession No. NM 003155), STC2
(stanniocalcin 23 GenBank® Accession No. NM_003714.2) and SLC7A11 (solute carrier
family 7 (anionic amino acid transporter light chain, xc-system), member 11; GenBank®
Accession No. NM_014331).

[0086] Alternatively, the biomarkers for use in the compositions and methods described herein
can include, but arec not limited to, JPH1, ALDH1A3 (aldechyde dehydrogenase 1 family,
member A3; GenBank® Accession No. NM_000693), SPOCK1 (sparc/osteonectin, cwev and
kazal-like domains proteoglycan (testican) 1; GenBank® Accession No. NM_004598), NGB,
STC1, STC2, AKR1B10, ENPEP (glutamyl aminopeptidase (aminopeptidase A); GenBank®
Accession No. NM_001977), GOLSYN, RPL39 (ribosomal protein L39; GenBank®
Accession No. NM _001000), LAMP2, ABHD7 (epoxide hydrolase 4 (EPHX4); GenBank®
Accession No. NM _173567), RBPMS2 (RNA binding protein with multiple splicing 2;
GenBank® Accession Nos. NM 194272 and XM 496072), C9orf93, SESN3 (sestrin 3;
GenBank® Accession No. NM_144665), MRRF (mitochondrial ribosome recycling factor;
GenBank® Accession No. NM _199177), NEBL, PRRX1, Cl14orf39 (chromosome 14 open
reading frame 39; GenBank® Accession No. NM_174978), LEPR (leptin receptor; GenBank®
Accession No. NG 015831), DTNA (dystrobrevin, alpha; GenBank® Accession No.
NM 001198945), LCAS (Leber congenital amaurosis 5; GenBank® Accession No.
NM 001122769), RSPO3 (R-spondin 3; NM_032784), IGF2BP2 (insulin-like growth factor 2
mRNA binding protein 2; GenBank® Accession No. NM_006548), GPR98, TIAM2 (T-cell
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lymphoma invasion and metastasis 2; GenBank® Accession No. NM_001010927), SLC9A2,
MAB21L2, SCUBE2, DACT3, COL11A1 and SLC7A11.

[0087] Alternatively, the biomarkers for use in the compositions and methods described herein
can include, but are not limited to, DACT3, JPH1, AKR1B10, COL11A1, SLC9A2, PDGFRL,
FCGBP, PRRX1, SERPINF1, NGB, SCUBE2, MAB21L2, LEPR, LCA5, GPR9&, RSPO3,
STC1, STC2 and SLC7A11.

[0088]In some embodiments, biomarkers for use in the compositions and methods described
herein can include, but are not limited to: 1) PDGFRL, FCGBP, PRRX1, SERPINF1, NGB,
SCUBE2, MAB21L2, LEPR, LCA5, GPR98, RSPO3, STC1, STC2, SLC7A11, DACTS3,
JPH1, AKR1B10, COL11A1, and SLC9A2 or 2) PDGFRL, FCGBP, PRRX1, SERPINFI,
NGB, DACT3, JPHI, AKR1B10, COL11A1, and SLC9A2 or 3) PDGFRL, FCGBP, PRRX1,
NGB, DACT3, JPHI, AKR1B10, COL11A1, and SLC9A2 or 4) PDGFRL, FCGBP, PRRX1,
NGB, DACT3, JPHI, AKR1B10, SERPINF1, and SLC9A2 or 5) AKR1B10, PDGFRL,
FCGBP, COL11A1, SERPINF1, JPH1, SLC9A2, and DACT3

[0089] Biomarkers for use as controls or references in the compositions and methods described
herein include, but are not limited to, IPO8 (importin 8; GenBank® Accession No.
NM 001190995), TFRC (transferrin receptor (p90, CD71); GenBank® Accession No.
NM 001128148), UBC (ubiquitin C; GenBank® Accession Nos. NM_021009, XM 942709,
and XM _946288-XM 946327), PGEl1 (PGE1 transporter; GenBank® Accession No.
AF187816) and GAPDH (glyceraldehyde-3-phosphate dehydrogenase; GenBank® Accession
No. NM_002046).

[0090] Kits

[0091] Compositions of the invention can include kits for detecting, diagnosing and
prognosing an individual having or suspected of having cancer, particularly an individual
having or suspected of having thymic cancer. As used herein, "kit" or "kits" means any
manufacture (e.g., a package or a container) including at least one reagent, such as a nucleic
acid probe, an antibody or the like, for specifically detecting the expression of the biomarkers
described herein. In some embodiments, a plurality of reagents is used. As used herein,
“plurality” means two or more probes and includes a combination of 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, or more or
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any range inclusive (e.g., 2-10 probes), wherein each probe of the combination selectively
binds to a specifically intended target biomolecule.

[0092] As used herein, "probe" means any molecule that is capable of selectively binding to a
specifically intended target biomolecule, for example, a nucleotide transcript or a protein
encoded by or corresponding to a biomarker. Probes can be synthesized by one of skill in the
art, or derived from appropriate biological preparations. Probes may be specifically designed
to be labeled. Examples of molecules that can be utilized as probes include, but are not limited
to, RNA, DNA, proteins, antibodies and organic molecules.

[0093] In other embodiments, primer (e.g., oligonucleotide) sequences are useful for detecting
or analyzing gene expression of biomarkers. In one embodiment, the present invention
features an oligonucleotide or primer pairs selected from the group consisting of
oligonucleotides shown in Table 10. In still another embodiment, the oligonucleotides of the
invention are at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%.,
82%, 83%, 84%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
95%. 99% or more identical to the nucleotide sequences set forth in oligonucleotides shown in
Table 10. In yet another embodiment, the oligonucleotides of oligonucleotides shown in Table
10 are at least 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, 52,
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80 or more nucleotides in length. A skilled
artisan will appreciate that certain clements of the useful oligonucleotides described herein
(e.g., restriction enzyme sites, cloning sites, overlapping linker sites, shortened, lengthened,
and/or modified in sequence for suitable annealing temperature design, etc.) can readily be
altered, as described further below, because they are not used to bind and amplify the
biomarker gene sequences per se. It will be appreciated that the nucleie acid sequences of the
present nvention need not consist ondy of the sequence which 15 complernentary to the targeted
homarker sequence. Thus, the nocleie acid sequences of the present juvention can contain in
addition, nucleotide sequences or other moieties which are suitable for the purposes for which
the nucleic acid sequences are used. For example, use of the nucleic acid sequonces as privers
can be used for the amplification of Maceca mulatie immumoglobulin sequences via PCR, they
can contain sequences which, when wn duplex, form restriction enzyvme sites which facilitate

the cloning of the amplhified sequences.

=26 -



WO 2012/178058 PCT/US2012/043814

[0094]In one embodiment, the invention provides a combination of one or more
oligonucleotides of the present invention (e.g., useful as probes). In yet another embodiment,
the invention provides a set of oligonucleotides, also referred to herein as “primer pairs” and
“nucleic acid primer sequences,” selected from the group consisting of two or more of the
oligonucleotides of the present invention. In still another embodiment, the invention provides
oligonucleotides which are able to amplify a biomarker having a nucleotide sequence selected
from the group consisting of oligonucleotides shown in Table 10, or a complement thereof.
[0095]In another embodiment, the oligonucleotides of the present invention comprise a label
for detection. Such labels can be, e.g., radioactive labels which can be incorporated by known
methods (e.g., nick translation or kinasing), radioactive isotopes, biotin, fluorescent groups,
chemiluminescent groups (e.g., dioxetanes, particularly triggered dioxetanes), digoxigenin,
enzymes, antibodies, luminescent agents, precipitating agents, dyes, combinations thereof, and
the like.

[0096]In still another embodiment, the oligonucleotides of the present invention can comprise
a promoter-primer, wherein a 5' portion of the sequence includes a promoter sequence.
[0097]1n another aspect, oligonucleotide combinations of the present invention, for example,
including at least one forward and one reverse primer, which together can be used for
amplification and/or sequencing of an intended biomarker of the present invention, can be
suitably packaged in a kit. In one embodiment, nested pairs of amplification and sequencing
primers are provided. In still another embodiment, the kit comprises a set of primers selected
from the group consisting of the oligonucleotides of the present invention. The primers in such
kits can be labeled or unlabeled. The kit can also include additional reagents such as reagents
for performing an amplification (e.g., PCR) reaction, a reverse transcriptase for conversion of
RNA to ¢B34A for amplification, DNA polymerases, ANTP and ddNTP feedstocks. Kits of the
present invention can also include instructions for use.

[0098] When making polynucleotides for use as probes to the biomarkers (e.g., hybridization
probes or primer sets), one of skill in the art can be further guided by knowledge of redundancy
in the genetic code as shown below in Table 2.

[0099] Table 2: Redundancy in Genetic Code.

Residue Triplet Codons Encoding the Residue

Ala (A) GCU, GCC, GCA, GCG
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Arg (R) CGU, CGC, CGA, CGG, AGA, AGG
Asn (N) AAU, AAC

Asp (D) GAU, GAC

Cys (C) UuGU, UGC

Gln (Q) CAA, CAG

Glu (E) GAA, GAG

Gly (G) GGU, GGC, GGA, GGG

His (H) CAU, CAC

Ile (T) AUU, AUC, AUA

Leu (L) UUA, UUG, CUU, CUC, CUA, CUG
Lys (K) AAA, AAG

Met (M)  AUG

Phe (F) Uuu, UuC

Pro (P) CCU, CCC, CCA, CCG

Ser (S) UCU, UCC, UCA, UCG, AGU, AGC
Thr (T) ACU, ACC, ACA, ACG

Trp (W) UGG

Tyr (Y) UAU, UAC

Val (V) GUU, GUC, GUA, GUG

START AUG

STOP UAG, UGA, UAA

[00100] Methods of synthesizing polynucleotides are well known in the art, such as
cloning and digestion of the appropriate sequences, as well as direct chemical synthesis (e.g.,
ink-jet deposition and clectrochemical synthesis). Methods of cloning polynucleotides are
described, for example, in Copeland et al. (2001) Nat. Rev. Genet. 2:769-779; Current
Protocols in Molecular Biology (Ausubel et al. eds., John Wiley & Sons 1995); Molecular
Cloning: A Laboratory Manual, 3" ed. (Sambrook & Russell eds., Cold Spring Harbor Press
2001); and PCR Cloning Protocols, 2™ ed. (Chen & Janes eds., Humana Press 2002). Methods
of direct chemical synthesis of polynucleotides include, but are not limited to, the
phosphotriester methods of Reese (1978) Tetrahedron 34:3143-3179 and Narang et al. (1979)
Methods Enzymol. 68:90-98; the phosphodiester method of Brown et al. (1979) Methods
Enzymol. 68:109-151; the diethylphosphoramidate method of Beaucage et al. (1981)
Tetrahedron Lett. 22:1859-1862; and the solid support methods of Fodor et al. (1991) Science
251:767-773; Pease et al. (1994) Proc. Natl. Acad. Sci. USA 91:5022-5026; and Singh-Gasson
et al. (1999) Nature Biotechnol. 17:974-978; as well as US Patent No. 4,485,066. See also,
Peattic (1979) Proc. Natl. Acad. Sci. USA 76:1760-1764; as well as EP Patent No. 1721908;
Int’l Patent Application Publication Nos. WO 2004/022770 and WO 2005/082923; US Patent
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Application Publication Nos. 2009/0062521 and 2011/0092685; and US Patent Nos. 6,521,427;
6,818,395; 7,521,178 and 7,910,726.

[00101] When making antibodies for use as probes to the biomarkers, one of skill in the
art can be further guided by knowledge that amino acids within the same conservative group
typically can substitute for one another without substantially affecting the function of a peptide,
polypeptide or protein (e.g., for use as an antigen or epitope). For the purpose of the present
invention, such conservative groups are sct forth in Table 3 and are based on shared properties.
See also, Alberts et al., "Small molecules, energy, and biosynthesis," 56-57 In: Molecular
Biology of the Cell, 3 ed. (Garland Publishing Inc. 1994).

[00102] Table 3. Amino Acid Conservative Substitutions.

Residue Side Chain  Side Chain pH Hydropathy Preferred Conservative

Polarity Index Substitution

Ala (A) Non-polar Neutral 1.8 Ser

Arg (R) Polar Basic (strongly) -4.5 Lys, Gln
Asn (N) Polar Neutral -3.5 Gln, His
Asp (D) Polar Acidic -3.5 Glu

Cys (C) Non-polar Neutral 2.5 Ser

Gln (Q) Polar Neutral -3.5 Asn, Lys

Glu (E) Polar Acidic -3.5 Asp

Gly (G) Non-polar Neutral -0.4 Pro

His (H) Polar Basic (weakly) -3.2 Asn, Gln

Ile (T) Non-polar Neutral 4.5 Leu, Val

Leu (L) Non-polar Neutral 3.8 Ile, Val

Lys (K) Polar Basic -3.9 Arg, Gln
Met (M) Non-polar Neutral 1.9 Leu, Ile

Phe (F) Non-polar Neutral 2.8 Met, Leu, Tyr
Pro (P) Non-polar Neutral -1.6 Gly

Ser (S) Polar Neutral -0.8 Thr

Thr (T) Polar Neutral -0.7 Ser
Trp (W) Non-polar Neutral -0.9 Tyr

Tyr (Y) Polar Neutral -1.3 Trp, Phe

Val (V) Non-polar Neutral 4.2 Ile, Leu

[00103] The following six groups each contain amino acids that are typical but not

necessarily exclusive conservative substitutions for one another: 1. Alanine (A), Serine (S),
Threonine (T); 2. Aspartic acid (D), Glutamic acid (E); 3. Asparagine (N), Glutamine (Q); 4.
Arginine (R), Lysine (K); 5. Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 6.
Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
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[00104] Substantial changes in function can be made by selecting substitutions that are
less conservative than those listed in the table above, i.e., by selecting residues that differ more
significantly in their effect on maintaining (a) the structure of the polypeptide backbone in the
arca of substitution, (b) the charge or hydrophobicity of the polypeptide at the target site, or (¢)
the bulk of a side chain. The substitutions that in general can be expected to produce the
greatest changes in the polypeptide's properties will be those in which (a) a hydrophilic residue,
e.g., seryl or threonyl, is substituted by a hydrophobic residue, e.g., leucyl, isoleucyl,
phenylalanyl, valyl or alanyl; (b) a cysteine or proline is substituted by any other residue; (¢) a
residue having an electropositive side chain, e.g., lysyl, arginyl or histidyl, is substituted by an
clectronegative side chain, e.g., glutamyl or aspartyl; (d) a residue having a bulky side chain,
e.g., phyenylalanyl, is substituted by a residue not having a side chain, e.g., glycyl; or (¢) by
increasing the number of sulfation or glycosylation.

