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METHODS FOR CANCER DETECTION

CROSS REFERENCE
[0001] This Application claims the benefit of United States Provisional Application No.
62/425,549, filed November 22, 2016, which 1s incorporated herein by reference 1n its entirety.

BACKGROUND
[0002] Cancer 1s a prevalent disease affecting millions of people across the globe. In 2016, an
estimated 1,685,210 new cases of cancer will be diagnosed 1n the United States alone, and
595,690 people will die from the disease. By 2020, 18.2 million Americans, roughly 1 1n 19
people, will be cancer patients or cancer survivors, up from 11.7 million (1 1n 26) 1n 2005.
[0003] About 1 1n 8 women 1n the United States will develop invasive breast cancer over the
course of her lifetime. In 2012, breast cancer accounted for nearly 25% of all cancer diagnoses.
An estimated 252,710 new cases of invasive breast cancer and an estimated 63,410 new cases of
non-invasive breast cancer are expected to be diagnosed in women in the United States 1n 2017
About 2,470 new cases of invasive breast cancer are expected to be diagnosed 1n men 1n 2017.

Survival rates can be increased i1f cancer diagnosis occurs at an early stage.

INCORPORATION BY REFERENCE
[0004] All publications, patents, and patent applications herein are incorporated by reference to
the same extent as 1f each individual publication, patent, or patent application was specifically

and 1ndividually 1indicated to be incorporated by reference.

SUMMARY
[000S] It shall be understood that different aspects of the invention can be appreciated
individually, collectively, or in combination with each other. Various aspects of the invention
described herein may be applied to any of the particular applications or methods set forth below.
[0006] In an aspect, the present disclosure provides a method for determining a health state of a
subject. The method can comprise: a) providing a saliva sample from a subject; b) quantifying a
sample level of a biomarker from the saliva sample, wherein the biomarker 1s from an exosome
1n the saliva sample; ¢) comparing the sample level of the biomarker to a reference level of the
biomarker, wherein the reference level 1s obtained from a subject having breast cancer; and d)
determining a risk score of the subject for breast cancer based on the comparing. In some
embodiments, the method further comprises imaging a breast tissue of the subject. In some
embodiments, the imaging 1s performed using a mammogram. In some embodiments, the

method further comprises adjusting the risk score of the subject from step e based on the results
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from the mammogram. In some embodiments, the method further comprises lysing the exosome
to release the biomarker prior to step b). In some embodiments, the method further comprises
enriching an exosome fraction of the saliva sample prior to the lysing. In some embodiments, the
method further comprises stabilizing the exosome fraction following the enriching. In some
embodiments, the biomarker 1s a cell-free nucleic acid. In some embodiments, the cell-free
nucleic acid 1s RNA. In some embodiments, the RNA 1s mRNA or miRNA. In some
embodiments, the mRINA 1s a transcript of a gene selected from the group consisting of LCE2B,
HIST1H4K, ABCA1, ABCA2, TNFRSF10A, AK092120, DTYMK, ALKBHI1, MCART]I,
Hs.161434, and any combination thereof. In some embodiments, quantifying further comprises
reverse transcribing the RNA. In some embodiments, quantifying further comprises performing
a polymerase chain reaction (PCR). In some embodiments, PCR comprises qPCR. In some
embodiments, quantifying further comprises performing sequencing. In some embodiments,
sequencing comprises massively parallel sequencing. In some embodiments, determining the
risk score of the subject for breast cancer 1s performed with an accuracy of at least 90%.In some
embodiments, determining the risk score of the subject for breast cancer 1s performed with a
specificity of at least 90%.In some embodiments, determining the risk score of the subject for
breast cancer 1s performed with a sensitivity of at least 80%. In some embodiments, the cell-of-
origin of the exosome 1s a breast cell. In some embodiments, the subject has dense breast tissue.
In some embodiments, the subject has an ambiguous result from a screening mammogram. In
some embodiments, subject 1s 1n an age range of 18 to 40. In some embodiments, the biomarker
1S a transcript of a gene associated with a hallmark of cancer. In some embodiments, the
hallmark of cancer 1s selected from the group consisting of: evading growth suppressor,
avoiding immune destruction, promoting replicative immortality, tumor-promoting
inflammation, activating invasion and metastasis, inducing angiogenesis, genome instability and
mutation, resisting cell death, deregulating cellular energetics, sustaining proliferative signaling,
and any combination thereof. In some embodiments, the gene associated with the hallmark of
cancer 1s selected from the group consisting of: LCE2B, HIST1IH4K, ABCA2, TNFRSF10A,
AK092120, DTYMK, ALKBHI1, MCARTI, Hs. 161434, and any combination thereof. In some
embodiments, the gene associated with the hallmark of cancer 1s selected from the group
consisting of: ABCA1, ABCA2, TNFRSF10A, DTYMK, ALKBHI1, and any combination
thereof. In some embodiments, the biomarker 1s a transcript of a gene with an expression profile
similar to a gene associated with a hallmark of cancer.

