


[0004] 	Further, studying the size profile of tumor-derived DNA in the plasma of the HCC patients is a 

challenging endeavor because tumor-derived plasma DNA cannot be readily distinguished from the non-

tumor-derived background DNA in plasma. The detection of cancer-specific mutations offers a genotypic 

means to distinguish the tumoral from the non-tumoral plasma DNA. However, there are relatively few 

5 cancer-specific mutations across the genome (29-32). Accordingly, it can be difficult to accurately 

identify tumor-derived DNA in plasma, particularly for the purpose of generating a broad, detailed and 

yet cost-effective view of the size distribution of tumor-derived DNA. 

[0005] 	Such difficulties provide obstacles in obtaining accurate measurements in samples possibly 

containing mixtures of tumoral and non-tumoral DNA. 

10 SUMMARY 

[0006] 	Disclosed herein are systems and methods for determining whether regions exhibit an 

aberration (e.g., an amplification or a deletion), which may be associated with cancer. For example, 

examples can identify a region as possibly having an aberration using a count-based analysis and confirm 

whether the region does have the aberration using a size-based analysis. 

15 [0007] 	In other examples, regions that exhibit an aberration can be compared to reference patterns that 

correspond to known types of cancer. A type of cancer can be identified when a sufficient number of 

regions have a matching aberration. Such matching regions can further be identified as related to the 

cancer for the analysis of tumor DNA, e.g., for a size analysis. 

[0008] 	In yet other examples, a size analysis of DNA fragments in a sample (e.g., a mixture possibly 

20 containing both tumor and non-tumor DNA) can depend on a measured fraction of tumor DNA in the 

sample. For example, longer DNA fragments than healthy controls can indicate an early stage cancer for 

low tumor DNA fraction, and shorter DNA fragments than healthy controls can indicate a later stage 

cancer for higher tumor DNA fraction. 

[0009] 	Other examples are directed to systems and computer readable media associated with methods 

25 described herein. In one aspect, the present invention refers to a method of analyzing a biological sample 

of an organism, the biological sample including nucleic acid molecules originating from normal cells and 

potentially from cells associated with cancer, wherein at least some of the nucleic acid molecules are cell-

free in the biological sample, the method comprising: identifying a plurality of chromosomal regions of 

the organism, each chromosomal region including a plurality of loci; for each of a plurality of the nucleic 

30 acid molecules in the biological sample: measuring a size of the nucleic acid molecule; and identifying a 

location of the nucleic acid molecule in a reference genome of the organism; for each of the plurality of 

chromosomal regions: identifying a respective group of nucleic acid molecules as being from the 
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chromosomal region based on the identified locations, the respective group including at least one nucleic 

acid molecule located at each of the plurality of loci of the chromosomal region; calculating, with a 

computer system, a respective amount of the respective group of nucleic acid molecules; and comparing 

the respective amount to a count reference value to determine a count classification of whether the 

5 chromosomal region exhibits an aberration, the count classification for a first chromosomal region of the 

plurality of chromosomal regions indicating a first aberration; identifying a first group of nucleic acid 

molecules as being from the first chromosomal region based on the identified locations; calculating, with 

a computer system, a first statistical value of a first size distribution of the first group of nucleic acid 

molecules; and comparing the first statistical value to a size reference value to determine a size 

10 classification of whether the first chromosomal region exhibits the first aberration; and determining a final 

classification of whether the first chromosomal region exhibits the first aberration using the count 

classification and the size classification of the first chromosomal region. In another example, the present 

invention refers to a method of analyzing a biological sample of an organism, the biological sample 

including nucleic acid molecules originating from noinial cells and potentially from cells associated with 

15 cancer, wherein at least some of the nucleic acid molecules are cell-free in the biological sample, the 

method comprising: for each of a plurality of the nucleic acid molecules in the biological sample: 

measuring a size of the nucleic acid molecule; identifying a location of the nucleic acid molecule in a 

reference genome of the organism; identifying a first group of nucleic acid molecules as being from a first 

chromosomal region based on the identified locations, the first chromosomal region including a plurality 