[00105] Methods of synthesizing polypeptides or producing them recombinantly are
well known in the art. See, e.g., Ausubel et al. (1995), supra; and Proteins: Structures and
Molecular Principles (Creighton ed., W. H. Freeman & Co. 1983). Short peptides, for
example, can be synthesized on a solid support or in solution. Longer peptides may be made
using recombinant DNA techniques. Here, polynucleotides encoding the peptides of the
invention may be synthesized, and/or cloned, and expressed according to methods well known
in the art and used in the production of, for example, antibodies for use in the kits described
below to detect the biomarkers. See, e.g., Sambrook & Russell (2001), supra.

[00106] Methods of making antibodies are well known in the art. As used herein,
"antibody" or "antibodies" includes an immunoglobulin molecule immunologically reactive
with a particular antigen, and includes both polyclonal and monoclonal antibodies. The term
also includes genetically engineered forms such as chimeric antibodies (e.g., humanized
murine antibodies) and heteroconjugate antibodies (e.g., bispecific antibodies). For example,
the term includes bivalent or bispecific molecules, diabodies, triabodies and tetrabodies.
Bivalent and bispecific molecules are described in, e.g., Kostelny er al. (1992) J. Immunol.
148:1547; Pack & Pluckthun (1992) Biochem. 31:157; Zhu et al. (1997) Protein Sci. 6:781; Hu
et al. (1996) Cancer Res. 56:3055; Adams et al. (1993) Cancer Res. 53:4026; and McCartney
et al. (1995) Protein Eng. 8:301. The term "antibody" also includes antigen binding forms of
antibodies, including fragments with antigen-binding capability (e.g., Fab', F(ab'),, Fab, Fv and
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rlgG). The term also refers to recombinant single chain Fv fragments (scFv). Preferably,
antibodies employed to practice the present invention bind to its target protein with an affinity
(association constant) of equal to or greater than 10" M.

[00107] An antibody can be a monoclonal and polyclonal antibody and can belong to
any antibody class (i.e., IgG, IgM, IgA, etc.). One of skill in the art is familiar with methods
for making monoclonal antibodies (Mab). For example, one of skill in the art can make
monoclonal antibodies by isolating lymphocytes and fusing them with myeloma cells, thereby
producing hybridomas. See, e.g., Cell Biology: A Laboratory Handbook, 3rd ed. (Celis, ed.,
Elsevier Academic Press 2006); Milstein, "Handbook of experimental immunology,"
(Blackwell Scientific Pub. 1986); and Goding J, "Monoclonal antibodies: principles and
practice," (Academic Press 1983). The cloned hybridomas are then screened for production of,
e.g., "anti-biomarker" (i.e., antibodies that bind preferentially to one of the biomarkers
described herein, as well as fragments or variants thereof). Monoclonal antibodies are thus not
limited by the manner in which the antibodies are produced, whether such production is in situ
or not. Alternatively, antibodies can be produced by recombinant DNA technology including,
but not limited, to expression in bacteria, yeast, insect cell lines or mammalian cell lines.
[00108] Likewise, methods of making polyclonal antibodies are well known in the art.
For example, one of skill in the art can make polyclonal antibodies by immunizing a suitable
host animal, for example, such as a rabbit, with an immunogen (e.g., biomarker) and using
properly diluted serum or isolating immunoglobulins from the serum. The animal may
therefore be inoculated with the immunogen, with blood subsequently being removed from the
animal and an IgG fraction purified. Other suitable host animals include a chicken, goat,
sheep, guinea pig, rat or mouse. If desired, the immunogen may be administered as a conjugate
in which the immunogen is coupled, for example, via a side chain of one of its amino acid
residues, to a suitable carrier. The carrier molecule is typically a physiologically acceptable
carrier. The antibody obtained may be purified to a purity of up to about 70%, up to about
80%, up to about 90%, up to about 95%, up to about 99% or up to about 100%.

[00109] Antibody also encompasses functional fragments, like Fab and F(ab'),
antibodies. Treatment of antibodies with proteolytic enzymes, such as papain and pepsin,

generates these antibody fragments, especially anti-biomarker fragments.
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[00110] Antibodies can be conjugated to a detectable label for casy visualization.
Examples of suitable labels for the compositions and methods described herein include, but are
not limited to, radiolabels, biotin (which may be detected by avidin or streptavidin conjugated
to peroxidase), lanthanides, alkaline phosphatase and fluorescent labels (e.g., fluorescein,
rhodamine, especially the Alexa Fluor® family of fluorescent dyes available from
Invitrogen/Molecular Probes). Labeling of the antibody can be carried out by, for example,
labeling free amine groups (covalently or non-covalently). Some labels can be detected by
using a labeled counter suitable for the detection of the label in question.

[00111] The kits can be promoted, distributed or sold as units for performing the
methods described below. Additionally, the kits can contain a package insert describing the kit
and methods for its use. For example, the insert can include instructions for correlating the
level of biomarker expression measured with a subject's likelihood of having developed thymic
cancer or the likely prognosis of a subject already diagnosed with thymic cancer.

[00112] The kits therefore can be for detecting, diagnosing and prognosing a thymic
cancer with biomarkers at the nucleic acid level. Such kits are compatible with both manual
and automated nucleic acid detection techniques (e.g., gene arrays, Northern blotting or
Southern blotting). These kits can include a plurality of probes, for example, from two to thirty
nucleic acid probes that specifically bind to distinct biomarkers, fragments or variants thereof.
Alternatively, the kits can contain at least two probes, at least three probes, at least four probes,
at least five probes, at least six probes, at least seven probes, at least eight probes, at least nine
probes, at least ten probes, at least eleven probes, at least twelve probes, at least thirteen
probes, at least fourteen probes, at least fifteen probes, at least sixteen probes, at least
seventeen probes, at least eighteen probes, at least nineteen probes, at least twenty probes, at
least twenty-five probes, or at least thirty probes.

[00113] Likewise, the kits can be for detecting, diagnosing and prognosing a thymic
cancer with biomarkers at the amino acid level. Such kits are compatible with both manual and
automated immunohistochemistry techniques (e.g., cell staining, ELISA or Western blotting).
These kits can include a plurality of probes, for example, from two to thirty antibodics that
specifically bind to distinct biomarkers, fragments or variants thercof. Alternatively, the kits
can contain at least two antibodies, at least three antibodies, at least four antibodies, at least

five antibodies, at least six antibodies, at least seven antibodies, at least eight antibodies, at

-32-



WO 2012/178058 PCT/US2012/043814

least nine antibodies, at least ten antibodics, at lecast cleven antibodies, at least twelve
antibodies, at least thirteen antibodies, at least fourteen antibodies, at least fifteen antibodies, at
least sixteen antibodies, at least seventeen antibodies, at least eighteen antibodies, at least
nineteen antibodies, at least twenty antibodies, at least twenty-five antibodies or at least thirty
antibodies. Each antibody can be provided in the kit as an individual reagent or, alternatively,
as an antibody cocktail comprising the sclected number of antibodies directed to different
biomarkers.

[00114] Any or all of the kit reagents can be provided within containers that protect
them from the external environment, such as in sealed containers. Positive and/or negative
controls can be included in the kits to validate the activity and correct usage of reagents
employed in accordance with the invention. Controls can include samples, such as tissue
sections, cells fixed on glass slides, RNA preparations from tissues or cell lines, and the like,
known to be cither positive or negative for the presence of at least five different biomarkers.
The design and use of controls is standard and well within the routine capabilities of one of

skill in the art.

[00115] Methods

[00116] Methods of Detecting and/or Diagnosing Thymic Cancers

[00117] Methods of the invention include detecting and/or diagnosing a thymic cancer in
an individual having or suspected of having a thymic cancer. The method can include
determining the expression levels of RNA transcripts or expression products thereof of at pre-
selected number of biomarkers in a sample from an individual having or suspected of having a
cancer such as a thymic cancer.

[00118] The methods generally begin by collecting a sample from an individual having
or suspected of having a cancer. As used hercin, "sample"” means any collection of cells,
tissues, organs or bodily fluids in which expression of a biomarker can be detected. Examples
of such samples include, but are not limited to, biopsy specimens of cells, tissues or organs,
bodily fluids and smears.

[00119] When the sample is a biopsy specimen, it can include, but is not limited to,
thymic cells, particularly thymus tissue from a biopsy, such as a thymic tumor tissue sample.

Biopsy specimens can be obtained by a variety of techniques including, but not limited to,
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scraping or swabbing an arca, using a needle to aspirate cells or bodily fluids, or removing a
tissue sample. Methods for collecting various body samples/biopsy specimens are well known
in the art. In some embodiments, a thymus tissue sample is obtained by, for example, fine
needle aspiration biopsy, core needle biopsy, or excisional biopsy.

[00120] Fixative and staining solutions can be applied to, for example, cells or tissues
for preserving them and for facilitating examination. Body samples, particularly thymus tissue
samples, can be transferred to a glass slide for viewing under magnification. In one
embodiment, the body sample is a formalin-fixed, paraffin-embedded thymic tissue sample,
particularly a primary thymic tumor sample.

[00121] When the sample is a bodily fluid, it can include, but is not limited to, blood,
lymph, urine, saliva, aspirates or any other bodily secretion or derivative thercof. When the
sample is blood, it can include whole blood, plasma, serum or any derivative of blood.

[00122] After collecting and preparing the specimen from the individual having or
suspected of having thymic cancer, the methods then include detecting expression of the
biomarkers. One can use any method available for detecting expression of polynucleotide and
polypeptide biomarkers. As used herein, "detecting expression” means determining the
quantity or presence of a biomarker polynucleotide or its expression product. As such,
detecting expression encompasses instances where a biomarker is determined not to be
expressed, not to be detectably expressed, expressed at a low level, expressed at a normal level,
or overexpressed.

[00123] Expression of a biomarker can be determined by normalizing the level of a
reference marker/control, which can be all measured transcripts (or their products) in the
sample or a particular reference set of RNA transcripts (or their products). Normalization can
be performed to correct for or normalize away both differences in the amount of biomarker
assayed and variability in the quality of the biomarker type used. Therefore, an assay typically
measures and incorporates the expression of certain normalizing polynucleotides or
polypeptides, including well known housekeeping genes, such as, for example, GAPDH and/or
actin. Alternatively, normalization can be based on the mean or median signal of all of the
assayed biomarkers or a large subset thercof (global normalization approach).

[00124] To determine overexpression, the sample can be compared with a corresponding

sample that originates from a healthy individual. That is, the "normal" level of expression is
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the level of expression of the biomarker in, for example, a thymus tissue sample from an
individual not afflicted with thymic cancer. Such a sample can be present in standardized
form. Sometimes, determining biomarker overexpression requires no comparison between the
sample and a corresponding sample that originated from a healthy individual. For example,
detecting overexpression of a biomarker indicative of a poor prognosis in a thymic tumor
sample may preclude the need for comparison to a corresponding thymus tissue sample that
originates from a healthy individual. Moreover, no expression, underexpression or normal
expression (i.e., the absence of overexpression) of a biomarker or combination of biomarkers
of interest provides useful information regarding the prognosis of a thymic cancer patient.
[00125] Methods of detecting and quantifying polynucleotide biomarkers in a sample are
well known in the art. Such methods include, but are not limited to gene expression profiling,
which are based on hybridization analysis of polynucleotides, and sequencing of
polynucleotides. The most commonly used methods art for detecting and quantifying
polynucleotide expression in include northern blotting and in situ hybridization (Parker &
Barnes (1999) Methods Mol. Biol. 106:247-283), RNAse protection assays (Hod (1992)
Biotechniques 13:852-854), PCR-based methods, such as RT-PCR (Weis et al. (1992) TIG
8:263-264), and array-based methods (Schena et al (1995) Science 270:467-470).
Alternatively, antibodies may be employed that can recognize specific duplexes, including
DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes, or DNA-protein duplexes in,
for example, an oligonucleotide-linked immunosorbent assay ("OLISA"). See, Lee et al.
(1985) FEBS Lett. 190:120-124; Han et al. (2010) Bioconjug. Chem. 21:2190-2196; Miura et
al. (1987) Biochem. Biophys. Res. Commun. 144:930-935; and Tanha & Lee (1997) Nucleic
Acids Res. 25:1442-1449. Representative methods for sequencing-based gene expression
analysis include Serial Analysis of Gene Expression ("SAGE") and gene expression analysis
by massively parallel signature sequencing. See, Velculescu et al. (1995) Science 270: 484-
487.