[0007] In an aspect, the present disclosure provides a method for reducing a number of false-
positive or false-negative results for breast cancer. The method can comprise a) providing a

biological sample of a subject, wherein the subject 1s from a population of subjects having a
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positive, negative, or ambiguous result from a screening mammogram; b) quantifying a sample
level of a biomarker 1n the biological sample of the subject; ¢) comparing the sample level of the
biomarker to a reference level of the biomarker; and d) identifying the result of the screening
mammogram as a false-positive or a false-negative for breast cancer based on the results of the
comparing. In some embodiments, the biomarker 1s a cell-free nucleic acid. In some
embodiments, the cell-free nucleic acid 1s RNA. In some embodiments, the RNA 1s mRNA or
miRNA. In some embodiments, the mRNA 1s a transcript of a gene selected from the group
consisting of LCE2B, HIST1H4K, ABCA2, TNFRSF10A, AK092120, DTYMK, ALKBHI,
MCARTI, Hs. 161434, and any combination thereof. In some embodiments, the biomarker 1s of
exosomal origin. In some embodiments, the method further comprises lysing an exosome
fraction of the biological sample to release the biomarker prior to step b). In some embodiments,
the method further comprises enriching an exosome fraction of the biological sample prior to the
lysing. In some embodiments, the method further comprises stabilizing the exosome fraction
following the enriching. In some embodiments, the biological sample 1s saliva. In some
embodiments, the 1dentifying 1s performed with an accuracy of at least 90%. In some
embodiments, the 1dentifying 1s performed with a specificity of at least 90%. In some
embodiments, the 1dentifying 1s performed with a sensitivity of at least 80%. In some
embodiments, the cell-of-origin of the exosome 1s a breast cell. In some embodiments, the
subject has dense breast tissue. In some embodiments, the subject has an ambiguous
mammogram result. In some embodiments, the biomarker 1s a transcript of a gene associated
with a hallmark of cancer. In some embodiments, the hallmark of cancer can be selected from
the group consisting of: evading growth suppressor, avoiding immune destruction, promoting
replicative immortality, tumor-promoting inflammation, activating invasion and metastasis,
inducing angiogenesis, genome instability and mutation, resisting cell death, deregulating
cellular energetics, sustaining proliferative signaling, and any combination thereof. In some
embodiments, the gene associated with the hallmark of cancer 1s selected from the group
consisting of: LCE2B, HIST1IH4K, ABCA2, TNFRSF10A, AK092120, DTYMK, ALKBHI,
MCARTI, Hs. 161434, and any combination thereof. In some embodiments, the gene associated
with the hallmark of cancer 1s selected from the group consisting of: ABCA1, ABCA2,
TNFRSFI10A, DTYMK, ALKBHI1, and any combination thereof. In some embodiments, the
biomarker 1s a transcript of a gene with an expression profile similar to a gene associated with a
hallmark of cancer.

[0008] In an aspect, the disclosure provides a method for determining a health state of a subject.
The method can comprise a) providing a biological sample of a subject; b) quantifying a sample

level of at least two biomarkers 1n the biological sample of the subject, wherein the at least two
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biomarkers are selected from the group consisting of LCE2B, HISTIH4K, ABCA2,

