What is claimed is:

1. A method of using a“binary-categorical "DNA methylation signature of cancer to detect
cancer in DNA originating from a tumor in cell-free plasma DNA comprising the step of deriving
said “binary” DNA methylation signature by using a “binary-categorical differentiation (BCD)”
method from genome wide DNA methylation maps to discover regions that are binary and
categorically different between cancer and all normal tissues notwithstanding the amount of

normal DNA.

2. The method of claim 1 wherein said genome wide DNA methylation maps derived from one

or more of cancer cells, normal tissues and blood DNA.

3. The method of claim 1 wherein said“binary-categorical differentiation (BCD)” method
includes use of one or more of the following: lllumina 27K, 450K or EPIC arrays, genome wide
bisulfite sequencing, methylated DNA

Immunoprecipitation (MeDIP) sequencing and hybridization with oligonucleotide arrays.

4. The method of claim 1 for detecting hepatocellular carcinoma (HCC) Liver cancer (detect) and
for differentiating from other tumors (spec) by measuring DNA methylation levels of one or
more of the CG IDs from the following tables and subsets deriving a“cancer methylation score”
using either a“binary categorical” equation or using a linear regression equation and Receiver
operating characteristics (ROC) assays in DNA originating from the tumor in cell-free plasma

DNA derived from the patient wherein the tables and subsets are the following:

Liver_detect

cg00370303 cg10900437 | cg02012576 | cg16460359 | cg04035559 | cgl17419241
cg00931619 cgl1223367 | c¢g03768777 | cgl6977570 | cg04085025 | cg18607529
cg05040544 cg19289599 [ cg06233293 | cg24804544 | cg26523670 | cg09992116
cg05739190 cg24599205
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Liver_spec

cgl2137206 cgld126493 | cg06105778 | cg22076972 | cg13341720 | cg03705926
cg09363194 cg07036412 | ¢g02702614 | cgl0181419 | cg05876864 | cg11068343
cgl7167468 cg15375239 | ¢g00026222 | cg17283781 | cgl6147221 | cg26386472
cgl14570307 cg06207432 | ¢g07610192 | cg03422204 | cg11684022 | cg23693289
€g21107197 cg04920951 | ¢g20385508 | cg25296314 | cg20707679 | cg26703661
cg00456086 cg05009389 | ¢g19388016 | cg08460435 | cg04739306 | cg04221886
cg26797073 cg04109768 | cg05337743 | cg00483503 | cg18668780 | cg10604002
cg27650175 cg05684891 | ¢g26026416 | cg00177496 | cg14221460 | cg16551483
cg13438961 cg24432073 | ¢g21059834 | cg23305567 | cg04809136 | cg21105227

Subset for detect:cg02012576, cg03768777, cg24804544, cg05739190; and Subset for spec:

eg 14126493.

5. The method of claim 1 for detecting lung cancer (detect) and for differentiating from other

tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs from the

following tables and subsets and deriving a“cancer methylation score” using either a “binary

IM

categorica

equation or using a linear regression equation and Receiver operating

characteristics (ROC) assays in DNA originating from the tumor in cell-free plasma DNA derived

from the patient wherein the tables and subsets are the following:

Lung_detect

cg04223424 cg06530490 | cg08944430 | cg09463882 | cgl 1017065 | cgl2405785
cg16405026 cg21410080 | ¢g23141355 | cg25024074

Lung_spec

SROSRETIIY | cg02682457 | ¢g23407396 | cg23601095 | ¢g23141355 | ¢g15386964
cg02578368 | cg24631970 | cg27487839 | cg16405026

€cg23141355 | cg06530490 | cg04223424 | cxdS4TRNTFT | cg07138603 | cg23460835
cg20678442 | cg15436096

Subset for detect:

cg04223424, cg2314I355; and

Subset for spec:

€g05917732, cg25470077
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6. The method of claim 1 for detecting prostate cancer (detect) and for

differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of

the CG IDs from the following tables and subsets and deriving a “cancer methylation score”

using either a “binary categorical” equation or using a linear regression equation and Receiver

operating characteristics (ROC) assays in DNA originating from the tumor in cell-free plasma

DNA derived from the patient wherein the tables and subsets are the following:

Prostate_detect_spec

cgl4283569

cg18085998

cg13303553

Subset for detect_spec:

cgl4283569.