[00126] Isolated RNA can be used to determine the level of biomarker transcripts (i.e.,
mRNA) in a sample, as many expression detection methods use isolated RNA. The starting
material typically is total RNA isolated from a body sample, such as a tumor or tumor cell line,
and corresponding normal tissue or cell line, respectively. Thus, RNA can be isolated from a

variety of primary tumors, including breast, lung, colon, prostate, brain, liver, kidney, pancreas,

-35-



WO 2012/178058 PCT/US2012/043814

spleen, thymus, testis, ovary, uterus, and the like, or tumor cell lines. If the source of mRNA is
a primary tumor, mRNA can be extracted, for example, from frozen or archived paraffin-
embedded and fixed (e.g., formalin-fixed) tissue samples.

[00127] Methods of isolating polynucleotides such as RNA from a sample are well
known in the art. See, e.g., Molecular Cloning: A Laboratory Manual, 3™ ed. (Sambrook et
al. eds., Cold Spring Harbor Press 2001); and Current Protocols in Molecular Biology
(Ausubel et al. eds., John Wiley & Sons 1995). Methods for RNA extraction from paraffin-
embedded tissues also are well known in the art. See, e.g., Rupp & Locker (1987) Lab Invest.
56:A67; and De Andres et al. (1995) Biotechniques 18:42-44. Moreover, isolation/purification
kits are commercially available for isolating polynucleotides such as RNA (Qiagen; Valencia,
CA). For example, total RNA from cells in culture can be isolated using Qiagen RNeasy®
Mini-Columns.  Other commercially available RNA isolation/purification kits include
MasterPure™ Complete DNA and RNA Purification Kit (Epicentre; Madison, WI.) and
Paraffin Block RNA Isolation Kit (Ambion; Austin, TX). Total RNA from tissue samples can
be isolated, for example, using RNA Stat-60 (Tel-Test; Friendswood, TX). RNA prepared
from a tumor can be isolated, for example, by cesium chloride density gradient centrifugation.
Additionally, large numbers of tissue samples readily can be processed using techniques well
known to those of skill in the art, such as, for example, the single-step RNA isolation process
of Chomczynski (US Patent No. 4,843,155).

[00128] Once isolated, the polynucleotide, such as mRNA, can be used in hybridization
or amplification assays including, but not limited to, Southern or Northern blotting, PCR and
probe arrays. One method of detecting polynucleotide levels involves contacting the isolated
polynucleotides with a nucleic acid molecule (probe) that can hybridize to the desired
polynucleotide target. The nucleic acid probe can be, for example, a full-length DNA, or a
portion thereof, such as an oligonucleotide of at least about 10, 15, 20, 30, 40, 50, 75, 100, 125,
150, 175, 200, 225, 250, 275, 300, 400 or 500 nucleotides or more in length and sufficient to
specifically hybridize under stringent conditions to a polynucleotide such as an mRNA or
genomic DNA encoding a biomarker of interest. Hybridization of a polynucleotide encoding
the biomarker of interest with the probe indicates that the biomarker in question is being

expressed.

-36 -



WO 2012/178058 PCT/US2012/043814

[00129] Stringent hybridization conditions are defined as hybridizing at 68°C in 5x
SSC/5x Denhardt's solution/1.0% SDS, and washing in 0.2x SSC/0.1% SDS +/- 100 ug/ml
denatured salmon sperm DNA at room temperature (RT), and moderately stringent
hybridization conditions are defined as washing in the same buffer at 42°C. Additional
guidance regarding such conditions is readily available in the art, for example, in Molecular
Cloning: A Laboratory Manual, 3™ ed. (Sambrook et al. eds., Cold Spring Harbor Press 2001);
and Current Protocols in Molecular Biology (Ausubel et al. eds., John Wiley & Sons 1995).
[00130] Another method of detecting polynucleotide expression levels involves
immobilized polynucleotides on a solid surface and contacting the immobilized
polynucleotides with a probe, for example by running isolated mRNA on an agarose gel and
transferring the mRNA from the gel to a membrane, such as nitrocellulose. Alternatively, the
probes can be immobilized on a solid surface and isolated mRNA is contacted with the probes,
for example, in an Agilent Gene Chip Array.

[00131] For example, microarrays can be used to detect polynucleotide expression.
Microarrays are particularly well suited because of the reproducibility between different
experiments. DNA microarrays provide one method for the simultancous measurement of the
expression levels of large numbers of polynucleotides. Each array consists of a reproducible
pattern of capture probes attached to a solid support. Labeled RNA or DNA is hybridized to
complementary probes on the array and then detected by laser scanning. Hybridization
intensities for cach probe on the array are determined and converted to a quantitative value
representing relative gene expression levels. See, e.g., US Patent Nos. 6,040,138; 5,800,992;
6,020,135; 6,033,860 and 6,344,316. High-density oligonucleotide arrays are particularly
uscful for determining expression profiles for a large number of polynucleotides in a sample.
[00132] Methods of synthesizing these arrays using mechanical synthesis methods are
described in, for example, US Patent No. 5,384,261. Although a planar array surface generally
is used, the array can be fabricated on a surface of virtually any shape or even a multiplicity of
surfaces. Arrays can be nucleic acids (or peptides) on beads, gels, polymeric surfaces, fibers
(such as fiber optics), glass or any other appropriate substrate. See, e.g., US Patent Nos.
5,770,358; 5,789,162; 5,708,153; 6,040,193 and 5,800,992.

[00133] As such, PCR-amplified inserts of cDNA clones can be applied to a substrate in

a dense array. For example, at least about 10,000 nucleotide sequences can be applied to the
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substrate. The microarrayed genes, immobilized on the microchip at 10,000 elements each, are
suitable for hybridization under stringent conditions. Fluorescently labeled cDNA probes can
be generated through incorporation of fluorescent nucleotides by reverse transcription of RNA
extracted from tissues of interest. Labeled cDNA probes applied to the chip hybridize with
specificity to cach spot of DNA on the array. After stringent washing to remove non-
specifically bound probes, the chip is scanned by confocal laser microscopy or by another
detection method, such as a CCD camera. Quantitation of hybridization of cach arrayed
clement allows for assessment of corresponding mRNA abundance.

[00134] With dual color fluorescence, separately labeled cDNA probes generated from
two sources of polynucleotide can be hybridized pairwise to the array. The relative abundance
of the transcripts from the two sources corresponding to each specified molecule is thus
determined simultancously. The miniaturized scale of the hybridization affords a convenient
and rapid evaluation of the expression pattern for large numbers of genes. Such methods have
been shown to have the sensitivity required to detect rare transcripts, which are expressed at a
few copies per cell, and to reproducibly detect at least approximately two-fold differences in
the expression levels. See, Schena et al. (1996) Proc. Natl. Acad. Sci. USA 93:106-149.
Advantageously, microarray analysis can be performed by commercially available equipment,
following manufacturer's protocols, such as by using the Affymetrix® GenChip Technology,
or Agilent® Ink-Jet Microarray Technology. The development of microarray methods for
large-scale analysis of gene expression makes it possible to search systematically for molecular
markers of cancer classification and outcome prediction in a variety of tumor types.

[00135] Another method of detecting polynucleotide expression levels involves a digital
technology developed by NanoString® Technologies (Scattle, WA) and based on direct
multiplexed measurement of gene expression, which offers high levels of precision and
sensitivity (<1 copy per cell). The method uses molecular "barcodes" and single molecule
imaging to detect and count hundreds of unique transcripts in a single reaction. Each color-
coded barcode is attached to a single target-specific probe corresponding to a gene of interest.
Mixed together with controls, they form a multiplexed CodeSet. Two ~50 base probes per
mRNA can be included for hybridization. The reporter probe carries the signal, and the
capture probe allows the complex to be immobilized for data collection. After hybridization,

the excess probes are removed and the probe/target complexes aligned and immobilized in an
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nCounter® Cartridge. Sample cartridges are placed in a digital analyzer for data collection.
Color codes on the surface of the cartridge are counted and tabulated for each target molecule.
[00136] Another method of detecting polynucleotide expression levels involves nucleic
acid amplification, for example, by RT-PCR (US Patent No. 4,683,202), ligase chain reaction
(Barany (1991) Proc. Natl. Acad. Sci. USA 88:189-193), sclf-sustained sequence replication
(Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional amplification
system (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86:1173-1177), Q-Beta Replicase
(Lizardi et al., (1988) Bio/Technology 6:1197), rolling circle replication (US Patent No.
5,854,033), or any other nucleic acid amplification method, followed by the detection of the
amplified molecules using techniques well known in the art. Likewise, biomarker expression
can be assessed by quantitative fluorogenic RT-PCR (i.e., the TagMan® System). For PCR
analysis, methods and software are available to determine primer sequences for use in the
analysis. These methods are particularly useful for detecting polynucleotides present in very
low numbers.

[00137] Additional methods of detecting polynucleotide expression levels of RNA may
be monitored using a membrane blot (such as used in hybridization analysis such as Northern
or Southern blotting, dot, and the like), or microwells, sample tubes, gels, beads or fibers (or
any solid support comprising bound nucleic acids). See, e.g., US Patents Nos. 5,770,722;
5,874,219; 5,744,305; 5,677,195 and 5,445,934. Polynucleotide biomarker expression also can
include using nucleic acid probes in solution.

[00138] Another method of detecting polynucleotide expression levels involves SAGE,
which is a method that allows the simultancous and quantitative analysis of a large number of
polynucleotides without the need of providing an individual hybridization probe for cach
transcript. First, a short sequence tag (about 10-14 bp) is generated that contains sufficient
information to uniquely identify a transcript, provided that the tag is obtained from a unique
position within each transcript. Then, many transcripts are linked together to form long serial
molecules that can be sequenced, revealing the identity of the multiple tags simultancously.
The expression pattern of any population of transcripts can be quantitatively evaluated by
determining the abundance of individual tags and identifying the gene corresponding to each

tag. See, Velculescu et al. (1995), supra.
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[00139] Another method of detecting polynucleotide expression levels involves
massively parallel signature sequencing ("MPSS"). See, Brenner et al. (2000) Nat. Biotech.
18:630-634. This sequencing combines non-gel-based signature sequencing with in vitro
cloning of millions of templates on separate diameter microbeads. First, a microbead library of
DNA templates can be constructed by in vitro cloning. This is followed by assembling a
planar array of the template-containing microbeads in a flow cell at a high density (typically
greater than 3.0 x 10° microbeads/cm?). The free ends of the cloned templates on each
microbead are analyzed simultancously, using a fluorescence-based signature sequencing
method that does not requirc DNA fragment separation. This method has been shown to
simultancously and accurately provide, in a single operation, hundreds of thousands of gene
signature sequences from a ycast DNA library.

[00140] Likewise, methods of detecting and quantifying polypeptides in a sample are
well known in the art and include, but are not limited to, immunohistochemistry and
protcomics-based methods.

[00141] For example, a thymic tissue sample can be collected by, for example, biopsy
techniques known in the art. Samples can be frozen for later preparation or immediately placed
in a fixative solution. Tissue samples can be fixed by treatment with a reagent, such as
formalin, gluteraldehyde, methanol, or the like and embedded in paraffin. Methods for
preparing slides for immunohistochemical analysis from formalin-fixed, paraffin-embedded
tissue samples are well known in the art.

[00142] Some samples may need to be subjected to antigen retrieval or antigen
unmasking to make the biomarker polypeptides accessible to, for example, antibody binding.
As used herein, "antigen retrieval” or "antigen unmasking” means methods for increasing
antigen accessibility or recovering antigenicity in, for example, formalin-fixed, paraffin-
embedded tissue samples. Formalin fixation of tissue samples results in extensive cross-
linking of proteins that can lead to the masking or destruction of antigen sites and,
subsequently, poor antibody staining. Any method of making antigens more accessible for
antibody binding may be used in the practice of the invention, including those antigen retricval
methods known in the art. See, e.g., Tumor Marker Protocols (Hanausek & Walaszek, eds.,
Humana Press, Inc. 1988); and Shi et al, Antigen Retrieval Techniques:

Immunohistochemistry and Molecular Morphology (Eaton Publishing 2000).
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[00143] Methods of antigen retrieval are well known in the art. Examples of such
methods include, but are not limited to, treatment with proteolytic enzymes (e.g., trypsin,
chymotrypsin, pepsin, pronase and the like) or antigen retricval solutions. Antigen retrieval
solutions can include citrate buffer, pH 6.0, Tris buffer, pH 9.5, EDTA, pH 8.0, L.A.B.
("Liberate Antibody Binding Solution"; Polysciences; Warrington, PA), antigen retricval Glyca
solution (Biogenex; San Ramon, CA), citrate buffer solution, pH 4.0, Dawn® detergent
(Proctor & Gamble; Cincinnati, OH), deionized water and 2% glacial acetic acid. Such an
antigen retrieval solutions can be applied to a formalin-fixed tissue sample and then heated in
an oven (e.g., at 60°C), steamed (e.g., at 95°C) or pressure cooked (e.g., at 120°C) for a pre-
determined time periods. Alternatively, antigen retrieval can be performed at room
temperature. As such, incubation times will vary with the particular antigen retrieval solution
selected and with the incubation temperature. For example, an antigen retrieval solution can be
applied to a sample for as little as about 5, 10, 20 or 30 minutes or up to overnight. The design
of assays to determine the appropriate antigen retrieval solution and optimal incubation times
and temperatures is standard and well within the routine capabilities of one of skill in the art.
[00144] Following antigen retrieval, samples are blocked using an appropriate blocking
agent (e.g., hydrogen peroxide). An antibody directed to a biomarker of interest then is
incubated with the sample for a time sufficient to permit antigen-antibody binding. As
described elsewhere, at least five antibodies directed to five distinct biomarkers can be used to
detect thymic cancer. Where more than one antibody may be used, these antibodies can be
added to a single sample sequentially as individual antibody reagents, or simultancously as an
antibody cocktail. Alternatively, each individual antibody can be added to a separate tissue
section from a single patient sample, and the resulting data pooled.