TNFRSF10A, AK092120, DTYMK, ALKBH1, MCART1, Hs.161434, and any combination
thereof; ¢) comparing the sample level of the at least two biomarkers to a reference level of the
two biomarkers; and d) determining a health state of the subject based on the comparing. In
some embodiments, the biological sample 1s a biological fluid. In some embodiments, the
biological fluid 1s saliva. In some embodiments, one of the at least 2 biomarkers 1s HIST1H4K.
In some embodiments, one of the at least 2 bitomarkers 1s TNFRSF10A. In some embodiments,
one of the at least 2 biomarkers 1s ALKBHI1. In some embodiments, one of the at least 2
biomarkers 1s ABCA2. In some embodiments, one of the at least 2 bitomarkers 1s DTYMK. In
some embodiments, the quantifying comprises quantifying the sample level of at least nine
biomarkers. In some embodiments, the nine biomarkers are LCE2B, HISTIH4K, ABCA2,
TNFRSF10A, AK092120, DTYMK, ALKBH1, MCARTI, and Hs.161434. In some
embodiments, the quantifying comprises quantifying an mRNA transcript of the at least two
biomarkers. In some embodiments, the method further comprises lysing an exosome fraction of
the biological sample to release the mRNA. In some embodiments, quantifying the sample level
of biomarker 1s performed with an accuracy of at least 90%. In some embodiments, quantifying
the sample level of biomarker 1s performed with a sensitivity of at least about 80%. In some
embodiments, quantifying the sample level of biomarker 1s performed with a specificity of at
least 90%. In some embodiments, the at least 2 biomarkers are associated with a hallmark of
cancer. In some embodiments, the hallmark of cancer 1s selected from the group consisting of:
evading growth suppressor, avoiding immune destruction, promoting replicative immortality,
tumor-promoting inflammation, activating invasion and metastasis, inducing angiogenesis,
genome 1nstability and mutation, resisting cell death, deregulating cellular energetics, sustaining
proliferative signaling, and any combination thereof. In some embodiments, the at least two
biomarkers comprise an expression profile similar to a gene associated with a hallmark of
cancer.

[0009] In an aspect, the disclosure provides a method for determining a health state of a subject.
The method can comprise a) performing a mammogram on a subject; b) obtaining a saliva
sample of the subject; ¢) quantifying a sample level of a biomarker from the saliva sample,
wherein the biomarker 1s of exosomal origin, wherein the biomarker 1s a transcript of a gene
selected from the group consisting of: LCE2B, HIST1IH4K, ABCA2, TNFRSF10A, AK092120,
DTYMK, ALKBHI1, MCARTI, Hs.161434, and any combination thereof; d) comparing the
sample level of the biomarker to a reference level of the biomarker, wherein the reference level
1S obtained from a subject having breast cancer; and €) combining the result of the mammogram

and the comparing to determine a health state of the subject associated with breast cancer. In

_4-



CA 03044257 2015-0b-16

WO 2018/098379 PCT/US2017/063157

some embodiments, the method has a greater accuracy for determining the health state of the
subject associated with breast cancer compared with a method lacking the combining step of
step €). In some embodiments, the subject has dense breast tissue. In some embodiments, the
mammogram gives an ambiguous result for the subject. In some embodiments, the subject 1s 1n
an age range of 18 to 40. In some embodiments, the transcript 1Is mRNA or miRNA. In some
embodiments, the quantifying comprises sequencing.

[0010] In an aspect, the disclosure provides a method comprising: a) providing a saliva sample
from a subject; b) quantifying a sample level of a biomarker from the saliva sample, wherein the
biomarker 1s a transcript of a gene associated with a hallmark of cancer; ¢) comparing the
sample level of the biomarker to a reference level of the biomarker, wherein the reference level
1s obtained from a subject having cancer; and d) determining a risk score of the subject for
cancer based on the comparing. In some embodiments, the hallmark of cancer 1s selected from
the group consisting of: evading growth suppressor, avoiding immune destruction, promoting
replicative immortality, tumor-promoting inflammation, activating invasion and metastasis,
inducing angiogenesis, genome instability and mutation, resisting cell death, deregulating
cellular energetics, sustaining proliferative signaling, and any combination thereof. In some
embodiments, the gene associated with the hallmark of cancer 1s selected from the group
consisting of: LCE2B, HIST1H4K, ABCA2, TNFRSF10A, AK092120, DTYMK, ALKBHI,
MCARTI, Hs. 161434, and any combination thereof. In some embodiments, the gene associated
with the hallmark of cancer 1s selected from the group consisting of: ABCAI1, ABCA2,
TNFRSF10A, DTYMK, ALKBHI1, and any combination thereof. In some embodiments, the
biomarker 1s obtained from an exosome 1n the saliva. In some embodiments, the method further
comprises lysing the exosome prior to step b to release the biomarker from the exosome
fraction. In some embodiments, the cell-of-origin of the exosome 1s a breast cell. In some
embodiments, the transcript 1s RNA. In some embodiments, the RNA 1s mRNA or miRNA. In
some embodiments, the quantifying further comprises reverse transcribing the RNA.