7. The method of claim 1 for detecting breast cancer (detect) and for differentiating from other

tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs from the

following tables and subsets and deriving a“cancer methylation score” using either a “binary

IM

categorica

equation or using a linear regression equation and Receiver operating

characteristics (ROC) assays in DNA originating from the tumor in cell free DNA derived from the

patient wherein the tables and subsets are the following:

Breast_detect
spisgaiasg ¢g19595750 |cg16842053 [cg18565473 |ogliFddsni [¢g25694349
CRUSSUEIS cRBIGITRIN |cg26261793 |cg18800085 |cg16132520 [cg05617413
cgl722890 cg06945936 |cg08406370 |cg24427504 |cg26937500 [cg11297107
¢g02215070 €g14140647 |cg05377226 [cg07070305 |cg24899571 [cg07844931
Breast_Spec
cg00467244 cg04194674 cg06879394 ¢cg10720997 cg19966212
cg00722320 cg04751811 cg06998282 cg11498607 €g24525457
cg01308827 cg06282270 cg08066035 €g14862207 €g26228266
RSN cg06405186 cg08296680 cgl17945153 N
Subset for detect:

cgl303125I, cg0973479I, cg09695735, cg03637878; and
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Subset for spec:

cg031 13878, cg20180843.

8. The method of claim 1 for detecting colorectal cancer (CRC) (detect) and for differentiating

from other tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs

from the following tables and subsets and deriving a “cancer methylation score” using either a

“binary categorical” equation or using a linear regression equation and Receiver operating

characteristics (ROC) assays in DNA originating from the tumor in cell free DNA derived wherein

the tables and subsets are the following:

CRC_detect_spec

cg08808128

cg03788131

€g21627760

cg08169901

cg07494047

cg13788592

€g24102266

cgl7716617

cgl6733654

Subset for detect-spec:

€g09854653, cg01566242.

9. The method of claim 1 for detecting pancreatic cancer (detect) and for differentiating from

other tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs from the

following tables and subsets and deriving a“cancer methylation score” using either a “binary

categorical” equation or using a linear regression equation and Receiver operating

characteristics (ROC) assays in DNA originating from the tumor cell free DNA derived from the

patient wherein the tables and subsets are:

Pancreas_detect

€g11017065 €g23833588 |ogdtiISGTE [€g21277995 |¢g22286978 |cg06241792
cgl11591516 cg10096177 |cg12035092 |cg03611007 |cg17996329 |cg13807970
€g16678602 SEANIENNSY |cg01423964 (cg07900968 |cg19118812 |cg06728579
CEINIINT cg08406370

Pancreas spec

SR ARTER 7% [cg15323936 |cg19102272 (cg01311909 [cg26927232
cg22290704 cg15832577 cp SORRENTT |cg26466027 [cg09796911 |cg15850155
€g15510118 R ASENIIFY [cg16165258 |cg25595541 (cg18151519 |cgl19749445
cg14870128 cg13441142

Subset for detect:
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€g25024074, cgl5386964, cgl6232979; and
Subset for spec:

cg01237565, cg08182975, cg20983577, cg25591377.

10. The method of claim 1 for detecting brain cancer (glioblastoma) (detect) and for
differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of
the CG IDs from the following tables and subsets and deriving a “cancer methylation score”
using either a “binary categorical” equation or using a linear regression equation and Receiver
operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNA

derived from the patient wherein the tables and subsets are the following:

Brain_detect-spec

cg06887260 cg19116006|cg10938374|cg03663746|cg25568243| cg27449131
cg24917627 cg04134305|cg09797645|cg02892595|cg13231951|cg26269703
cg09183941 cg16842053|cg26551897|cg26988692| cg07849581 | cg25026703
cg06798642 €g22963915|cg04245373|cg25533556|cg27659841|cg24917627
cg04692993 cg06045408 | cg06887260|cg11345323|cg17167076|cgl7526812
cg22513169|cg22865720 :

Subset for detect and spec:

cgl9929355.