[00145] Methods of detecting antibody binding are well known in the art. Antibody
binding to a biomarker of interest can be detected through the use of chemical reagents that
generate a detectable signal that corresponds to the level of antibody binding, and, accordingly,
to the level of biomarker protein expression. For example, antibody binding can be detected
through the use of a secondary antibody that is conjugated to a labeled polymer. Examples of
labeled polymers include but are not limited to polymer-enzyme conjugates. The enzymes in
these complexes are typically used to catalyze the deposition of a chromogen at the antigen-

antibody binding site, thereby resulting in cell or tissue staining that corresponds to expression

-4] -



WO 2012/178058 PCT/US2012/043814

level of the biomarker of interest. Enzymes of particular interest include horseradish
peroxidase (HRP) and alkaline phosphatase (AP). Commercially antibody detection systems
include, for example, the Dako Envision+system (Glostrup; Denmark) and Biocare Medical's
Mach 3 System (Concord, CA), and can be used herein.

[00146] Detecting antibody binding can be facilitated by coupling the antibody to a
detectable moicty. Examples of detectable moicties include various enzymes, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline phosphatase,
galactosidase and acetylcholinesterase. Examples of suitable prosthetic group complexes
include streptavidin/biotin and avidin/biotin. Examples of suitable fluorescent materials
include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriaziny-lamine fluorescein, dansyl chloride and phycoerythrin. An example of a
luminescent material is luminol. Examples of bioluminescent materials include luciferase,
luciferin and aequorin. Examples of radioactive materials include '*I, "*'I, **S and *H.

[00147] In regard to additional antibody detection methods, there also exists video
microscopy and software methods for quantitatively determining an amount of multiple
molecular species (e.g., biomarker proteins) in a biological sample, where each molecular
species present is indicated by a representative dye marker having a specific color. Such
methods are known in the art as a colorimetric analysis method. In these methods, video-
microscopy is used to provide an image of the biological sample after it has been stained to
visually indicate the presence of a particular biomarker of interest. See, e.g., US Patent Nos.
7,065,236 and 7,133,547, which disclose the use of an imaging system and associated software
to determine the relative amounts of each molecular species present based on the presence of
representative color dye markers as indicated by those color dye markers' optical density or
transmittance value, respectively, as determined by an imaging system and associated software.
These methods provide quantitative determinations of the relative amounts of each molecular
species in a stained biological sample using a single video image that is "deconstructed" into its
component color parts.

[00148] As noted above, polynucleotide and polypeptide biomarkers for use in detecting
and/or diagnosing thymic cancer can include JPH1, ALDH1A3, SPOCKI1, NGB, STCI1, STC
2, AKR1B10, ENPEP, GOLSYN, RPL39, LAMP2, ABHD7, RBPMS2, C90rf93, SESN3,
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MRRF, NEBL, PRRX1, C140rf39, LEPR, DTNA, LCAS, RSPO3, IGF2BP2, GPR9§, TIAM2,
SLC9A2, MAB21L2, SCUBE2, DACT3, COL11A1 and SLC7A11.

[00149] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
include DACT3, JPH1, AKRI1B10, COL11A1, SLC9A2, PDGFRL, FCGBP, PRRXI,
SERPINF1, NGB, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98, RSPO3, STC1, STC2 and
SLC7AT11.

[00150] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
include DACT3, JPH1, COL11A1, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98, RSPO3,
STC1, STC2 and SLC7A11.

[00151] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
include DACT3, JPH1, COL11A1, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98 and RSPO3.
[00152] Additional polynucleotide and polypeptide biomarkers for use herein are
described above in the section defining biomarkers of the present invention.

[00153] Polynucleotide and polypeptide biomarkers for use herein as controls or
references can include IPOS, TFRC, UBC, PGE1 and GAPDH.

[00154] With respect to detecting and diagnosing thymic cancer, preferred biomarkers
can be DACT3, JPH1, COL11A1, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98, RSPO3,
STC1, STC2 and SLC7AI11, where overexpression of DACT3, COL11A1, SCUBE2,
MAB21L2, LEPR, LCAS5, GPR98 and RSPO3, in connection with reduced expression of
STC1, STC2, JPH1 and SLC7AL11, indicates early stage thymic cancer.

[00155] Methods of Prognosing Thymic Cancers

[00156] Methods of the invention include prognosing the likelihood of metastasis in an
individual having a thymic cancer. The methods include detecting the expression of
biomarkers in a sample from an individual having a thymic cancer. Altered expression levels
of a biomarker or combination of biomarkers can be used to indicate thymic cancer prognosis
(i.e., poor or good prognosis). As such, altered expression of a particular biomarker or
combination of biomarkers permits the differentiation of individuals having a thymic cancer
that are likely to experience disease recurrence and/or metastasis (i.e., poor prognosis) from
those who are more likely to remain cancer free (i.e., good prognosis).

[00157] As used herein, "prognose,” "prognoses,” "prognosis" and "prognosing” means

predictions about or predicting a likely course or outcome of a discase or disecase progression,
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particularly with respect to a likelihood of, for example, disecase remission, disease relapse,
tumor recurrence, metastasis and death (i.e., the outlook for chances of survival). As used
herein, "good prognosis" or "favorable prognosis" means a likelihood that an individual having
cancer, particularly thymic cancer, will remain disease-free (i.e., cancer-free). As used herein,
"poor prognosis" means a likelihood of a relapse or recurrence of the underlying cancer or
tumor, metastasis or death. Individuals classified as having a good prognosis remain free of
the underlying cancer or tumor. Conversely, individuals classified as having a bad prognosis
experience disease relapse, tumor recurrence, metastasis or death.

[00158] Additional criteria for evaluating the response to anti-thymic cancer therapies
arc related to "survival,” which includes all of the following: survival until mortality, also
known as overall survival (wherein said mortality may be cither irrespective of cause or tumor
related); "recurrence-free survival" (wherein the term recurrence shall include both localized
and distant recurrence); metastasis free survival; disease free survival (wherein the term disease
shall include cancer and diseases associated therewith). The length of said survival may be
calculated by reference to a defined start point (e.g. time of diagnosis or start of treatment) and
end point (e.g. death, recurrence or metastasis). In addition, criteria for efficacy of treatment
can be expanded to include response to chemotherapy, probability of survival, probability of
metastasis within a given time period, and probability of tumor recurrence.

[00159] One of skill in the art is familiar with the time frame(s) for assessing prognosis
and outcome. Examples of such time frames include, but are not limited to, less than one year,
about one, two, three, four, five, six, seven, eight, nine, ten, fifteen, twenty or more years.
With respect to thymic cancer, the relevant time for assessing prognosis or disease-free
survival time often begins with the surgical removal of the tumor or suppression, mitigation or
inhibition of tumor growth. Thus, for example, a good prognosis can be a likelihood that the
individual having thymic cancer will remain free of the underlying cancer or tumor for a period
of at least about five, more particularly, a period of at least about ten years. In contrast, for
example, a bad prognosis can be a likelihood that the individual having thymic cancer
experiences disease relapse, tumor recurrence, metastasis or death within a period of less than
about five years, more particularly a period of less than about ten years.

[00160] Methods of prognosing cancer are well known in the art. One method to

evaluate the prognostic performance of the biomarkers and/or other clinical parameters utilizes
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PAM. PAM is a statistical technique for class prediction from gene expression data using
nearest shrunken centroids. See, Tibshirani et al. (2002) Proc. Natl. Acad. Sci. 99:6567-6572.
[00161] Another method is the nearest shrunken centroids, which identifies subsets of
genes that best characterize each class. This method is general and can be used in many other
classification problems. It can also be applied to survival analysis problems. The method
computes a standardized centroid for each class., which is the average gene expression for each
gene in cach class divided by the within-class standard deviation for that gene. Nearest
centroid classification takes the gene expression profile of a new sample, and compares it to
cach of these class centroids. The class whose centroid that it is closest to, in squared distance,
is the predicted class for that new sample. Nearest shrunken centroid classification makes one
important modification to standard nearest centroid classification. It "shrinks" each of the class
centroids toward the overall centroid for all classes by an amount we call the threshold. This
shrinkage consists of moving the centroid towards zero by threshold, setting it equal to zero if
it hits zero. For example if threshold was 2.0, a centroid of 3.2 would be shrunk to 1.2, a
centroid of -3.4 would be shrunk to -1.4, and a centroid of 1.2 would be shrunk to zero. After
shrinking the centroids, the new sample is classified by the usual nearest centroid rule, but
using the shrunken class centroids. This shrinkage has two advantages: 1) it can make the
classifier more accurate by reducing the effect of noisy genes; and 2) it does automatic gene
selection. The user decides on the value to use for threshold. Typically one examines a
number of different choices.

[00162] Alternatively, prognostic performance of the biomarkers and/or other clinical
parameters can be assessed by Cox Proportional Hazards Model Analysis, which is a
regression method for survival data that provides an estimate of the hazard ratio and its
confidence interval. The Cox model is a well-recognized statistical method for exploring the
relationship between the survival of a patient and particular variables. This statistical method
permits estimation of the hazard (i.e., risk) of individuals given their prognostic variables (e.g.,
overexpression of particular biomarkers, as described herein). Cox model data are commonly
presented as Kaplan-Meier curves or plots. The "hazard ratio” is the risk of death at any given
time point for patients displaying particular prognostic variables. See generally, Spruance et

al. (2004) Antimicrob. Agents & Chemo. 48:2787-2792.
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[00163] The biomarkers of interest can be statistically significant for assessment of the
likelihood of thymic cancer recurrence or death due to the underlying thymic cancer. Methods
for assessing statistical significance are well known in the art and include, for example, using a
log-rank test, Cox analysis and Kaplan-Meier curves. A p-value of less than 0.05 can be used
to constitute statistical significance.

[00164] The expression levels of at least one biomarker in a thymic tumor sample can be
indicative of a poor thymic cancer prognosis and thereby used to identify individuals who are
more likely to suffer a recurrence of the underlying cancer. The therefore methods involve
detecting the expression levels of at least one biomarker in a thymic tumor sample that is
indicative of ecarly stage disease.

[00165] In some embodiments, overexpression of a biomarker or combination of
biomarkers of interest in a sample can be indicative of a poor cancer prognosis. As used
herein, "indicative of a poor prognosis" is intended that altered expression of particular
biomarkers or combination of biomarkers is associated with an increased likelihood of relapse
or recurrence of the underlying cancer or tumor, metastasis or death. For example, "indicative
of a poor prognosis" may refer to an increased likelihood of relapse or recurrence of the
underlying cancer or tumor, metastasis, or death within ten years, such as five years. In other
aspects of the invention, the absence of overexpression of a biomarker or combination of
biomarkers of interest is indicative of a good prognosis. As used herein, "indicative of a good
prognosis” refers to an increased likelihood that the patient will remain cancer free. In some
embodiments, "indicative of a good prognosis" refers to an increased likelihood that the patient
will remain cancer-free for ten years, such as five years.

[00166] As noted above, polynucleotide and polypeptide biomarkers for use in
prognosing thymic cancer can include COL11A1, DACT3, SLC9A2, PRRX1, PDGFRL,
SCUBE2, MAB21L2, FCGBP, MAOA, CTGF, MET, NEBL, GPR98, GLDN, IGSFIl1,
PCDHI19, Cé6orfl18, GOLSYN, BCMO1, PTN, LAMP2, LRRC17, DDX60, GEM, FRMD®6,
KGFLP1, C9rf93, NGB, AKR1B10, JPH1 STC1, STC2 and SLC7AL11.

[00167] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
include DACT3, JPH1, AKRI1B10, COL11A1, SLC9A2, PDGFRL, FCGBP, PRRXI,
SERPINF1, NGB, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98, RSPO3, STC1, STC2 and
SLC7A11.
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[00168] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
includle DACT3, JPH1, AKRIB10, COL11A1, SLC9A2, PDGFRL, FCGBP, PRRXI,
SERPINF1, NGB, STC1, STC2 and SLC7A11.

[00169] Alternatively, polynucleotide and polypeptide biomarkers for use hercin can
includle DACT3, JPH1, AKRIB10, COL11A1, SLC9A2, PDGFRL, FCGBP, PRRXI,
SERPINF1 and NGB.

[00170] Additional polynucleotide and polypeptide biomarkers for use herein are
described above in the section defining biomarkers of the present invention.

[00171] Polynucleotide and polypeptide biomarkers for use herein as controls or
references can include IPO8, TFRC, UBC, PGE1 and GAPDH.

[00172] With respect to prognosing metastasis in thymic cancer, preferred biomarkers
can be DACT3, JPH1, AKRIB10, COL11A1, SLC9A2, PDGFRL, FCGBP, PRRXI,
SERPINF1, NGB, STC1, STC2 and SLC7A11, where overexpression of DACT3, COL11A1,
SLC9A2, PDGFRL, FCGBP, PRRX1 and SERPINFI, in connection with reduced expression
of JPH1, AKRI1B10, NGB, STCl1, STC2 and SLC7AIll, indicates a low likelihood of
metastasis and good/favorable prognosis.

[00173] In certain embodiments, the methods of the invention implement a computer
program and computer system. For example, a computer program can be used to perform the
algorithms described herein. A computer system can also store and manipulate data generated
by the methods of the present invention which comprises a plurality of biomarker signal
changes/profiles which can be used by a computer system in implementing the methods of this
invention. In certain embodiments, a computer system receives biomarker expression data; (ii)
stores the data; and (iii) compares the data in any number of ways described herein (e.g.,
analysis relative to appropriate controls) to determine the state of informative biomarkers from
cancerous or pre-cancerous tissue. In other embodiments, a computer system (i) compares the
determined expression biomarker level to a threshold value; and (ii) outputs an indication of
whether said biomarker level is significantly modulated (e.g., above or below) the threshold
value, or a phenotype based on said indication.