In some embodiments, the quantifying further comprises performing a polymerase chain
reaction (PCR). In some embodiments, the PCR 1s gPCR. In some embodiments, the quantifying
further comprises performing sequencing. In some embodiments, the sequencing comprises
massively parallel sequencing. In some embodiments, determining the risk score of the subject
for cancer 1s performed with an accuracy of at least 90%. In some embodiments, determining the
risk score of the subject for cancer 1s performed with a specificity of at least 90%. In some
embodiments, determining the risk score of the subject cancer 1s performed with a sensitivity of
at least 80%. In some embodiments, the cancer 1s breast cancer. In some embodiments, the

subject has dense breast tissue. In some embodiments, the subject has an ambiguous result from
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a screening mammogram. In some embodiments, the subject 1s 1in an age range of 18 to 40. In
some embodiments, the method further comprises imaging a breast tissue of the subject. In some
embodiments, the imaging 1s performed using a mammogram. In some embodiments, the
method further comprises adjusting the risk score of the subject from step d based on the results

from the mammogram.

BRIEF DESCRIPTION OF THE FIGURES
[0011] The novel features of the disclosure are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the disclosure will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, 1n
which the principles of the disclosure can be utilized, and the accompanying drawings of which:
[0012] FIG. 1 1illustrates use of a biological sample of a subject (e.g., body fluid such as saliva)
with a biomarker assay of the disclosure to detect bitomarkers associated with a health condition
(e.g., cancer, breast cancer). Data from the biomarker assay can be used to determine a health
condition of the subject.
[0013] FIG. 2 illustrates use of a biomarker panel of the disclosure in combination with imaging
data (e.g., mammogram) for cancer (e.g., breast cancer) detection 1n a subject. The use of the
assay 1n combination with imaging data can provide a greater accuracy of detection.
[0014] FIG. 3 depicts an 1llustrative workflow of a method of the disclosure for assessing
cancer 1n a subject using a saliva sample.
[0015] FIG. 4 illustrates candidate genes that can be part of a biomarker panel of the disclosure.
[0016] FIG. S 1s a block diagram that illustrates an example of a computer architecture system.
[0017] FIG. 6 1s a diagram showing a computer network with a plurality of computer systems, a
plurality of cell phones and personal data assistants, and NAS devices.
[0018] FIG. 7 1s a block diagram of a multiprocessor computer system using a shared virtual
address memory space.
[0019] FIG. 8 illustrates a computer program product that 1s transmitted from a geographic
location to a user.
[0020] FIG. 9 illustrates results of a study to identify biomarkers for breast cancer. The average
connectivity values derived from 10 breast cancer subjects and 10 matched and healthy controls
are shown.
[0021] FIG. 10 1llustrates scores obtained from a 9-gene assay performed using qPCR taken
from a validation study of 60 subjects.
[0022] FIG. 11 illustrates serially-ordered composite gene expression values.

[0023] FIG. 12 illustrates results of a secondary validation study for biomarker gene 5.
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[0024] FIGS. 13A, 13B, 13C, and 13D show results of a RT-qPCR-based secondary validation

study for candidate biomarker genes. FIG. 13A shows the results of a RT-qPCR-based
secondary validation study for Gene 2. FIG. 13B shows the results of a RT-qPCR-based
secondary validation study for Gene 3. FIG. 13C shows the results of a RT-qPCR-based
secondary validation study for Gene 7. FIG. 13D shows the results of a RT-qPCR-based
secondary validation study for Gene 9.

