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Paradigm Shift

Single Site
Excludes most cancers

Combined compliance less than 10%
Multiple modalities

Multi-Cancer
Inclusive

Better compliance - Efficient
Single modality



Liquid Biopsy –
Opportunity to Develop a Screening Test that:

Is minimally-invasive
Should have high 
compliance
Should be able to reach 
many demographics –
access
Can utilize Aggregate 
Prevalence



Challenges to Early Detection
• Social – Society and individuals tend to give priority to reactive rather than 

proactive solutions.

• Psychological – Communication of a result is important:
• Positive - Anxiety or even depression upon delivering test results. 
• Negative result - Individuals should not made believe that they are at zero risk.

• Technical – Characteristics of the test; Location of the cancer

• Overdiagnosis – leading to Overtreatment and unnecessary follow ups –
risk/benefit 

• Cancers are missed – individuals that present with advanced disease  - risk 
due to underdiagnosis

• Economical – Needs to be cost effective to administer across the 
population.

• Practical – Needs to be readily deliverable across the population.



What can be detected

Bettegowda et al.
Sci Transl Med. 2014 Feb 19;6(224):224ra24.
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What can be detected

Bettegowda et al.
Sci Transl Med. 2014 Feb 19;6(224):224ra24.
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What can be detected

Bettegowda et al.
Sci Transl Med. 2014 Feb 19;6(224):224ra24.
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Detection of cancers in Plasma



ctDNA versus Stage

Bettegowda et al.
Sci Transl Med. 2014

Limited Molecules



• The detection of early stage disease is not as sensitive 
as detection of late stage disease
• Biology plays a role

• Needle in the haystack
• No shedding from the tumor

• Should we detecting these tumors?

• Detection of precancerous lesions is very low
• Unintendedly reduction of overdiagnosis?

What can NOT be detected



Distinguishing Cancer from Non-cancer

DNA Mutations DNA Copy Number

DNA Methylation

DNA Size

Transcripts

Proteins Exosomes

Metabolites Cells



Increase Sensitivity



Combination of Markers



Combination of Markers



Combination of Markers

Cohen et al., Science , 2018



Cancer BioMarkers



Cancer BioMarkers
• Not Cancer type specific

• Can design small panels that 
detect many tumor types

• Favors Universal Screening

• Need for markers to distinguish 
non-life threatening from life 
threatening lesions



Blood-based detection of mutant DNA 
is fundamentally cancer agnostic
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Sheet1

		Tissue		Point Mutations				Copy Number Variation				Gene Expression				Methylation				Point Mutations

				% Mutated		Tested		Variant %		Tested		% Regulated		Tested		% Diff. Methylated		Tested		# mutated		tested		% mutated						Organ		% mutated		cancer frequency		fraction of cancers		#		%				In panel		Organ		% mutated		cancer frequency		fraction of cancers		#		%

		Adrenal gland				1332				268				79				-		1		1332		0.08%						Adrenal gland		0.08%				0		0		0				x		Breast		0.0126297362		268670		0.2000506325		3393.2312117044		0.0025265867

		Autonomic ganglia				1551				-				-				-		1		1551		0.06%						Autonomic ganglia		0.06%				0		0		0				x		Lung		0.1647788095		234000		0.174235486		38558.2414299584		0.028710316

		Biliary tract				3953				-				-				-		826		3953		20.90%						Biliary tract		20.90%				0		0		0				x		Large intestine		0.3305573265		140250		0.1044296022		46360.6650462225		0.0345199701

		Bone				1151				-				-				-		12		1151		1.04%						Bone		1.04%		3450		0.0025688565		35.9687228497		0.0000267822				x		Pancreas		0.5767223382		55440		0.0412804074		31973.4864300626		0.0238073331

		Breast				7997				1544				1104				-		101		7997		1.26%						Breast		1.26%		268670		0.2000506325		3393.2312117044		0.0025265867				x		Liver		0.0202267852		42220		0.0314368471		853.9748697518		0.0006358664

		Central nervous system				4425				1093				697				-		38		4425		0.86%						Central nervous system		0.86%				0		0		0				x		Stomach		0.0573226145		26240		0.0195382015		1504.145403705		0.0011199808

		Cervix				1302				313				307				-		83		1302		6.37%						Cervix		6.37%		13240		0.0098584523		844.024577573		0.0006284574				x		Ovary		0.1316605166		22240		0.0165598171		2928.1298892989		0.0021802741