[00174] In certain embodiments, such computer systems are also considered part of the
present invention. Numerous types of computer systems can be used to implement the analytic

methods of this invention according to knowledge possessed by a skilled artisan in the
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bioinformatics and/or computer arts. Several software components can be loaded into memory
during operation of such a computer system. The software components can comprise both
software components that are standard in the art and components that are special to the present
invention (e.g., dCHIP software described in Lin et al. (2004) Bioinformatics 20, 1233-1240;
radial basis machine learning algorithms (RBM) known in the art).

[00175] The methods of the invention can also be programmed or modeled in
mathematical software packages that allow symbolic entry of equations and high-level
specification of processing, including specific algorithms to be used, thereby freecing a user of
the need to procedurally program individual equations and algorithms. Such packages include,
e.g., Matlab from Mathworks (Natick, Mass.), Mathematica from Wolfram Rescarch
(Champaign, I11.) or S-Plus from MathSoft (Seattle, Wash.).

[00176] In certain embodiments, the computer comprises a database for storage of
biomarker expression data. Such stored profiles can be accessed and used to perform
comparisons of interest at a later point in time. For example, biomarker expression profiles of
a sample derived from the non-cancerous tissue of a subject and/or profiles generated from
population-based distributions of informative loci of interest in relevant populations of the
same species can be stored and later compared to that of a sample derived from the cancerous
tissue of the subject or tissue suspected of being cancerous of the subject.

[00177] In addition to the exemplary program structures and computer systems
described herein, other, alternative program structures and computer systems will be readily
apparent to the skilled artisan. Such alternative systems, which do not depart from the above
described computer system and programs structures either in spirit or in scope, are therefore
intended to be comprehended within the accompanying claims.

[00178] Methods of Treating Thymic Cancers

[00179] The biomarkers, kits and detection, diagnosing and prognosing methods
described above can be used to assist in selecting appropriate treatment regimen and to identify
individuals that would benefit from more aggressive therapy.

[00180] As noted above, approaches to the treating thymic cancers include surgery,
immunotherapy, chemotherapy, radiation therapy, a combination of chemotherapy and
radiation therapy, or biological therapy. Chemotherapeutics that have been used in the

treatment of thymomas and thymic carcinomas include, but are not limited to, doxorubicin
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(Adriamycin), cisplatin, ifosfamide, and corticosteroids (prednisone). Often, these agents are
given in combination to increase their effectiveness. Combinations used to treat thymic cancer
include the combination of cisplatin, doxorubicin, etoposide and cyclophosphamide, as well as
the combination of cisplatin, doxorubicin, cyclophosphamide and vincristine.

[00181] The methods described above therefore find particular use in selecting
appropriate treatment for carly-stage thymic cancer patients. The majority of individuals
having thymic cancer diagnosed at an early-stage of the discase enjoy long-term survival
following surgery and/or radiation therapy without further adjuvant therapy. However, a
significant percentage of these individuals will suffer discase recurrence or death, leading to
clinical recommendations that some or all carly-stage thymic cancer patients should receive
adjuvant therapy (e.g., chemotherapy). The methods of the present invention can identify this
high-risk, poor prognosis population of individuals having early-stage thymic cancer and
thereby can be used to determine which ones would benefit from continued and/or more
aggressive therapy and close monitoring following treatment. For example, individuals having
carly-stage thymic cancer and assessed as having a poor prognosis by the methods disclosed
herein may be selected for more aggressive adjuvant therapy, such as chemotherapy, following
surgery and/or radiation treatment. In particular embodiments, the methods of the present
invention may be used in conjunction with standard procedures and trecatments to permit

physicians to make more informed thymic cancer treatment decisions.

EXAMPLES
[00182] The invention will be more fully understood upon consideration of the
following non-limiting examples, which are offered for purposes of illustration, not limitation.
[00183] Example 1: Gene Expression Analysis of Frozen Thymomas.
[00184] Methods and Results: a DNA-Mediated Annealing, Selection and Ligation
("DASL"™) Microarray Platform (Illumina; San Diego, CA) was used. RNA was extracted

from 36 fresh frozen thymomas and individualed to gene profiling for the analysis of 24,000
gene probes. Clinical treatment and follow-up and pathology data was available on the
individuals from which the samples were obtained.

[00185] Approximately 8,000 genes were expressed at background levels and a number

of genes were associated with the presence of advanced stage discase at diagnosis, recurrence
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or metastasis (FIG. 1). Importantly, histologic classification was a poor predictor of clinical
behavior of tumors in this serics. As shown in Tables 4 and 5, the top differentially expressed

genes were identified in metastatic cases and in early stage phenotypes.
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[00186] Table 4: Top Differentially Expressed Genes in MET _YES vs. MET NO

Phenotypes.

Gene

COL11Al
DACT3
SLC9A2
PRRX1

PDGFRL
SCUBE2
MAB21L2
FCGBP
MAOA
CTGF
MET
NEBL
GPR98
GLDN
IGSF11
PCDHI19
Cé6orfl118
GOLSYN
BCMO1
PTN
LAMP2
LRRC17
DDX60
GEM
FRMD6
KGFLP1
C9o0rf93
NGB
AKRI1B10
JPH1
STC1
STC2
SLC7A1l
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[00187] Table 5: Top Differentially Expressed Genes in Early Stage (I/IT) vs. Late Stage
(III/TV) Phenotypes.

Gene

JPH1
ALDHIA3
SPOCKI1
NGB
STC1
STC2
AKRI1B10
ENPEP
GOLSYN
RPL39
LAMP2
ABHD?7
RBPMS2
C9o0rf93
SESN3
MRRF
NEBL
PRRX1
Cl4orf39
LEPR
DTNA
LCA5S
RSPO3
IGF2BP2
GPR98
TIAM?2
SLC9A2
MAB21L2
SCUBE2
DACT3
COL11Al
SLC7A1l

[00188] The top ten significant biological functions (FIG. 2A) and canonical pathways
(FIG. 2B) for metastatic cases and carly stage phenotypes were grouped based on the P values
using a Right-Tailed Fisher exact test with a threshold of less than 0.05. See also, Tables 6 and
7.
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[00189] Table 6: Top "Biological Function" Enrichment Using IPA in Metastasis YES
vs. NO.
# of
Category Function Function Annotation  p-value Molecules
Cancer cancer cancer 4.29E-05 29
Cancer tumor tumor 6.20E-04 20
Cancer metastasis metastasis of tumor 1.41E-03 2
Cancer metastasis metastasis of 4.35E-03 1
N ___carcinoma cell lines - - L
Cancer metastasis metastasis 4.35E-03 6
Cancer transformation transformation of 4.35E-03 1
N _____carcinoma cells L L o o
Cancer malignant tumor malignant tumor 5.69E-03 15
Cancer tumorigenesis  tumorigenesis of cells  5.81E-03 3
Cancer leiomyoma leiomyoma 7.78E-03
Cancer invasion invasion of 8.68E-03 1
N ___extracellular matrix - - L
Cancer carcinoma carcinoma 1.96E-02 12
Cancer breast cancer breast cancer 2.69E-02 9
Cellular cell movement cell movement of 2.58E-02 1
Movement squamous cell
~_carcinoma cell lines - B
Cellular cell movement cell movement of 441E-02 3
Movement - ____tumor cell lines - . B B
Cellular migration migration of tumor 1.31E-02 2
Movement N n cells n _
Lipid metabolism metabolism of 8.54E-04 3
Metabolism L ___phosphatidic acid )
Lipid metabolism metabolism of 8.16E-03 3
Metabolism ~ terpenoid )
Organismal angiogenesis angiogenesis 1.67E-03 4
Development
Organismal angiogenesis angiogenesis of blood  1.94E-03 3
Development vessel
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[00190] Table 7. Top "Biological Function" Enrichment Using IPA in Stage I/II vs
11V,
Category Function Function Annotation p-value
Cellular proliferation proliferation of 1.31E-02
Growth and cancer cells
Proliferation L ) L . .
Cellular proliferation proliferation of 3.43E-02
Growth and multilincage
Proliferation progenitor cells
Cellular proliferation proliferation of cell ~ 4.09E-02
Growth and lines
Proliferation L . L . .
Cancer tumorigenesis tumorigenesis 7.56E-04
Cancer tumor tumor 1.67E-03
Cancer malignant tumor malignant tumor 2.18E-03
Cancer breast cancer breast cancer 1.00E-02
Cancer carcinoma carcinoma 1.96E-02
Cancer infection infection of leukemia  4.68E-02
~ cell lines S
Cell morphogenesis morphogenesis of 9.98E-04
Morphology o endothelial cells o
Cell tubulation tubulation of 2.16E-02
Morphology microvascular
- _endothelial cells o
Cellular morphogenesis morphogenesis of 9.98E-04
Development o endothelial cells o
Cellular growth growth of epidermal  2.72E-03
Development o cells R
Cellular differentiation differentiation of 8.68E-03
Development epithelial cell lines
Cellular differentiation differentiation of 9.14E-03
Development connective tissue
L . cells . L
Cellular differentiation differentiation of cells  1.07E-02
Development B

Cell Cycle  cell division process cell division process  1.41E-03
of endothelial cells
Cell Cycle  cell division process cell division process  1.71E-02
of normal cells . L
Cell Cycle cell stage cell stage of normal  4.56E-03
cells
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Cell Cycle S phase entry into S phase of  8.68E-03
Kaposi's sarcoma
B - cells o -
Cell Death apoptosis apoptosis of normal 1.85E-02
L L cells L .
Cell Death apoptosis apoptosis of 2.55E-02
) _endothelial cells L
Cell Death lysis lysis of lymphoma 1.73E-02
L L cell lines L .
Cellular invasion invasion of 8.68E-03
Movement microvascular
. _endothelial cells L
Cellular invasion invasion of 3.85E-02
Movement o __endothelial cell lines o
Cellular migration migration of 1.28E-02
Movement _endothelial cells .
Cellular migration migration of 3.43E-02
Movement lymphatic endothelial
f— f— cells a——— f— a———
Cellular migration migration of 3.85E-02
Movement mesangial cells
[00191] PAM showed that a set of ten genes could be used to predict absence of

metastasis with an error rate of 4% (FIG. 3). Similarly, a set of nine genes could be used to
predict early stage discase (Stage I-1I) with an error rate of approximately 10% (FIG. 4). See
also, Table 8. This data indicates that individuals identified as good prognosis are very

unlikely to develop adverse events and can be spared from toxic chemo-radiation.
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[00192] Table 8: Genes for the Validation of the Lack of Metastasis or Early Stage

Phenotype.
Gene Symbol Assay ID Amplicon Gene
Length
DACT3 Hs00376817 gl 85 Target
JPHI Hs00976073 ml 73 Target
AKRI1B10 Hs00252524 m1 95 Target
COL11A1 Hs01097664 m1 56 Target
SLLC9A2 Hs00268166_m1 81 Target
PDGFRL Hs00185122 m1 69 Target
FCGBP Hs00175398 ml 73 Target
PRRX1 Hs00246567 m1 67 Target
SERPINF1 Hs01106937 ml 84 Target
NGB Hs00222034 m1 75 Target
SCUBE2 Hs00221277 ml 64 Target
MAB21L2 Hs00740710_s1 93 Target
LEPR Hs00900242 m1 76 Target
LCA5S Hs01099550 m1 66 Target
GPR98 Hs01022907 m1 62 Target
RSPO3 Hs01072567 ml 77 Target
STC1 Hs00174970 ml 81 Target
STC2 Hs00175027 ml 72 Target
SLC7A1l Hs00921938 ml 57 Target
IPOS Hs00183533 ml 71 Reference
TFRC Hs00951083 ml 66 Reference
UBC Hs00824723 ml 71 Reference
PGK1 Hs99999906 ml 75 Reference
GAPDH control in the array Reference

[00193] Additionally, relative mRNA expression was analyzed for JPH1, AKRI1BI10,
STC1 and COL11A1 in relation to metastasis. Delta cycle threshold (CT) values (FIG. 5A)
and average fold change (FIG. 5B) were calculated in metastasis YES phenotype and compared
with metastasis NO phenotype using DataAssist Software (Applied Biosystems; Foster City,
CA). Data is normalized to the geometric mean of the reference genes IPO8 and TFRC.
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[00194] Example 2: Stanniocalcins ("STCs") are Overexpressed in Metastatic

Thymomas.
[00195] Methods and Results: mRNA expression profiling was performed on 36 fresh

frozen thymomas from individuals operated upon at the IUSCC using Illumina® platform
[Whole Genome DASL (cDNA-mediated annealing, selection, extension and ligation) Assay]
and correlated with clinical outcomes including presence of recurrences and metastases.
[00196] Based on the Analysis of Variance (ANOVA), STC1 and STC2 were selected
showing significantly elevated mRNA levels in metastasis-associated samples compared to
non-metastatic samples (p<0.05).

[00197] Importantly, upregulation of STC1 and STC2 was observed in metastatic cases
(relative to non-metastatic cases) using quantitative real-time RT-PCR (qRT-PCR) in a small
series of cases (n=5 for MET-NO; and n=4 for MET-YES group).

[00198] All of the patents, patent applications, patent application publications and other

publications recited herein are hereby incorporated by reference as if set forth in their entirety.