11. The method of claim 1 for detecting gastric (stomach) cancer (detect) and for differentiating
from other tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs
from the following tables and subsets and deriving a “cancer methylation score” using either a
“binary categorical” equation or using a linear regression equation and Receiver operating
characteristics (ROC) assays in DNA originating from the tumor in cell free DNA derived from the

patient wherein the tables and subsets are the following:
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Stomach_detect

cg04125371 cg05377226 |egORBIITIYN |cg06241792 |cg07900968 [cgiiaiayal
cg11017065 cg12510981 [cg13807970 [«giVF8UINT [cg18323466 [cg19118812
cg19419279 cg19769760 [cg20334243 (cg26261793

Stomach_spec

cgl7187167 cg07350470 [cg05000488 [cg25612145 [cg09851120 [cg00904726
cg04911739 €g18192294 [cg11861709 [cg19452853 [¢g02706110 [cg03768513
3 cg06981182 [cg06118999 [cg04812509 [cg10131095 [cg05339066

Subset for detect:

cg056H779, cg0973479I, cgl5760257; and

Subset for spec:

cg056H779, cgl9235339.

12. The method of claim 1 for detecting ovarian cancer (detect) and for

differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of

the CG IDs from the following tables and subsets and deriving a “cancer methylation score”

using either a “binary categorical” equation or using a linear regression equation and Receiver

operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNA

derived from the patient wherein the tables and subsets are the following:

Ovarian_detect

CERERININR cg04008429 cg06849719 CEINERALIR [ex1IIRRET [cg15804105
cg12479674 cg06961071 g 310988 [cg01556502 cg02537149 cg23983315
cg03597143 €g27209395

Ovarian_spec

cg00895834 cg01159194 |cg01961086 [cg02649698 |cg03345116 [cg03456771
cg09392827 cg10178270 cg10581012 |cg13459217 [cg15701612 cg17130982
cg05901462 CaTOSETEY |cg08389588 (cg09173621 |cgl19276014 [op IHTAGHHS
cg18476766 cg19129687
Subset for detect:

€g24339193, cg22694153, cgl 1252337, cg21210985; and

Subset for spec:

cg07068768, cgl9846609.
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13. The method of claim 1 for detecting cervical cancer (detect) and for

differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of
the CG IDs from the following tables and subsets and deriving a “cancer methylation score”
using either a “binary categorical” equation or using a linear regression equation and Receiver
operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNA

derived from the patient wherein the tables and subsets are the following:

Cervix_detect

cg00578154 €g13644629 |cg01423964 (cg15745619 |cg04522671 |cg21621906
cgOTETANRT €g14962363 |ogM&NId4S |€g17228900 |cg07126167 [cg22806837
cg08134106 €g22922289 |cg09260640 [cg24625128 |cg11259628 (cg27420520
¢g08535260 €g23141355 |cg09734791 (cg25024074

Cervix_spec

¢g00829990 €g02401399 |cg04996219 |ogliFiiai T |¢g07195011 [cg07576142
SEERERNRE cElNGI8SL |cg13668618 (cg18543270

Subset for detect:

cg00757182, cg01601746; and
Subset for spec:

cg07066594, cg09260640, cgl2961842.