[0025] FIG. 14 shows parameters and results of the biomarker validation study for Gene 2.
[0026] FIG. 15 shows parameters and results of the biomarker validation study for Gene 3.
[0027] FIG. 16 shows parameters and results of the biomarker validation study for Gene 7.
[0028] FIG. 17 shows parameters and results of the biomarker validation study for Gene 9.
[0029] FIGS. 18A, 18B, 18C, 18D, and 18E 1llustrate results of a RT-qPCR-based secondary
validation study for candidate biomarker genes. FIG. 18A shows the results of a RT-qPCR-
based secondary validation study for Gene 1. FIG. 18B shows the results of a RT-qPCR-based
secondary validation study for Gene 4. FIG. 18C shows the results of a RT-qPCR-based
secondary validation study for Gene 5. FIG. 18D shows the results of a RT-qPCR-based
secondary validation study for Gene 6. FIG. 18E shows the results of a RT-qPCR-based
secondary validation study for Gene 8.

[0030] FIG. 19 shows parameters and results of the biomarker validation study for Gene 1.
[0031] FIG. 20 shows parameters and results of the biomarker validation study for Gene 4.
[0032] FIG. 21 shows parameters and results of the biomarker validation study for Gene 3.
[0033] FIG. 22 shows parameters and results of the biomarker validation study for Gene 6.
[0034] FIG. 23 shows parameters and results of the biomarker validation study for Gene 8.
[0035] FIG. 24 shows the results of a RT-qPCR-based secondary validation study for the
housekeeping gene G-HI1.

[0036] FIG. 25 shows the results of a RT-qPCR-based secondary validation study for the
housekeeping gene G-H2.

[0037] FIG. 26 illustrates an example of an optimized work flow for the saliva biomarker test.
[0038] FIG. 27 depicts illustrative genes and signaling systems associated with hallmarks of
cancer.

[0039] FIG. 28 depicts illustrative biomarkers 1dentified using the methods of the disclosure
that are associated with one or more hallmarks of cancer.

[0040] FIG. 29 illustrates results of a study to evaluate gene expression profiles 1n saliva for

breast cancer genes.

DETAILED DESCRIPTION OF THE DISCLOSURE
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[0041] The following description and examples 1llustrate embodiments of the disclosure 1n
detail. It 1s to be understood that this disclosure 1s not limited to the particular embodiments
described herein and as such can vary. Those of skill in the art will recognize that there are
numerous variations and modifications of the disclosure, which are encompassed within 1ts
sCope.

[0042] Imaging tests such as mammograms can be used to screen and detect breast diseases like
cancer (e.g., invasive breast cancer and ductal carcinoma in situ). However, screening
mammograms can fail to detect about 1 1n 5 breast cancers. False-positive and false-negative
rates for mammograms can range from, for example, about 7-15%. False-positive and false-
negative rates can be more frequent 1n younger women (e.g., women under 50) and women with
dense breasts. Further, 1t can be difficult to differentiate between 1invasive breast cancer and non-
life-threatening forms of breast cancer based on mammograms. Consequently, mammograms
can lead to the over-diagnosis of patients, which can lead to overtreatment of cancers that are not
invasive. Thus, there exists a considerable need for more accurate methods of breast cancer
detection.

[0043] Disclosed herein are methods for detecting cancer in a subject. An exemplary method
can comprise the steps of (a) obtaining a biological sample of a subject, (b) quantifying a sample
level of a biomarker 1n the biological sample, (¢) comparing the sample level of the biomarker to
a reference level of the biomarker, (d) determining a risk score of the subject for a cancer based
on the comparison between the sample level and the reference level, or any combination thereof.
The biological sample can be, for example, saliva. The cancer can be, for example, breast
cancer. The biomarker can be, for example, of exosomal origin. The method can additionally
comprise a step of lysing, 1solating, or enriching a specific fraction of the biological sample, for
example, exosomes in the biological sample.

[0044] An exemplary method of the disclosure 1s depicted in FIG. 1. FIG. 1 illustrates use of a
saliva sample from a subject to detect one or more biomarkers associated with, for example,
cancer. A saliva sample (101) 1s collected from a subject. The saliva sample 1s then processed
and subjected to a biomarker panel assay of the disclosure (102) to detect biomarkers (103).
Results of the biomarker assay are used to determine whether the subject has cancer. The subject
1s given a diagnosis (104).