20 of first loci; calculating, with a computer system, a first statistical value of a size distribution of the first 

group of nucleic acid molecules, wherein the first statistical value is determined by computing an area 

under a first curve at a specified size, the first curve being a plot of cumulative frequency of nucleic acid 

molecules for the first chromosomal region over a range of sizes; and comparing the first statistical value 

to a first reference value to determine a classification of whether the first chromosomal region exhibits an 
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aberration, wherein: the first reference value is a statistical value of a size distribution of a second group 

of nucleic acid molecules of a second chromosomal region, and the first reference value is determined by 

computing an area under a second curve at the specified size, the second curve being a plot of cumulative 

frequency of nucleic acid molecules for the second chromosomal region over the range of sizes. In a 

further aspect, the present invention refers to a method of analyzing a biological sample of an organism, 

the biological sample including nucleic acid molecules originating from normal cells and potentially from 

cells associated with cancer, wherein at least some of the nucleic acid molecules are cell-free in the 

biological sample, the method comprising: identifying a plurality of chromosomal regions of the 

organism, each chromosomal region including a plurality of loci, wherein the plurality of chromosomal 

regions are subchromosomal; for each of a plurality of nucleic acid molecules in the biological sample of 
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the organism: identifying a location of the nucleic acid molecule in a reference genome of the organism; 

for each of the plurality of chromosomal regions: identifying a respective group of nucleic acid molecules 

as being from the chromosomal region based on the identified locations, the respective group including at 

least one nucleic acid molecule located at each of the plurality of loci of the chromosomal region; 

5 calculating, with a computer system, a respective value of the respective group of nucleic acid molecules, 

the respective value defining a property of the nucleic acid molecules of the respective group; and 

comparing the respective value to a respective reference value to determine a classification of whether the 

chromosomal region exhibits a deletion or an amplification; and determining a test pattern of the 

chromosomal regions that exhibit a deletion or amplification, the test pattern including: a set of the 

10 chromosomal regions that exhibit a deletion or amplification; a first subset of the set that exhibit an 

amplification; and a second subset of the set that exhibit a deletion; comparing the test pattern to a 

plurality of reference patterns of different types of cancer; based on the comparison, determining a first 

amount of regions of the test pattern that exhibit a same deletion or amplification as a first reference 

pattern corresponding to a first type of cancer; and comparing the first amount to a first threshold to 

15 determine a first classification of whether the biological sample exhibits the first type of cancer. In a 

further aspect, the present invention refers to a method of analyzing a biological sample of an organism, 

the biological sample including nucleic acid molecules originating from normal cells and from cells 

associated with cancer, wherein at least some of the nucleic acid molecules are cell-free in the biological 

sample, the method comprising: for each of a plurality of the nucleic acid molecules in the biological 

20 sample: measuring a size of the nucleic acid molecule; identifying a location of the nucleic acid molecule 

in a reference genome of the organism; identifying a first group of nucleic acid molecules as being from a 

first chromosomal region based on the identified locations, the first chromosomal region including a 

plurality of first loci; calculating, with a computer system, a first statistical value of a size distribution of 

the first group of nucleic acid molecules; measuring a fraction of nucleic acid molecules originating from 

25 cells associated with cancer; selecting a first reference value based on the measured fraction; comparing 

the first statistical value to the first reference value to determine a stage of cancer of the biological 

sample. In another aspect, the present invention refers to a computer product comprising a computer 

readable medium storing a plurality of instructions for controlling a computer system to perform an 

operation of any of the methods disclosed herein. In yet another aspect, the present invention refers to a 

30 system comprising the computer product as disclosed herein; and one or more processors for executing 

instructions stored on the computer readable medium. In one aspect, the present invention refers to a 

system comprising means for performing any of the methods disclosed herein. In another aspect, the 

present invention refers to a system configured to perform any of the methods disclosed herein. In a 
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further aspect, 

steps of any of 

the 

the 

present invention refers to a 

methods disclosed herein. 

system comprising modules that respectively perform the 
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