14. The method of claim 1 for detecting head and neck squamous cell carcinoma (detect) and
for differentiating from other tumors (spec) by measuring DNA methylation levels of one or
more of the CG IDs from the following tables and subsets and deriving a “cancer methylation
score” using either a “binary categorical” equation or using a linear regression equation and
Receiver operating characteristics

(ROC) assays in DNA originating from the tumor in cell free DNA derived from the patient

wherein the tables and subsets are the following:

HNSC_detect

cg01613638 cg02776314 |cg03280624 (cg04524120 |cg05151803 |cg07746323
cEUTHONNSR cg08406370 |cgl11108676 |cgl2083965 |cgl15397448 |cgl7428324
cg18403606 CRIGIIATSR |€g26770917 [cg27009208 |cgIFSINRIG

HNSC_spec

cg01217080 ¢cg03522799 |cg06672120 [cg09136346 |cgl0155875 |cpiniiaiay
cgl18443253 ST RREAEININE

Subset for detect:
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cg07900968, cg20334243, cg27420520; and

Subset for spec:

cgl8006328, cgl9287220.

15. The method of claim 1 for detecting esophageal carcinoma (detect) and for differentiating

from other tumors (spec) by measuring DNA methylation levels of one or more of the CG IDs

from the following tables and subsets and deriving a “cancer methylation score” using either a

“binary categorical” equation or using a linear regression equation and Receiver operating

characteristics (ROC) assays in DNA originating from the tumor in cell free DNA derived from the

wherein the tables and subsets are the following:

Esophagus_detect

SRR I LERATINGER |¢g06530450 | cg06963053 (cg08944430 |opidyFidvag
cg11017065 cg12035092 |cg18344922 (cg19118812 |cg20334243 |cg22128431
€g23141355 €g24740531 |cg27009208 [l Fa3053%

Esophagus_spec

¢g00532449 cg02763101 |cg04743654 |cg08055087 [cg08932440 |¢aiihitinsd
¢g10608333 el ddTASES |¢gl12966367 [cgl7579667 |cgl7949440 cg18723937
€g21554552 €g22647407 |cg23286646 |cg23730575 [cg27569446

Subset Subset for detect:

cg03280624, cg03735888, cg27420520, cg0973479l ; and

Subset for spec:

cg09556952, cgl2473285.

16. The method of claim 1 for detecting bladder cancer (detect) and for

differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of

the CG IDs from the following tables and subsets and deriving a “cancer methylation score”

using either a “binary categorical” equation or using a linear regression equation and Receiver

operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNAderived

from the patient wherein the tables and subsets are the following:
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Bladder_detect

cg01423964 SRAR RIS SRS 3“
LEIRRIAGTY cg21039778 : cg04342821 :cg0900841

Bladder_spec
¢gl14773260

crlinAanns cg02293936§

/.

cg02384661 gcg04355159

0

cg12911122

Subset for detect:
cg04223424, cgl0723962, cg25024074; and
Subset for spec:

eg 13544006.

17. The method of claim 1 for detecting renal (kidney) cancer (detect) and for

differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of
the CG IDs from the following tables and subsets and deriving a “cancer methylation score”
using either a “binary categorical” equation or using a linear regression equation and Receiver
operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNA

derived from the patient wherein the tables and subsets are the following:

Renal cancer_detect__spec

500011025 |cg14535274 cg05507490 cgl0367244 cg07190763
3989%971546 ,,,,,,,,,,,,,,,,,,,,,,,,,, 9519999735m95939§4949m9893755317m959?329953”ﬁa\\“‘\‘9\
€g26642667 3

Subset for detect spec:

cg08884571, cg000H225, cg000H225.

18. The method of claim 1 for detecting testicular cancer (detect) and for
differentiating from other tumors (spec) by measuring DNA methylation levels of one or more of
the CG IDs from the following tables and subsets and deriving a “cancer methylation score”

using either a “binary categorical” equation or using a linear regression equation and Receiver
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operating characteristics (ROC) assays in DNA originating from the tumor in cell free DNA

derived from the patient wherein the tables and subsets are the following:.