[0045] A method of the disclosure can be used 1in combination with an additional screening or
detection method. For example, a combination of a biomarker assay of the disclosure and an
additional screening test can provide a higher accuracy, sensitivity, and/or specificity of
detection of cancer, compared with that obtained using the screening test alone. An exemplary

method can comprise the steps of a) performing a screening test on a subject to evaluate a risk of
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developing a health condition by the subject, b) obtaining a biological sample of the subject, ¢)

quantifying a sample level of a bitomarker 1n the biological sample of the subject, d) comparing
the sample level of the biomarker to a reference level of the biomarker, €) combining the result
of the screening test and the biomarker comparison, f) determining a health state of the subject
based on the combined information from the screening test and the biomarker results, or any
combination thereof. The additional screening test can include, for example, an imaging test
(e.g., using x-rays, sound waves, radioactive particles, or magnetic fields) from a tissue or organ
of the subject. The tissue can be, for example, breast tissue. The additional screening test can
be, for example, a mammogram. The biological sample can be, for example, saliva. The cancer
can be, for example, breast cancer. The biomarker can be, for example, of exosomal origin.
The biomarker can be, for example, mRNA.

[0046] An exemplary method of the disclosure 1s depicted in FIG. 2. FIG. 2 1llustrates the use
of a saliva-based biomarker assay of the disclosure 1n conjunction with an additional screening
test (e.g., mammogram) for detecting breast cancer. A subject (201) undergoes an i1maging test
such as a mammogram (202). The subject also provides a sample such as saliva (204) for a
biomarker panel assay. Imaging data (203) are obtained and processed. The saliva sample 1s
subjected to a biomarker panel assay to detect biomarkers (205). A combination of the imaging
data (203) and biomarker assay results (205) are used to diagnose breast cancer in the subject
(206).

[0047] Disclosed herein are methods for reducing the number of false-positive or false-negative
results for a health condition. An exemplary method can comprise the steps of a) obtaining a
biological sample of a subject with a positive, negative, or ambiguous result from a screening
test that evaluates the subject’s risk of developing a health condition, b) quantifying a sample
level of a biomarker 1n the biological sample of the subject, ¢) comparing the sample level of the
biomarker to a reference level of the biomarker for the health condition, d) identifying the result
of the screening test as a false-positive or a false-negative for the health condition based on the
results from the biomarker comparison. The screening test can include, for example, an i1maging
test (e.g., using x-rays, sound waves, radioactive particles, or magnetic fields) from a tissue or
organ of the subject. The tissue can be, for example, breast tissue. The screening test can be, for
example, a mammogram. The biological sample can be, for example, saliva. The health
condition can be, for example, breast cancer. The biomarker can be, for example, of exosomal
origin. The biomarker can be, for example, mRNA.

[0048] Methods of the disclosure can provide, for example, a low cost, accurate, non-invasive,
and easy to implement test for early detection of cancer. Methods of the disclosure can aid early

detection of cancer. Methods of the disclosure can be useful for subjects with dense breast
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tissue. Methods of the disclosure can reduce the rate of false positives and false negatives, and
improve the accuracy of cancer diagnosis. In some embodiments, the disclosure provides a
saliva-based test that comprises measuring mRNA of exosomal origin from a saliva sample of
the subject to determine the subject’s risk of breast cancer.

[0049] In some embodiments, the disclosure provides a device for performing the methods of
the disclosure. The device can be used to analyze a sample, for example, to generate a biomarker
signature of the subject. In some embodiments, the device can be used at a clinic, a hospital, or a
breast imaging center.

[0050] Aspects of the disclosure can relate to methods that can improve the monitoring,
diagnosing, and/or treatment of a subject suffering from a health condition or a disease. The
health condition can be, for example, cancer, neurodegenerative diseases, inflammatory
disorders, or a drug response disorder.