[00199] Example 3: A Prognostic GEP Signature to Determine Metastatic Risk
Associated with Thymomas

[00200] The following methods were used to generate the results described below:
[00201] a. Patients

[00202] All patients were seen at Indiana University Melvin and Bren Simon Cancer

Center (IUSCC) for management of thymoma. Of the over 600 cases of thymic tumors seen at
IUSCC, 137 cases of thymomas with archival blocks were available for analysis. The
histology was reviewed by a single pathologist (SB) using the WHO criteria; cases with
multiple histological subtypes were scored on the basis of the predominant subtype. Cases
with sufficient tissue (n=125) were sclected for gene expression analysis. Clinical data on all
these patients was obtained by chart review or contacting the offices of the primary care
physician. Studies were approved by the Institutional Review Board of Indiana University.
Demographic and clinical characteristics including the follow-up information of the patients
were acquired by review of the medical charts and contacting physician offices. Table 9 shows
the demographics of the training and validation sample sets for the variables of age, gender,

Masaoka stage, WHO classification, and presence of autoimmune disease. Selection of
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training set samples was primarily based upon shortest time to metastasis (average time to
metastasis = 1.1yrs) and longest follow up (>5yrs, average follow up = 10.4 yrs) for those
samples that did not experience a metastatic event. In the validation set, 37 patients were stage
I/IT and 37 were stage III/IV. Using the WHO classification schema, 1 and 8 were classified as
type A; 8 and 18 as type AB, 5 and 17 as type BI1, 11 and 26 as type B2 and 11 and 6 as type
B3. None of the patients had received neoadjuvant chemotherapy. The 50 patients had been

treated by surgery only, while the others received chemo- or radiation therapy as a part of their

therapy.
[00203] Table 9: Baseline Demographics of Training Set and Independent Validation
Set.
hdetastatic Group Mon-Metastatic Groug
Training Yalidation Training Validation
{n=21} {n=31} {n=15} {n =44}

fdadian PFS /
Followup frange} 1.09{0-13.0) 2.53{0-11.2} 104{5.4-18.12.82{0.1-13.8

Median Age frange}  46{34-85)  43{27-68)  48{3162)  S7{15-79)

Gender

kdale & {29%} 17 {55%} S{33%) 16{36%)
Female 15 {71%} 14 {45%} 10 {67%) 28{54%)
piasacka Stage
1 2 {10%} & {15%} 10 {67%:} 15{36%:}
Il 3{14%} 3 {10%} S {33%) 13 {30%}
m 5 {24%} 13 {42%} o {o%! 14{32%}
1 11 {S2%;} 10 {32%} Q{0%} {05}
WHG Classfication
A 1{5%} 0 {o%) o{0%} 8{18%)
AB 3{14%} 3 {10%} S {33%} 15{34%}
B1 1 {59} 10{32%} 4{27%)} 7{15%)
B2 8 {38%) 14 {45%} 3 {20%} 12 {27%}
B3 8 (38X} 4 {23%} 3 {20%} 2 {4.5%:)
Autaimmune Dissass
Yes 12 {57%:} 9 {29%} & {40%} 14{32%}
Monot stated % {43%} 22 (7%} < {50%:} 30 {58%:;

[00204] b. Sample Preparation

[00205] Paraffin embedded blocks with tumor cells occupying less than 75 percent of
the section area were excluded from the study. In all but 3 cases included in the study, the
blocks were entirely composed of tumor and no further dissection was required. In these 3

cases, tumor was macrodissected from the adherent lung tissue. RNA was extracted from five

-58 -



WO 2012/178058 PCT/US2012/043814

10-um thick sections in a CAP-accredited CLIA certified laboratory using the Ambion
RecoverAll Total Nucleic Acid Isolation Kit for FFPE (Life Technologies, Grand Island, NY).
[00206] Tissue processing and RNA isolation: 5 x 10-um thick FFPE sections obtained
from primary thymoma tumors were macrodissected and collected into a single 1.5ml
microcentrifuge tube. Tissue was deparaffinized and processed according to the Ambion
RecoverAll Total Nucleic Acid Isolation Kit (Life Technologies, NJ) protocol. Following
nucleic acid isolation, protein degradation, and RNA isolation procedures described in the
RecoverAll Kit, RNA was cluted from the filter cartridge with 601 of nuclease-free water.
[00207] cDNA generation and RT-PCR analysis: All nucleic acid quantitation and
evaluation steps were performed using the Nanodrop 1000 spectrophotometer according to the
manufacturer’s instructions. Conversion of 11g of RNA to cDNA was carried out in a 201
reaction using the Applied Biosystems HiCapacity cDNA Reverse Transcription Kit (Life
Technologies, NJ). Following cDNA synthesis a 14-cycle pre-amplification step was
performed in a 96-well plate for all samples using pooled TagMan assays from the 23 genes
(19 discriminant and 4 control). Pre-amplification reactions were removed to 1.5ml centrifuge
tubes and diluted 1:20 (final volume = Iml) with 1X TE buffer.

[00208] TaqMan analysis was performed in duplicate using custom array high
throughput microfluidics plates containing the 23 thymoma-specific genes. 50l of the pre-
amplified sample was diluted 1:2 using Applied Biosystems TagMan 2X Gene Expression
Master Mix and loaded into the fill port of the custom array plate. RT-PCR was carried out in
an Applied Biosystems 7900HT Fast Real-Time PCR System.

[00209] C. Assay Methods, Gene Selection and Calculation of 19-Gene Expression
Signature Class 1 and Class 2

[00210] All assays were performed under CAP accredited/CLIA certified standard
operating procedures (SOP) at Castle Biosciences using FFPE primary thymoma tumors for 19
discriminant genes and 4 control genes. Briefly, 19 target genes (PDGFRL, FCGBP, PRRXI,
SERPINF1, NGB, SCUBE2, MAB2IL2, LEPR, LCA5, GPR98, RSPO3, STCI, STC2,
SLC7411, DACT3, JPHI, AKRIBI10, COL11A1, and SLC942) and four reference genes (/POS,
TFRC, UBC and PGKI) were assessed in both training and test studies (Table 10). Reference
genes were determined using Human Endogenous Control Array (Applied Biosystems) and

GeNorm software (Table 10). The optimized molecular model determines A C; values for each
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of the nineteen genes of interest. The A C; values are imported into a radial basis machine
(RBM) learning algorithm, which analyzes their combined expression profile. RBM is a kernel
based algorithm that calculates a predicted classification that describes how comparable the
gene expression profile of the patient tissue sample is to the gene expression profiles contained
in the training set. It weighs all genes equally to develop the classifier. The predicted

classification is reported as Class 1 for low risk of metastasis and Class 2 for high risk of

metastasis.

[00211] Table 10: Gene-Expression Signature.

Ammi‘con tength Gene
25

=l

#genes : Targe t Ge nes ;issa?f I iABiiz Ref;Seq{ﬂ iVExon B-Uundaw Eﬂef_Seql .Arlssayrlmﬁcrm
& DBALTI HaDD37R&L7 gt i AR2058 2 : 3
e
AXRIBLIO
LAY

HERGETE

BT XA

5 ' SECOAZ
& PRGERL
7 FCGBRP
a PRAXE

SERPINEL

12 ; RYARZEL2

ZElS
31 TFRL, LRIZ 5353 Retarance
o 1955
3z : uBC 154 71
23 : PER HzI3955908_mi S2E Fi=1
TABE Applied Blesystems Bfe Teehnolagies. - e,
[00212] Table 10A: Representative Amplicons for the Biomarkers of Table 10°
Target Genes
DACT3 (NM_145056.2)
Between bases 330-500

330 c tgeetggtet cgtetgggac ctgggacage

361 agctgggaga cctgagectg gagtetgggg gectggaaca ggagagegey cotapctegy
421 gettetatga agatcccage tetacaggag gtccagatte accaccctea accttetgtg
481 gggacagtgg cttctctgga
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JPH1 (NM_020647.2)

Between bases 1229-1375
1229 gc cgetegecag gagtgegaca tcgegagage
1261 tgtggccagg gagetgtecac ctgatttcta ccaaccagge cetgattace tcaaacagag
1321 atttcaggaa ggtgtagatg ctaaagaaaa tccagaagaa aaggtaccag aaaag

AKR1B10 (NM_020299.4)

Between bases 576-766
576 agacc ccttgtgagg aaagcctttg
601 agaagaccct caaggacctg aagctgagct atctggacgt ctatcttatt cactggecac
661 agggattcaa gictggggat gaccttttcc ccaaagatga taaaggtaat gecatcggtg
721 gaaaagcaac gttcttggat gectgggagg ccatggagga getggt

COL11A1 (NM_001190709.1)
Between bases 3907-4019
3907 gatg gaccacaagg acccccaggg tetgttggtt cagttggtgg tgttggagaa

3961 aagggteaac ctggagaage agggaaccca gggectectg gggaageagg tgtaggegg

SLCI9A2 (NM_003048.3)

Between bases 352-514
352 gtttacgct
361 ggattaccce cacgtgcaga tceecttcga gatcaccctt tggatectge tggecteect
421 ggccaagatt ggettccate fgtatcacaa gttgeccaca atagtgectg agagetgect
481 tcttataatg gttggacttc tactaggtgg gatt

PDGFRL (NM_006207.2)

Between bases 1176- 1314
1176 tttac tgcagggegg aggecggegg
1201 cagatctcag atctccgtca agtaccaget getetacgte geggttecca gtggecctee
1261 ctcaacaacc atcttggctt cttcaaacaa agtgaaaagt gggg

FCGBP (NM_003890.2)

Between bases 3334-3480
3334 ctggccac ctatgetget geatgecagg
3361 ctgctggage cacagtgeac cectggagga gtgaagaact ttoceccactg agetgeccac
3421 cccacagceca ctatgaggeg tgttcctacg getgeccget gtectgtgga gaccteccag

PRXX1 (NM_006902.3)

Between bases 223-357
223 aggctggce cggagectge
241 tggagtcgce gggactecace ageggeageg acacceegca geaggacaat gaccageten
301 actcagaaga aaaaaagaag agaaagcagc gaaggaatag gacaaccttc aatagca

SERPINF1 (NM_002615.5)
Between bases 858-1026
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858 atg aagagaggac cgtgagggte cccatgatgt cggaccctaa

901 ggctgtttta cgctatggcet tggattcaga tetcagetge aagattgece agctgecctt
961 gaccggaagc atgagtatca tcttettcet gececctgaaa gtgacccaga atttgacctt
1021 gataga

NGB (NM_021257.3)

Between bases 620-770
620 t gtcctcactg gaggagtacce ttgccagect gggcaggaag
661 caccgggcag tgggtgtgaa getcagetee tictegacag tggetgagtce tetgetetac
721 atgctggaga agtgtetggg cectgectte acaccageca cacgggcetge

SCUBE2 (NM_001170690.1)

Between bases 534- 662
534 ctgcaag
541 gaggggtttt tcctgagtga caatcageac acctgcattc accgetegga agagggcectg
601 agctgcatga ataaggatca cggcetgtagt cacatctgea aggaggeccc aaggggeage
661 gt

MAB21L (NM_006439.4)

Between 2265-2451
2265 tctgga cacaaacttt
2281 tatgtaagtc acctgaaata ggaatccgge agaagacctt cattaattaa gaagcaaaca
2341 aaaagagagc aacccaacca aaacaaatca cattcttgea caaaagtgat cgttttette
2401 caaacaatgt gaatttaaaa ggtcacacaa aagaagcaat cgggctcege ¢

LEPR (NM_001003679.3)

Between bases 2593-2745
2593 ccattgag aagtaccagt tcagtcttta cccaatattt atggaaggag
2641 tgggaaaacc aaagataatt aatagtttca ctcaagatga tattgaaaaa caccagagtg
2701 atgcaggttt atatgtaatt gtgccagtaa ttatttcctc ttcca

LCAS (NM_001122769.2)

Between bases 1492-1624
1492 tttaactcc
1501 agaaacaatt atgtgttacg aaaacaaatg ggaagaacca ggacatctta ctttggactt
1561 geaatctcaa aagcaagaca ggcatggaga agcagggatt ctaaacccaa ttatggaaag
1621 agaa

GPR98 (NM_032119.3)

Between bases 6979-7103
6979 gc ccctggggaa accattcaaa cettgttgtt agaggtectg
7021 getgacgacg ttecggagat tgaagagott atccaagtge aactaactga tgectetggt
7081 ggaggtacta ttgggttaga tcg

RSPO3 (NM_032784.3)
Between bases 311-465
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311 ttggcttttt atcattttga actttatgga atacatcgge agccaaaacg
361 cctecegggg aaggegecag cgaagaatge atcctaacgt tagtcaagge tgccaaggag
421 gctgtgcaac atgctcagat tacaatggat gtttgtcatg taage

STC1 (NM_003155.2)

Between bases 323-485
323 cagtgctt ctgcaaccca tgaggeggag cagaatgact
361 ctgtgagcce caggaaatce cgagtggegg ctcaaaacte agetgaagte gttegttece
421 tcaacagtge tctacaggtc ggetgegggg cttttgeatg cctggaaaac tecacctgtg
481 acaca

STC2 (NM_003714.2)

Between bases 1536-1680
1536 tgtga gattcggggc ttacatggga
1561 tttgcatgac ttttctgcac aacgetggaa aatttgatge cecagggcaag teattcatca
1621 aagacgcctt gaaatgtaag geccacgete tgeggeacag gtteggetge ataagecgga

SLC7A11 (NM_014331.3)

Between bases 1137-1251
1137 tgge
1141 ctactttacg accattaatg ctgaggagct getgctttca aatgeagtgg cagtgacctt
1201 ttetgagegg ctactgggaa atttctcatt agcagttceg atetttgttg ¢

Reference Genes

IPO8 (NM_001190995.1)

Between bases 1906-2048
1906 agatg cagagtgtca
1921 tgcagctaaa cttctggaag tcatcattct tcagtgcaaa ggaaggggaa ttgatcagte
1981 cattecacte ttcgttcaac ttgttttgga gagattaact cgaggggtca aaactagtga
2041 gcttegta

TFRC (NM_001128148.1)

Between bases 1752-1884
1752 tagacaatg ctgctttcce tttcettgea tattctggaa tcccageagt
1801 ttetttctgt ttttgcgage acacagatta tecttatttg ggtaccacca tggacaccta
1861 taaggaactg attgagagga ttcc

UBC (NM_021009.5)

Between bases 383-525
383 ggcacagce tagttccgtc gcagecggga tttgggtege
421 agttcttgtt tgtggatcge tgtgategtc acttsacaat geagatettc gtgaagacte
481 tgactggtaa gaccatcacc ctcgaggttg ageccagtga cacca

PGK1 (NM_000291.3)

Between bases 523-673
523 cctgetgg agaaccteeg
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541 ctttcatgtg gaggaagaag ggaagggaaa agatgcttct gggaacaagy ttanageega
601 gccagccaaa atagaagctt tccgagcette actttccaag ctaggggatg tetatgtcaa
661 tgatgctttt ggc

* The sequences represent embodiments of amplified areas of the biomarker gene and
preferred locations of probe/primers are highlighted. Probes can be, for example, 13-18
base pairs and an arca of 25 base pairs is highlighted.

