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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: Illumina 27K, 450K or EPIC arrays, genome wide 

bisulfite sequencing, methylated DNA 

Immunoprecipitation (MeDIP) sequencing and hybridization with oligonucleotide arrays. 

 

41. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 for 

detecting hepatocellular carcinoma (HCC) Liver cancer (detect) and for differentiating from 

other tumors (spec) 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; and 

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: 
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Subset for detect:cg02012576, cg03768777, cg24804544, cg05739l90; and Subset for spec: 

eg 14126493. 

 

52. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 for 

detecting lung cancer (detect) and for differentiating from other tumors (spec) 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; and 

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: 
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Subset for detect: 

cg04223424, cg23l4l355; and 

Subset for spec: 

cg05917732, cg25470077. 

 

 

63. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 for 

detecting prostate cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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: 

 

Subset for detect_spec: 

cgl4283569. 

 

74. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 for 

detecting breast cancer (detect) and for differentiating from other tumors (spec) comprising the 

https://patentimages.storage.googleapis.com/65/05/43/e5d21ee834b3df/imgf000085_0001.png
https://patentimages.storage.googleapis.com/ce/b4/d6/def1964294623d/imgf000085_0002.png


84 
 

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; and 

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: 

 

 

Subset for detect: 

cgl303l25l, cg0973479l, cg09695735, cg03637878; and 

Subset for spec: 

cg03l 13878, cg20l80843. 

 

85. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 for 

detecting colorectal cancer (CRC) (detect) and for differentiating from other tumors (spec) 

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; and 
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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: 

 

Subset for detect-spec: 

cg09854653, cg01566242. 

 

96. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 for 

detecting pancreatic cancer (detect) and for differentiating from other tumors (spec) 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; and 

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: 
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Subset for detect: 

cg25024074, cgl5386964, cgl6232979; and 

Subset for spec: 

cg0l237565, cg08l82975, cg20983577, cg2559l377. 

 

107. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 for 

detecting brain cancer (glioblastoma) (detect) and for differentiating from other tumors (spec) 

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; and 

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: 

 

Subset for detect and spec: 

cgl9929355. 

 

118. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 for 

detecting gastric (stomach) cancer (detect) and for differentiating from other tumors (spec) 

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; and 
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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: 

 

Subset for detect: 

cg056H779, cg0973479l, cgl5760257; and 

Subset for spec: 

cg056H779, cgl9235339. 

 

129. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 for 

detecting ovarian cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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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Subset for detect: 

cg24339l93, cg22694l53, cgl 1252337, cg2l2l0985; and 

Subset for spec: 

cg07068768, cgl9846609. 

 

1310. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting cervical cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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: 

 

https://patentimages.storage.googleapis.com/ed/09/b2/30c74fba9a74a4/imgf000089_0001.png
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Subset for detect: 

cg00757l82, cg0l60l746; and 

Subset for spec: 

cg07066594, cg09260640, cgl296l842. 

 

1411. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting head and neck squamous cell carcinoma (detect) and for differentiating from other 

tumors (spec) 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; and 

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: 

 

Subset for detect: 

cg07900968, cg20334243, cg27420520; and 

Subset for spec: 

cgl8006328, cgl9287220. 

 

1512. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting esophageal carcinoma (detect) and for differentiating from other tumors (spec) 

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 
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regions that are binary and categorically different between cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

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: 

 

Subset Subset for detect: 

cg03280624, cg03735888, cg27420520, cg0973479l ; and 

Subset for spec: 

cg09556952, cgl2473285. 

 

1613. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting bladder cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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: 

https://patentimages.storage.googleapis.com/ed/17/0c/ba7ecf848d032a/imgf000091_0001.png
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Subset for detect: 

cg04223424, cgl0723962, cg25024074; and 

Subset for spec: 

eg 13544006. 

 

1714. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting renal (kidney) cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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: 

 

Subset for detect spec: 

cg0888457l, cg000H225, cg000H225. 
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1815. The method of using a “binary-categorical ”DNA methylation signature of cancer claim 1 

for detecting testicular cancer (detect) and for  

differentiating from other tumors (spec) 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; 

and 

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:. 

 

 

Subset for detect and spec: 

cgl4531093, cg25159927. 

 

1916. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting 13 common solid tumors (Pan cancer) (bladder cancer, brain cancer, breast cancer, 

cervical cancer, colorectal cancer CRC, esophageal cancer, liver cancer, lung cancer, ovarian 

cancer, pancreatic cancer, prostate cancer, and stomach cancer) 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; and 

https://patentimages.storage.googleapis.com/c5/6b/12/f9c4e567362f88/imgf000092_0002.png
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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:. 

 

Subset for detect: 

cgl0723962, cgl5759056, cg24427504, cg25024074. 

 

 

2017. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting acute myeloid leukemia (AML) 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; 

and 

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 

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

subsets are the following: 

 

Subset for detect -spec: 

cgl8658397, cgl8780412, cg20439288, cg22828045, cg25375340. 
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2118. The method of using a “binary-categorical ”DNA methylation signature of cancerclaim 1 

for detecting melanoma 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; and 

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:. 

 

Subset for detect-spec: 

cgl5307891, cg!8866529, cg27084903. 

 

19. The methods of claims 1-18 wherein said genome wide DNA methylation maps derived from 

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

 

20. The methods of claims 1-18 wherein said “binary-categorical differentiation (BCD)” method 

includes use of one or more of the following: Illumina 27K, 450K or EPIC arrays, genome wide 

bisulfite sequencing, methylated DNA Immunoprecipitation (MeDIP) sequencing and 

hybridization with oligonucleotide arrays. 

 

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. 
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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. 

 

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. 
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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. 

 

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. 
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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. 

 

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. 

 

4121. The methods of claims 1-21 18 further comprising the step of using DNA  

pyrosequencing methylation assays for predicting cancer by using DNA methylation combination 

of two or more CG IDs. 

 

4222. The methods of claims 1 -21 18 further comprising the step of using multiplexed 

amplification targeted bisulfite sequencing on a next generation sequencer such as the Illumina 

MiSeq for detecting cancer. 

 

4323. The methods of claims 1-21 18 further comprising the step of using a  

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

 

4424. The methods of claims 1 -21 18 further comprising the step of using a multivariate linear 

regression equation for calculating a methylation score to predict cancer. 

 

4525. The methods of claims 1-21 18 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 of two or more CG IDs. 

 

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 
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other normal tissues and blood DNA, such as Illumina 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 

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 Illumina 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 Illumina 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. 

 