[0051] Non-limiting examples of cancers include: acute lymphoblastic leukemia, acute myeloid
leukemia, adrenocortical carcinoma, AIDS-related cancers, AIDS-related lymphoma, anal
cancer, appendix cancer, astrocytomas, neuroblastoma, basal cell carcinoma, bile duct cancer,
bladder cancer, bone cancers, brain tumors, such as cerebellar astrocytoma, cerebral
astrocytoma/malignant glioma, ependymoma, medulloblastoma, supratentorial primitive
neuroectodermal tumors, visual pathway and hypothalamic glioma, breast cancer, bronchial
adenomas, Burkitt lymphoma, carcinoma of unknown primary origin, central nervous system
lymphoma, cerebellar astrocytoma, cervical cancer, childhood cancers, chronic lymphocytic
leukemia, chronic myelogenous leukemia, chronic myeloproliferative disorders, colon cancer,
cutaneous T-cell lymphoma, desmoplastic small round cell tumor, endometrial cancer,
ependymoma, esophageal cancer, Ewing's sarcoma, germ cell tumors, gallbladder cancer, gastric
cancer, gastrointestinal carcinoid tumor, gastrointestinal stromal tumor, gliomas, hairy cell
leukemia, head and neck cancer, heart cancer, hepatocellular (liver) cancer, Hodgkin lymphoma,
Hypopharyngeal cancer, intraocular melanoma, 1slet cell carcinoma, Kaposi sarcoma, kidney
cancer, laryngeal cancer, lip and oral cavity cancer, liposarcoma, liver cancer, lung cancers, such
as non-small cell and small cell lung cancer, lymphomas, leukemias, macroglobulinemia,
malignant fibrous histiocytoma of bone/osteosarcoma, medulloblastoma, melanomas,
mesothelioma, metastatic squamous neck cancer with occult primary, mouth cancer, multiple
endocrine neoplasia syndrome, myelodysplastic syndromes, myeloid leukemia, nasal cavity and
paranasal sinus cancer, nasopharyngeal carcinoma, neuroblastoma, non-Hodgkin lymphoma,
non-small cell lung cancer, oral cancer, oropharyngeal cancer, osteosarcoma/malignant fibrous
histiocytoma of bone, ovarian cancer, ovarian epithelial cancer, ovarian germ cell tumor,

pancreatic cancer, pancreatic cancer islet cell, paranasal sinus and nasal cavity cancer,
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parathyroid cancer, penile cancer, pharyngeal cancer, pheochromocytoma, pineal astrocytoma,
pineal germinoma, pituitary adenoma, pleuropulmonary blastoma, plasma cell neoplasia,
primary central nervous system lymphoma, prostate cancer, rectal cancer, renal cell carcinoma,
renal pelvis and ureter transitional cell cancer, retinoblastoma, rhabdomyosarcoma, salivary
gland cancer, sarcomas, skin cancers, skin carcinoma merkel cell, small intestine cancer, soft
tissue sarcoma, squamous cell carcinoma, stomach cancer, T-cell lymphoma, throat cancer,
thymoma, thymic carcinoma, thyroid cancer, trophoblastic tumor (gestational), cancers of
unknown primary site, urethral cancer, uterine sarcoma, vaginal cancer, vulvar cancer,
Waldenstrom macroglobulinemia, and Wilms tumor. In some embodiments, the health condition
1s cancer. In some embodiments, the health condition 1s breast cancer.

[0052] A method of the disclosure can comprise detecting the presence of a biomarker. A
biomarker can be a measurable indicator of a health condition (e.g., cancer). A biomarker can be
secreted by a tumor or as a result of a physiological response, for example, from the presence of
cancer. A biomarker can be, for example, genetic, epigenetic, proteomic, glycomic, or imaging
biomarker. A biomarker can be used for diagnosis, prognosis, or epidemiology. A biomarker can
be assayed 1n an invasively collected sample such as a tissue biopsy. A biomarker can be
assayed 1n a non-invasively collected sample such as bodily fluids, for example, saliva.

[0053] Various biomarkers are suitable for use with a method of the disclosure. A biomarker
can be, for example, a nucleic acid such as DNA or RNA, a peptide, a protein, a lipid, an
antigen, an antibody, a carbohydrate, a proteoglycan, or any combination thereof. A biomarker
can be a cell-free nucleic acid, such as cell-free DNA or cell-free RNA. A biomarker can be
RNA selected from the group consisting of: mRNA, small RNA, miRNA, snoRNA, snRNA,
rRNAs, tRNASs, siRNA, hnRNA, shRNA, and a combination thereof. In some embodiments, a
biomarker can be RNA. In some embodiments, a biomarker can be mRNA. In some
embodiments, a biomarker can be miRNA.

[0054] A biomarker can be a product (e.g., expression product) of a gene. A biomarker can
measure the activity of a gene. The expression of a biomarker gene can be measured at a
transcriptomic level (e.g., RNA, mRNA, miRNA), proteomic level (e.g., protein, polypeptide),
or a combination thereof.

