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What is claimed is: 

 

1. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

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

(spec) comprising a step (a) consisting 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 HCC Liver cancer and all normal 

tissues notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell-free plasma DNA derived from a 

patient, wherein the tables are the following: 

 

. 

 

2. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting lung 

cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) consisting 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 
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categorically different between lung cancer and all normal tissues notwithstanding the amount of 

normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in from the following tables 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 a tumor in cell-free plasma DNA 

derived from a patient, wherein the tables are the following: 

 

 

. 

 

3. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

prostate cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 prostate cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell-free plasma DNA derived from a 

patient, wherein the tables are the following: 
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. 

 

4. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

breast cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 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 breast cancer and all normal tissues notwithstanding the amount of 

normal DNA; and 

a step (b) of measuring DNA methylation levels of one or more of the CG IDs obtained from step (a) 

and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

 

. 

 

5. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

colorectal cancer (CRC) (detect) and for differentiating from other tumors (spec) comprising a step 

(a) of deriving said “binary” DNA methylation signature by using a “binary-categorical differentiation 
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(BCD)” method from genome wide DNA methylation maps to discover regions that are binary and 

categorically different between colorectal cancer and all normal tissues notwithstanding the 

amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

6. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

pancreatic cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 pancreatic cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor cell free DNA derived from a patient, 

wherein the tables are: 



 

85 
 

 

. 

 

7. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting brain 

cancer (glioblastoma) (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 brain cancer (glioblastoma) and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

8. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

gastric (stomach) cancer (detect) and for differentiating from other tumors (spec) comprising a step 
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(a) consisting 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 gastric (stomach) cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

9. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

ovarian cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 ovarian cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 
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. 

 

10. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

cervical cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 cervical cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

11. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

head and neck squamous cell carcinoma (detect) and for differentiating from other tumors (spec) 
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comprising a step (a) consisting 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 head and neck squamous cell 

carcinoma and all normal tissues notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, wherein the 

tables are the following: 

 

. 

 

12. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

esophageal carcinoma (detect) and for differentiating from other tumors (spec) comprising a step 

(a) consisting 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 esophageal carcinoma and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 
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. 

 

13. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

bladder cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 bladder cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 
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14. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

renal (kidney) cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 renal (kidney) cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

15. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

testicular cancer (detect) and for differentiating from other tumors (spec) comprising a step (a) 

consisting 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 testicular cancer and all normal tissues 

notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 
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. 

 

16. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 13 

common solid tumors, the 13 common solid tumors being bladder cancer, brain cancer, breast 

cancer, cervical cancer, colorectal cancer CRC, esophageal cancer, head and neck squamous cell 

carcinoma, liver cancer, lung cancer, ovarian cancer, pancreatic cancer, prostate cancer, and 

stomach cancer, comprising a step (a) consisting 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 the 13 

common solid tumors and all normal tissues notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

17. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

acute myeloid leukemia (AML) comprising a step (a) consisting of deriving said “binary” DNA 

methylation signature by using a “binary-categorical differentiation (BCD)” method from genome 
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wide DNA methylation maps to discover regions that are binary and categorically different between 

acute myeloid leukemia (AML) and all normal tissues notwithstanding the amount of normal DNA; 

and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a patient, 

wherein the tables are the following: 

 

. 

 

18. A method of using a “binary-categorical ”DNA methylation signature of cancer for detecting 

melanoma comprising a step (a) consisting 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 melanoma and all 

normal tissues notwithstanding the amount of normal DNA; and 

a step (b) consisting of measuring DNA methylation levels of one or more of the CG IDs obtained 

from step (a) and as set forth in the following tables 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 a tumor in cell free DNA derived from a 

patient, wherein the tables are the following: 

 

. 
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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. 

 

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

methylation assays for predicting cancer by using DNA methylation combination of two or more CG 

IDs. 

 

22. The methods of claims 1 -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. 

 

23. The methods of claims 1-18 further comprising the step of calculating a methylation score for 

predicting cancer. 

 

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

equation for calculating a methylation score to predict cancer. 

 

25. The methods of claims 1-18 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. 

 

 