[00213] d. Study Design and End Points

[00214] The gene expression signature was developed in a training set composed of
archival formalin-fixed paraffin-embedded tumor blocks of patients with thymomas. All steps
of the assay including the prognostic algorithm were fully developed, completely specified, and
technically validated in compliance with CLIA-laboratory guidelines before initiation of the
independent validation study.

[00215] The primary end point was to determine whether the 19 gene expression profile
can classify the patients into low or high risk metastasis group based on the 5 years or 10 years
metastasis free survival (MFS), mainly measuring its prognostic value. The secondary end
point was to evaluate its predictive power in comparison with traditional prognostic methods
such as the WHO histological type and Masoaka staging system, and determine whether it
strengthens the prediction of the likelihood of metastasis in combination with the
clinicopathological parameters.

[00216] c. Statistical Analysis

[00217] Using a training set, multiple nonlinear predictive modeling methods were
performed to assess the prognostic ability of the GEP assay. In addition to RBM, partition tree
analysis, K-nearest neighbor analysis, and distance scoring analysis were performed using the
SAS-based JMP Genomics software. The area under the receiver operator characteristic curve
(ROC) was calculated for cach analysis to assess the predictive probabilities of ecach method.
Metastasis-free survival (MFS) was assessed by Kaplan-Meier analysis using JMP Genomics.
Probabilitiecs were calculated according to the Log-Rank method. Cox univariate and
multivariate regression analyses were performed using WinSTAT software for the variables
age, gender, autoimmune disease, residual disease, stage (I/II vs. III/IV) and GEP. 95%

confidence interval (95% CI) ranges for hazard ratios were calculated using WinSTAT.
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[00218] Results:

[00219] a. Prognostic Impact of Stage and WHO Histological Type in the Training
and Validation Cohorts
[00220] In the training set sample cohort, Kaplan-Meier analysis was performed to

generate MFS curves. Ten-year MFS was 0% for stage III/IV and 80% for patients with stage
I/II disease (Figure 7A). WHO classification analysis was condensed to three groups: tumors
that predominantly follow a benign course (types A, AB, and B1), tumors that are thought to be
low-grade malignant (type B2) and tumors that can have an aggressive course (B3). Training
set 10-year MFS rates were 64%, 36% and 27% for groups A/AB/B1, B2, and B3, respectively
(Figure 7B).

[00221] RBM analysis of gene expression data in the training set cohort of samples
yielded a predictive model with an area under the receiver operating characteristic (ROC)
curve of 0.89, reflecting a highly accurate model. In comparison to Masaoka staging and
WHO classification, GEP exhibited 5- and 10-year MFS rates of 85% for predicted Class 1,
and 22% for high risk Class 2 samples (Figure 7C, p=0.0005).

[00222] The independent validation set consisted of 75 cases. Kaplan-Meier curves
were generated after grouping samples according to Masoaka stage and censoring on metastatic
event. The 5- and 10-year MFS rates were 41% and 20% for Stage 11T and IV samples,
respectively. The 5-year MFS rate was 53% for Stage 1&II samples, while 10-year rate was
not reached (Figure 7D). For the three WHO groups analyzed, 5- and 10-yecar MFS rates were
59% and 25%, 36% and 0%, and 28% and 28% for groups A/AB/B1, B2, and B3, respectively
(Figure 7E).

[00223] The GEP identified 26 patients as Class 1 and 49 patients as Class 2, and had a
sensitivity of 94%. Kaplan-Meier analysis revealed a highly significant difference in MFS
between the two classes. 5-year survival was 93% for Class 1, while 10-year MFS was not
reached in the cohort (Figure 7F). Conversely, 5- and 10-year MFS for Class 2 samples was
35% and 16%, respectively (p=0.0018).

[00224] b. Accuracy of Predictive Models in the Low- and High-Risk Groups
[00225] Measure of the area under the ROC curve reflects the efficiency of the model
(or training set expression signature) for predicting metastasis, and a perfect model would have

an ROC of 1. In the current study the 19-gene signature provided a high degree of model
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accuracy when used to predict the training set and validation set sample class (low risk or high
risk class). The 36 sample training set had an ROC of 0.89 using the RBM method, while the
75-sample cohort had an ROC of 0.85. By definition, prognosis for both cohorts would be
highly useful clinically. By comparison, metastasis prediction models based on Masaoka stage
had ROC values of 0.88 and 0.71 for the training and validation cohorts, respectively.

[00226] Overall prognostic accuracy for prediction of metastasis in the validation cohort
was a comparable 74% and 70% for the objective GEP assay and the Masaoka staging system,
respectively. However, the accuracy of metastasis prediction, observed as the sensitivity, was
94% using the GEP method and only 74% by Masaoka stage. This discrepancy is reflected in
the MFS rates described in the previous section, and results in positive predictive values of
59% and 61% using the GEP and stage prognostic methods, respectively. Conversely, the
negative predictive values using GEP is 92%, and 78% using histologic stage.

[00227] C. Univariate and Multivariate Cox Regression Analysis of Clinical Factors
in Relation to the Prediction of Metastasis

[00228] Cox proportional hazards regression analysis was performed to determine the
power of the 19-gene signature with regards to other clinico-pathological parameters. In
univariate Cox analysis, GEP was a strong prognostic factor with a hazard ratio of 10.17 (95%
CI =1.38-75.04;p value=0.023). Stage I/Il vs. Stage III/IV also was a strong, but insignificant
predictor of the likelihood for metastasis in the independent validation cohort, having a hazard
ratio of 2.25 (95% CI = 0.985-5.14; p-value=0.054). Age at diagnosis, gender, autoimmune
disease, and presence or absence of residual disease after surgery, were not significantly
associated with the likelihood of metastasis and were not included in multivariate analysis.
WHO classification was also a factor unassociated with metastatic risk prognosis, but was
included in the multivariate comparison because of its clinical relevance. Thus, multivariate
analysis of stage and GEP demonstrated that the 19 gene signature is an independent predictor
of metastasis risk. The hazard ratio for GEP determination of risk was 8.66 (95% CI = 1.14-
65.59; p value = 0.036), whereas tumor stage and WHO type, either used singly or in
combination, did not significantly contribute to the prediction of metastasis risk, having hazard
ratios of 1.54 (95% CI = 0.662-3.59, p-value = 0.316) and 1.29 (95% CI1=10.794-2.11, p-value

=0.302), respectively. These results are summarized in Table 11.
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[00229] Table 11: Summary of MFS Analysis in the Independent 75-Sample Validation

Set.
Cox univariate snalysis Cox msitivariate snatysis  Kaplan-Meier
HR {p-value) HR {p-valug) p-value

GE® Clsss 2 10.2 {D.023} 7.576 {0.048) 0.0018
Stage LTV 2.25 (0.054) 1.54 (0.316} 0.0702
WEO malignant clsss §.60 (0.056) 1.39 {0.302) 0.0325
Age >50 vears 0.49 {0.068) - ——-
Gender 0.69 (0.3125)
Amloimmune disease L.17 {0300} — ——
Performance status - RD 2.16 {0.09%) — ———
[00230] C. Molecular Signature is Independent of the Model Used and Prognostic

Accuracy is Achieved with Multiple Predictive Modeling Methods

[00231] Other nonlinear predictive modeling methods, such as Partition Tree Analysis,
K-Nearest Neighbor, and Distance Scoring, were applied to determine the accuracy of
modeling algorithms for predicting metastasis in the independent75-sample thymoma
validation set. As shown in Table 12, scores for the area under the ROC curves greater than
0.8 were achieved using each of the algorithms. These results indicate that each of the models
is accurate and useful for predicting the metastatic risk associated with thymomas. The 19
marker set assay was chosen to be developed using the RBM algorithm because that method
provided the highest sensitivity.

[00232] Table 12: Accuracy of Non-Linear Modeling Algorithms for Predicting
Metastatic Risk in a 75-Sample Thymoma Validation Set.

K-M P-waluc
Pradictive Model ROC Sensitivity {T.oe-Rank)
Radial Basis Machine (.33 .04 Q.0018
K-Nearest Neighbor (.85 (.81 (.0023
Partition Tree (.83 (.81 0.0007
Distance Scoring (.82 (.84 0.0061
[00233] d. Summary
[00234] Accordingly, a gene expression signature was developed and validated, and its

prognostic value was compared against other clinicopathological parameters. Age at diagnosis,

-67 -



WO 2012/178058 PCT/US2012/043814

gender, autoimmune discase and histologic subtype (WHO) were not significant predictors.
Stage was the only variable other than GEP that approached significance in univariate analysis.
Multi-variate analyses confirm that the 19-gene signature was an independent predictor of
metastasis free survival and superior to Masoaka staging system. Thus, the GEP assay is the
first known prognostic molecular marker that can accurately determine the risk of metastasis
associated with thymomas.

[00235] Overexpression of 6 genes (AKRIBI10, STC1, STC2, JPHI, NGB, SLC7A411),
and down-regulation of 13 genes (DACT3, COL11A41, SLCY942, PDGFRL, FCGBP, PRRX],
SERPINF1, SCUBE2, MAB21L2, LEPR, LCAS5, GPR98 and RSOP3) was noted in patients
with high risk. The up-regulated genes have been previously associated with invasion and
metastasis or chemo-resistance in multiple cancers. Stanniocalcins particularly, STC2, can
induce epithelial to mesenchymal transformation (EMT) and are associated with invasion (Law
and Wong (2010) Exp. Cell. Res. 316:3425-3434; Volland et al. (2009) J. Intl. Du. Cancer
125:2049-2057) and reduced overall survival rate in neuroblastoma, colon and gastric cancer
(Volland et al. (2009) J. Intl. Du. Cancer 125:2049-2057; Ieta et al. (2009) J. Intl. Du. Cancer
125:926-931; Yokobori et al. (2010) Annal. Surg. Oncol. 17:2601-2607) and tumor dormancy
in breast cancer (Joensuu et al. (2008) Canc. Lett. 265:76-83). Aldo-keto reductase 1B10
(AKR1B10) is linked to chemoresistance to drugs such as doxorubicin and daunorubicin (ref).
JPHI up-regulation is seen in neuroblastoma patients with poor-outcomes (Wei et al. (2004)
Canc. Res. 64:6883-6891). Solute carrier family 7, member 11 (SLC7A411) plays an important
role in tumor growth, invasion and tumor metastasis (Kondo et al. (2001) J. Surg. Oncol.
76:169-175; Takahashi et al. (2003) Hum. Pathol. 34:1253-1258; Sogawa et al. (2003) Cancer
98:1822-1829; Sasaki et al. (2003) Cancer Sci. 94:809-813; Tateyama et al. (2011) Hum.
Pathol. 42:533-540; Sasaki et al. (2002) J. Intl. Du. Cancer 101:342-347). It has also been
implicated in resistance to Cisplatin, commonly used to treat thymic neoplasms.

[00236] The genes described herein are novel in the context of thymomas but based on
the knowledge in other cancers might serve as potential therapeutic candidates. In this context,
the first thymoma cell line (IU-TAB-1) derived from a patient with stage Il thymoma, WHO
type AB has been established (Gokmen-Polar ¢t al, Laboratory Investigation in press). The
expression levels of STCI, STC2 and AKRIB10 in IU-TAB-1 cell line were, as expected, low.
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Further mechanistic studies including knock-in and knock-out approaches, are being
undertaken to assess the therapeutic potential of these genes.

[00237] The current retrospective study was based on multi-institutional samples with
patients receiving different surgical and post-surgical treatments. The surgical management
was provided at local centers in a large number of cases and assessment of extent of disease
and residual discase status is based on the assessment at these centers. In addition, the decision
to administer adjuvant chemotherapy and/ or radiation was made by local physicians. This can
be considered as a strength of the study as it permits generalization of the results to patients
with thymomas and enable personalized management based on their risk. Additionally,
prospective evaluation of the assay in a randomized clinical trial can be conducted.

[00238] These results have been further validated, as shown in Figure 7. In addition,
analysis of various gene combinations used to predict metastatic risk in thymoma tumors using
JMP Genomics radial basis machine (RBM) kernel-based learning algorithm has been
performed and validated (Figures 8A-8E). For each genetic signature results are shown for
both a 36-sample optimized training sct and a 75-sample validation set. Data include 1) mosaic
plots and contingency tables to illustrate the true and predicted number of metastatic and non-
metastatic samples; 2) Kaplan Meier curves to illustrate metastasis-free survival in cach sample
cohort; 3) the arca under the receiver operator characteristics (ROC) curves to indicate
accuracy of the model developed; 4) accuracy, sensitivity, and specificity of the predictions for
cach signature; 5) 5- and 10-year metastasis-free survival values based upon K-M analysis; and
6) p-values to reflect significance of difference between low risk and high risk curves from K-
M analysis.