[005S] A biomarker gene can be differentially expressed (e.g., overexpressed or under-
expressed), for example, 1n comparison to a reference level or control for a health condition. For
example, a biomarker can have a change 1n expression level of at least 2-fold, 3-fold, 4-fold, 5-
fold, 6-fold, 7-fold, 10-fold, 15-fold, 20-fold, 50-fold change, or 100 fold compared with a
reference level for a health condition. In some embodiments, the difference 1n gene expression

level 1s at least 10%, 15%., 20%, 25%, 30%, 35%, 40%, 45% or 50% or more. A reference level
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can be obtained from one or more subjects. A method of the disclosure can comprise
determining the differential expression of a biomarker gene compared with a control.

[0056] A method of the disclosure can comprise detection of more than one biomarker. A
method can assess, for example, atleast 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, or 1000
biomarkers. A method can assess, for example, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, or
1000 biomarkers. A method can comprise detecting at least 2 biomarkers. A method can
comprise detecting at least 3 biomarkers. A method can comprise detecting at least 4
biomarkers. A method can comprise detecting at least 5 biomarkers. A method can comprise
detecting at least 6 biomarkers. A method can comprise detecting at least 7 biomarkers. A
method can comprise detecting at least 8 biomarkers. A method can comprise detecting at least
9 biomarkers.

[0057] Detection or analysis of a biomarker can comprise determination of: an expression level,
presence, absence, mutation, copy number variation, truncation, duplication, insertion,
modification, sequence variation, molecular association, or a combination thereof, of the
biomarker.

[0058] In some embodiments, gene co-expression networks can be analyzed to discover
biomarkers. See also e.g., U.S. Patent Publication 20120010823, which 1s incorporated herein by
reference 1n 1ts entirety for all purposes. Analysis of gene co-expression networks can be based
on the transcriptional response of cells to changing conditions. Because the coordinated co-
expression of genes can encode interacting proteins, studying co-expression patterns can provide
1insights into the underlying cellular processes.

[0059] A threshold can be set on a Pearson correlation coefficient to arrive at gene co-
expression networks, which can be referred to as ‘relevance’ networks. In these networks, a
node can correspond to the gene expression profile of a given gene. Nodes can be connected, for
example, 1f they have a significant pairwise expression profile. In some embodiments, the
absolute value of a Pearson correlation can be used as a standard 1n a gene expression cluster
analysis. In some embodiments, the Pearson correlation coefficient can be used as a co-
expression measure.

[0060] Methods of the disclosure can comprise analysis of gene expression modules. A
clustering procedure can be used to 1identify modules of connected nodes with a high correlation,
for example, greater than 0.95, between their gene expression values. Average connectivity

between these modules can then be analyzed. The average connectivity can be the average of the
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ki across all the modules. Connectivity for a module 7 can be defined as the k; modules linked
with, for example, greater than about 0.95 correlation to module i:
Ki=2 aij

P

-&: 'F ~N
X

where a;j can be a module with a correlation greater than 0.95 to the ith module

[0061] In some embodiments, gene expression values can be weighted. In some embodiments,
new and/or additional genes can be added to the biomarker panel. In some embodiments,
welghting of gene expression values and/or additional genes can improve scoring of subjects,
which can lead to greater accuracy of biomarker detection. Improved scoring can lead to
increased sensitivity, for example, greater than 90%. In some cases, a weighting regime may not
be used.

[0062] Identified biomarker genes can exhibit differences in connectivity or co-expression
between the subjects with a health condition such as breast cancer, and healthy subjects. This
can be occur, for example, when moving from examining gene expression output from a gene
chip during discovery phase studies to examining gene expression output using qPCR, which
can have a greater dynamic range and sensitivity. A measure of average connectivity within the
gene sub-network can be used to score qPCR results and indicate differences between breast
cancer subjects and healthy subjects. Comparing the average connectivity within a gene sub-
network can provide data that allows weighting of gene expression values, or add new genes, to
improve the scores for greater accuracy of the test.

[0063] FIG. 4 and TABLE 1 show illustrative biomarkers identified using methods of the
disclosure. One or more of these biomarkers can be a part of a biomarker panel. A “biomarker
panel”, “biomarker gene panel”, or “biomarker assay panel” can refer to a set of biomarkers that
can be analyzed 1n a biological sam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>