Testicular_detect_spec

cg14531093 cg11777290 | cg13283877 | cg03966099 | cg26939375 | cg26297530
cg16157016 cg14002772 | cg09890687 | cg05134918 | cg09719850 | cg06456125
cg17978367 cg20100671 | cg26627956 | cg19789755 | cg14393609 | cg21634331
cg02039634 cg25159927 ‘ cg01895439 ‘

Subset for detect and spec:

cgl4531093, cg25159927.

19. The method of claim 1 for detecting 13 common solid tumors (Pan cancer) by measuring
DNA methylation levels of one or more of the CG IDs from the following tables and subsets and
deriving a“cancer methylation score” using either a “binary categorical” equation or using a
linear regression equation and Receiver operating characteristics (ROC) assays in DNA
originating from the tumor in cell free DNA derived from the patient wherein the tables and

subsets are the following:.

Pan-cancer_detect

cg01423964 ©g04223424 0806530490 98,0,6.5,43987,, C807900968 9898,496379”
cg08848774 g09734791 [siNFRSSs |cg11017065 [syd SFESGSE cg15760257%
16405026 98,1,7,2?,3999,,,98?,1?7,7995,,,,?,8,2,2,2,3,5973,,,,98,2,3,1,41,,35,5,, CRERSSTANA

S RS AT S
R \ \ \
CRINGBANGTS

cg274205205

Subset for detect:

cgl0723962, cgl5759056, cg24427504, cg25024074.

20. The method of claim 1 for detecting acute myeloid leukemia (AML) by
measuring DNA methylation levels of one or more of the CG IDs from the following tables and
subsets and deriving a“AML methylation score” using either a “binary categorical” equation or

using a linear regression equation and Receiver operating characteristic (ROC) assay in DNA
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originating from the tumor in cell free DNA derived from the patient wherein the tables and

subsets are the following:

AML detect-

spec

cg00594866 | cg05608159

Subset for detect -spec:

cgl8658397, cgl8780412, cg20439288, cg22828045, cg25375340.

21. The method of claim 1 for detecting melanoma by measuring DNA

methylation levels of one or more of the CG IDs from the following tables and subsets and
deriving a "melanoma methylation score" using either a "binary categorical" equation or using a
linear regression equation and Receiver operating characteristic (ROC) assay in DNA originating

from the tumor in cell free DNA derived from the patient wherein the tables and subsets are the

following:.
Melanoma_detect-
spec
cg00325866 cg01228636 cg04616691 04824711 cg05569109 cg06019853
cg08611163 cg10830649 cg12593303 cg15307891 cg18866529 cg19530886
cgl19634213 cg20146030 cg21755725 cg22280705 cg24217704 cg24678095
826127345 cg27084903

Subset for detect-spec:

cgl5307891, cg!8866529, cg27084903.

22. A kit for detecting cancer, comprising equipment and one or more reagents used for deriving
DNA methylation measurements of the DNA methylation score according to the method of

claim 1.
23. A kit for detecting hepatocellular carcinoma (HCC) comprising equipment and one or more

reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 4.
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24. A kit for detecting lung cancer comprising equipment and one or more reagents for DNA
methylation measurements of the DNA methylation signature according to the method of claim

5.

25. A kit for detecting prostate cancer comprising equipment and one or more
reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 6.

26. A kit for detecting breast cancer comprising equipment and one or more reagents for DNA
methylation measurements of the DNA methylation signature according to the method of claim

7.

27. A kit for detecting colorectal cancer comprising equipment and one or more reagents for
DNA methylation measurements of the DNA methylation signature according to the method of

claim 8.

28. A kit for detecting pancreatic cancer comprising equipment and one or more reagents for
DNA methylation measurements of the DNA methylation signature according to the method of

claim 9.

29. A kit for detecting brain cancer“glioblastoma” comprising equipment and one or more
reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 10.

30. A kit for detecting gastric (stomach) cancer comprising equipment and one or more reagents
for DNA methylation measurements of the DNA methylation signature according to the method

of claim 11.