[00239] The present invention has been described in connection with what are presently
considered to be the most practical and preferred embodiments. However, the invention has
been presented by way of illustration and is not intended to be limited to the disclosed
embodiments. Accordingly, one of skill in the art will realize that the invention is intended to
encompass all modifications and alternative arrangements within the spirit and scope of the

invention as set forth in the appended claims.
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What is claimed is:
1. A kit for detecting thymic cancer, the kit comprising a plurality of probes or a plurality
of oligonucleotide primer pairs, wherein a) each probe specifically binds to one distinct
biomarker, fragment or variant thereof or b) each oligonucleotide primer pair specifically
amplifies a distinct biomarker, fragment or variant thereof, wherein the biomarker, fragment or
variant thereof is selected from the group of biomarkers consisting of JPH1, ALDH1A3,
SPOCKI1, NGB, STCI1, STC 2, AKR1B10, ENPEP, GOLSYN, RPL39, LAMP2, ABHD7,
RBPMS2, C9orf93, SESN3, MRRF, NEBL, PRRXI1, Cl40rf39, LEPR, DTNA, LCAS5,
RSPO3, IGF2BP2, GPR9S, TIAM2, SLC9A2, MAB21L2, SCUBE2, DACT3, COLI11A1 and
SLC7A11; or

wherein a) each probe specifically binds to one distinct biomarker, fragment or variant
thereof or b) each oligonucleotide primer pair specifically amplifies a distinct biomarker,
fragment or variant thercof, wherein the biomarker, fragment or variant thereof is selected from
the group of biomarkers consisting of COL11A1, DACT3, SLC9A2, PRRX1, PDGFRL,
SCUBE2, MAB21L2, FCGBP, MAOA, CTGF, MET, NEBL, GPR98, GLDN, IGSF11,
PCDHI19, Céorfl18, GOLSYN, BCMO1, PTN, LAMP2, LRRC17, DDX60, GEM, FRMD®6,
KGFLP1, C90rf93, NGB, AKR1B10, JPH1 STCI1, STC2 and SLC7A11; or

wherein a) each probe specifically binds to one distinct biomarker, fragment or variant
thereof or b) each oligonucleotide primer pair specifically amplifies a distinct biomarker,
fragment or variant thercof, wherein the biomarker, fragment or variant thereof is selected from
the group of biomarkers consisting of DACT3, JPH1, AKR1B10, COL11A1, SLC9A2,
PDGFRL, FCGBP, PRRX1, SERPINF1, NGB, SCUBE2, MAB21L2, LEPR, LCAS, GPR9S,
RSPO3, STC1, STC2 and SLC7A11.

2. The kit of Claim 1, further comprising a control or reference sample, wherein the
sample includes a) at least one probe that binds specifically to one of IPOS, TFRC, UBC,
PGKI1 and GAPDH or b) at least one oligonucleotide primer pair that specifically amplifies one
of IPO8, TFRC, UBC, PGK1 and GAPDH.

3. The kit of Claim 1, where the probe is a nucleic acid probe or an antibody.
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4. A kit for diagnosing carly-stage thymic cancer, the kit comprising a plurality of probes
or a plurality of oligonucleotide primer pairs, wherein a) each probe specifically binds to one
distinct biomarker, fragment or variant thercof or b) each oligonucleotide primer pair
specifically amplifies a distinct biomarker, fragment or variant thereof, wherein the biomarker,
fragment or variant thereof is selected from the group of biomarkers consisting of JPHI,
ALDH1A3, SPOCK1, NGB, STCI, STC 2, AKR1B10, ENPEP, GOLSYN, RPL39, LAMP2,
ABHD7, RBPMS2, C90rf93, SESN3, MRRF, NEBL, PRRXI1, Cl4o0rf39, LEPR, DTNA,
LCAS5, RSPO3, IGF2BP2, GPR9S, TIAM2, SLC9A2, MAB21L2, SCUBE2, DACT3,
COL11A1 and SLC7A11.

5. The kit of Claim 4, further comprising a control or reference sample, wherein the
sample includes a) at least one probe that binds specifically to one of IPOS, TFRC, UBC,
PGK1 and GAPDH or b) at least one oligonucleotide primer pair that specifically amplifies one
of IPO8, TFRC, UBC, PGK1 and GAPDH.

6. The kit of Claim 4, where the probe is a nucleic acid probe or an antibody.

7. A kit for prognosing a thymic cancer, the kit comprising a plurality of probes or a
plurality of oligonucleotide primer pairs, wherein a) cach probe specifically binds to one
distinct biomarker, fragment or variant thercof or b) each oligonucleotide primer pair
specifically amplifies a distinct biomarker, fragment or variant thereof, wherein the biomarker,
fragment or variant thercof is selected from the group of biomarkers consisting of COL11A1,
DACT3, SLC9A2, PRRX1, PDGFRL, SCUBE2, MAB21L2, FCGBP, MAOA, CTGF, MET,
NEBL, GPR98, GLDN, IGSF11, PCDH19, Cé6orfl18, GOLSYN, BCMO1, PTN, LAMP2,
LRRC17, DDX60, GEM, FRMD6, KGFLP1, C9rf93, NGB, AKRIB10, JPHI STCI1, STC2
and SLC7AIL.

8. The kit of Claim 7, further comprising a control or reference sample, wherein the
sample includes a) at least one probe that binds specifically to one of IPO8, TFRC, UBC,
PGK1 and GAPDH or b) at least one oligonucleotide primer pair that specifically amplifies one
of IPO8, TFRC, UBC, PGK1 and GAPDH.

9. The kit of Claim 7, where the probe is a nucleic acid probe or an antibody.
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10. A method of detecting thymic cancer in a subject having or suspected of having thymic
cancer, the method comprising the steps of:
a) determining expression levels of nucleic acid transcripts or expression products
thereof of a plurality of biomarkers in a sample from the individual,
b) determining the level of expression of said transcripts or expression products thercof
in a control sample; and
¢) comparing the level of expression of said transcripts or expression products thereof
in the subject sample relative to the level of expression of said transcripts or expression
products thereof in the control sample,
wherein the biomarkers are selected from the group of biomarkers consisting of:
(i) JPH1, ALDHIA3, SPOCKI1, NGB, STC1, STC 2, AKR1B10, ENPEP,
GOLSYN, RPL39, LAMP2, ABHD7, RBPMS2, C9orf93, SESN3, MRRF, NEBL,
PRRX1, Cl4orf39, LEPR, DTNA, LCAS, RSPO3, IGF2BP2, GPRY9S, TIAM2,
SLCI9A2, MAB21L2, SCUBE2, DACT3, COL11Al and SLC7A11; or
(i)) COL11A1, DACT3, SLC9A2, PRRX1, PDGFRL, SCUBE2, MAB21L2,
FCGBP, MAOA, CTGF, MET, NEBL, GPR98, GLDN, IGSF11, PCDH19, C6orfl118,
GOLSYN, BCMOI1, PTN, LAMP2, LRRC17, DDX60, GEM, FRMD6, KGFLP1,
C90rf93, NGB, AKR1B10, JPH1 STC1, STC2 and SLC7A11; or
(iii) DACT3, JPHI, AKRIB10, COL11A1, SLC9A2, PDGFRL, FCGBP,
PRRX1, SERPINFI, NGB, SCUBE2, MAB21L2, LEPR, LCAS, GPR9§, RSPO3,
STC1, STC2 and SLC7A11; and
wherein a significant modulation in the level of expression of said transcripts or
expression products thercof in the subject sample relative to the level of expression of said
transcripts or expression products thercof in the control sample is an indication that the subject

is afflicted with thymic cancer.

1. The method of Claim 10, wherein expression levels of the plurality of biomarkers are
determined by a method sclected from the group of methods consisting of

immunohistochemistry, nucleic acid hybridization and quantitative RT-PCR.
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12. The method of Claim 10, wherein the sample is selected from the group of samples
consisting of a tumor sample, thymus tissue, histological slides, frozen core biopsies, paraffin

embedded tissues, formalin fixed tissues, biopsies, blood, urine and saliva.

13. A method of diagnosing carly stage thymic cancer in an individual having or suspected
of having thymic cancer, the method comprising the steps of:

determining expression levels of nucleic acid transcripts or expression products thereof
of a plurality of biomarkers in a sample from the individual, wherein the biomarkers are
selected from the group of biomarkers consisting of JPH1, ALDHI1A3, SPOCK1, NGB, STC1,
STC 2, AKRIB10, ENPEP, GOLSYN, RPL39, LAMP2, ABHD7, RBPMS2, C9orf93,
SESN3, MRRF, NEBL, PRRX1, Cl40rf39, LEPR, DTNA, LCAS, RSPO3, IGF2BP2, GPRIS,
TIAM2, SLC9A2, MAB21L2, SCUBE2, DACT3, COL11A1 and SLC7A11; and

comparing expression levels of the plurality of biomarkers to expression levels of at
least one control or reference,

wherein a significant modulation in the level of expression of said transcripts or
expression products thercof in the subject sample relative to the level of expression of said
transcripts or expression products thereof in the control sample is an indication that the subject

is afflicted with carly stage thymic cancer.

14. The method of Claim 13, wherein the biomarkers are DACT3, JPH1, AKRI1BI10,
COL11A1, SLC9A2, PDGFRL, FCGBP, PRRX1, SERPINF1, NGB, SCUBE2, MAB21L2,
LEPR, LCAS5, GPR98, RSPO3, STC1, STC2 and SLC7AL11.

15. The method of Claim 14, wherein overexpression of DACT3, COL11A1, SCUBE2,
MAB21L2, LEPR, LCAS5, GPR98 and RSPO3, in connection with reduced expression of
STC1, STC2, JPHI and SLC7AL11, indicates early stage thymic cancer.

16. The method of any of Claims 13-15, further including determining expression levels of
nucleic acid transcripts or expression products of IPO8, TFRC, UBC, PGK1 and GAPDH as

the control or reference.
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17. The method of Claim 14, wherein expression levels of the plurality of biomarkers are
determined by a method sclected from the group of methods consisting of

immunohistochemistry, nucleic acid hybridization and quantitative RT-PCR.

18. The method of Claim 14, wherein the sample is selected from the group of samples
consisting of a tumor sample, thymus tissue, histological slides, frozen core biopsies, paraffin

embedded tissues, formalin fixed tissues, biopsies, blood, urine and saliva.

19. A method of treating a subject having an carly-stage thymic cancer, the method
comprising the steps of:

determining whether the subject has early-stage thymic cancer according to the method
of claim 14; and

providing a therapeutic treatment suitable to treat the early stage thymic cancer.

20. The method of claim 10, wherein the therapeutic treatment is selected from the group
consisting of neoadjuvant chemotherapy, radiation therapy, or surgical thymus removal,

wherein the treatment does not include adjuvant therapy.

21. A method of prognosing an individual having a thymic cancer, the method comprising
the steps of:

determining expression levels of nucleic acid transcripts or expression products thercof
of a plurality of biomarkers in a sample from the individual, wherein the biomarkers are
selected from the group consisting of COL11A1, DACT3, SLC9A2, PRRX1, PDGFRL,
SCUBE2, MAB21L2, FCGBP, MAOA, CTGF, MET, NEBL, GPR98, GLDN, IGSF11,
PCDHI19, Cé6orfl18, GOLSYN, BCMO1, PTN, LAMP2, LRRC17, DDX60, GEM, FRMD®6,
KGFLP1, C9rf93, NGB, AKR1B10, JPH1 STCI1, STC2 and SLC7A11; and

comparing expression levels of the plurality of biomarkers to expression levels of at
least one control or reference,

wherein a significant modulation in the level of expression of said transcripts or
expression products thercof in the subject sample relative to the level of expression of said
transcripts or expression products thereof in the control sample is an indication that the subject

has a favorable prognosis.
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22. The method of Claim 20, wherein the biomarkers are DACT3, JPH1, AKRI1BI10,
COL11A1, SLC9A2, PDGFRL, FCGBP, PRRX1, SERPINF1, NGB, SCUBE2, MAB21L2,
LEPR, LCAS5, GPR98, RSPO3, STC1, STC2 and SLC7AL11.

23. The method of Claim 21, wherein overexpression of DACT3, COL11A1, SLC9A2,
PDGFRL, FCGBP, PRRX1 and SERPINFI, and reduced expression of JPHI, AKR1B10,
NGB, STC1, STC2 and SLC7A11, indicates a low likelihood of metastasis and good/favorable

prognosis.

24. The method of any of Claims 20-22, further including determining expression levels of
nucleic acid transcripts or expression products of IPO8, TFRC, UBC, PGK1 and GAPDH as

the control or reference.

25. The method of Claim 20, wherein expression levels of the plurality of biomarkers are
determined by a method sclected from the group of methods consisting of

immunohistochemistry, nucleic acid hybridization, and quantitative RT-PCR.

26. The method of Claim 20, wherein the sample is selected from the group of samples
consisting of a tumor sample, thymus tissue, histological slides, frozen core biopsies, paraffin

embedded tissues, formalin fixed tissues, biopsies, blood, urine and saliva.

27. A method of treating a subject having a favorable thymic cancer prognosis, the method
comprising the steps of:

determining whether the subject has a favorable thymic cancer prognosis according to
the method of claim 20; and

providing a therapeutic treatment suitable to treat the favorable prognosis form of

thymic cancer
28. The method of claim 27, wherein the therapeutic treatment is selected from the group

consisting of neoadjuvant chemotherapy, radiation therapy, or surgical thymus removal,

wherein the treatment does not include adjuvant therapy.
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Figure 7C
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Figure 8A
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Figure 8A (cont.)
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Figure 8B (cont.)
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Figure 8C
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Figure 8D

Analysis D - PDGFRL, FCGBP, PRRX1, NGB, DACT3, JPH1, AKR1B10, SERPINFI,
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Figure 8E

Analysis E - AKR1B10, PDGFRL, FCGBP, COL11A1, SERPINFI, JPH1, SLC9A2, DACT3
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Figure 8E (cont.)
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