31. A kit for detecting ovarian cancer comprising equipment and one or more

reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 12.
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32. A kit for detecting cervical cancer comprising equipment and one or more
reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 13.

33. A kit for detecting head and neck squamous cell carcinoma (HNSC) comprising equipment
and one or more reagents for DNA methylation measurements of the DNA methylation

signature according to the method of claim 14.

34. A kit for detecting esophageal carcinoma comprising equipment and one or more reagents
for DNA methylation measurements of the DNA methylation signature according to the method

of claim 15.

35. A kit for detecting bladder cancer comprising equipment and one or morereagents for DNA
methylation measurements of the DNA methylation signature according to the method of claim

16.

36. A kit for detecting renal kidney cancer comprising equipment and one or more reagents for
DNA methylation measurements of the DNA methylation signature according to the method of

claim 17.

37. A kit for detecting testicular cancer comprising equipment and one or more
reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 18.

38. A kit for detecting common solid tumors comprising equipment and one or more reagents
for DNA methylation measurements of the DNA methylation signature according to the method

of claim 19.

39. A kit for detecting acute myeloid leukemia (AML) comprising equipment and one or more
reagents for DNA methylation measurements of the DNA methylation signature according to the

method of claim 20.
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40. A kit for detecting melanoma comprising equipment and one or more reagents for DNA
methylation measurements of the DNA methylation signature according to the method of claim

21.

41. The methods of claims 1-21 further comprising the step of using DNA
pyrosequencing methylation assays for predicting cancer by using DNA methylation

combination.

42. The methods of claims 1 -21 further comprising the step of using multiplexed amplification
targeted bisulfite sequencing on a next generation sequencer such as the Illlumina MiSeq for

detecting cancer.

43. The methods of claims 1-21 further comprising the step of using a

“binary categorical assay” for calculating a methylation score for predicting cancer.

44, The methods of claims 1 -21 further comprising the step of using a multivariate linear

regression equation for calculating a methylation score to predict cancer.

45. The methods of claims 1-21 further comprising the step of using a Receiver
operating characteristics (ROC) assay to define a“methylation score” threshold differentiating
cancer from noncancer and tissue of origin by using measurements of DNA methylation

combinations.

46. A method for identifying DNA methylation signature and a“polygenic DNA methylation
marker” for detecting tissue of origin of cell free DNA in body fluids such as saliva, urine, plasma
or feces comprising using the“binary- categorical differentiation (BCD)” method on genome
wide DNA methylation maps of a specific tissue and genome wide DNA methylation maps of all
other normal tissues and blood DNA, such as lllumina 27K, 450K or EPIC arrays, genome wide
bisulfite sequencing, methylated DNA Immunoprecipitation (MeDIP) sequencing or hybridization

with oligonucleotide arrays comprising the steps of performing DNA methylation measurements

94



in samples and performing statistical analysis on said DNA methylation measurements obtained

from said samples.

47. The method according to claim 48 for further identifying“polygenic DNA
methylation markers” of a diseased tissue such as neurons in brain, pancreas in diabetes, heart
in ischemia and heart disease wherein an identification such as dying neurons cell free DNA in

plasma can be used for early detection of disease such as Alzheimer disease.

48. The method according to claim 46, wherein said DNA methylation measurements are
obtained by performing lllumina Beadchip 450K or EPIC assay of DNA extracted from one or

more samples.

49. The method according to claim 46, wherein said DNA methylation measurements are
obtained by performing lllumina next generation sequencing on one or more of the following
platforms: iSeq, MiniSeq, MiSeq or NextSeq sequencers, torrent sequencing, DNA
pyrosequencing, mass spectrometry based (Epityper™) and PCR based methylation assays of

DNA extracted from sample.

50. The method according to claim 46, wherein said statistical analysis includes Pearson

correlation.

51. The method according to claim 46, wherein said statistical analysis includes Receiver

operating characteristics (ROC) assays.

52. The method according to claim 46, wherein said statistical analysis includes hierarchical

clustering analysis assays.
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