		Endometrium				4380				598				602				-		650		4380		14.84%						Endometrium		14.84%				0		0		0				x		Oesophagus		0.0161025304		17290		0.0128740665		278.4127505751		0.000207305

		Eye				459				-				-				-		4		459		0.87%						Eye		0.87%				0		0		0						Prostate		0.0250417362		164690		0.1226275307		4124.123539232		0.0030708063

		Fallopian tube				7				-				-				-		0		7		0.00%						Fallopian tube		0.00%				0		0		0						Haematopoietic and lymphoid		0.0527679025		134980		0.1005055807		7122.6114779076		0.0053034687

		Female genital tract (site indeterminate)				2				-				-				-		0		2		0.00%						Female genital tract (site indeterminate)		0.00%				0		0		0						Urinary tract		0.0568807339		81190		0.0604537569		4618.1467889908		0.0034386541

		Gastrointestinal tract (site indeterminate)				1083				-				-				-		70		1083		6.46%						Gastrointestinal tract (site indeterminate)		6.46%				0		0		0						Kidney		0.0081868529		65340		0.0486519088		534.9289670118		0.000398306

		Genital tract				350				-				-				-		37		350		10.57%						Genital tract		10.57%				0		0		0						Thyroid		0.0204705446		53990		0.0402007431		1105.2047054465		0.0008229311

		Haematopoietic and lymphoid				19690				835				221				-		1039		19690		5.28%						Haematopoietic and lymphoid		5.28%		134980		0.1005055807		7122.6114779076		0.0053034687						Cervix		0.0637480799		13240		0.0098584523		844.024577573		0.0006284574

		Kidney				4153				1027				600				-		34		4153		0.82%						Kidney		0.82%		65340		0.0486519088		534.9289670118		0.000398306						Small intestine		0.2549019608		10470		0.0077959211		2668.8235294118		0.0019871956

		Large intestine				75288				771				610				-		24887		75288		33.06%						Large intestine		33.06%		140250		0.1044296022		46360.6650462225		0.0345199701						Testis		0.0452538631		9310		0.0069321896		421.3134657837		0.0003137084

		Liver				3263				692				373				-		66		3263		2.02%						Liver		2.02%		42220		0.0314368471		853.9748697518		0.0006358664						Bone		0.0104257168		3450		0.0025688565		35.9687228497		0.0000267822

		Lung				40169				1185				1019				-		6619		40169		16.48%						Lung		16.48%		234000		0.174235486		38558.2414299584		0.028710316										total		sum		total:		sum

		Meninges				233				-				-				-		0		233		0.00%						Meninges		0.00%				0		0		0										1343010		1		147325.432805486		0.1096979418

		Midline organs				1				-				-				-		0		1		0.00%						Midline organs		0.00%				0		0		0

		NS				1772				-				-				-		110		1772		6.21%						NS		6.21%				0		0		0

		Oesophagus				3043				546				125				-		49		3043		1.61%						Oesophagus		1.61%		17290		0.0128740665		278.4127505751		0.000207305

		Ovary				6775				729				266				-		892		6775		13.17%						Ovary		13.17%		22240		0.0165598171		2928.1298892989		0.0021802741

		Pancreas				11496				929				179				-		6630		11496		57.67%						Pancreas		57.67%		55440		0.0412804074		31973.4864300626		0.0238073331

		Paratesticular tissues				1				-				-				-		0		1		0.00%						Paratesticular tissues		0.00%				0		0		0

		Parathyroid				136				-				-				-		0		136		0.00%						Parathyroid		0.00%				0		0		0

		Penis				112				-				-				-		9		112		8.04%						Penis		8.04%				0		0		0

		Pericardium				3				-				-				-		0		3		0.00%						Pericardium		0.00%				0		0		0

		Perineum				2				-				-				-		0		2		0.00%						Perineum		0.00%				0		0		0

		Peritoneum				359				-				-				-		168		359		46.80%						Peritoneum		46.80%				0		0		0

		Pituitary				360				-				-				-		0		360		0.00%						Pituitary		0.00%				0		0		0

		Placenta				14				-				-				-		0		14		0.00%						Placenta		0.00%				0		0		0

		Pleura				616				108				-				-		5		616		0.81%						Pleura		0.81%				0		0		0

		Prostate				4193				1037				498				-		105		4193		2.50%						Prostate		2.50%		164690		0.1226275307		4124.123539232		0.0030708063

		Salivary gland				677				-				-				-		12		677		1.77%						Salivary gland		1.77%				0		0		0

		Skin				5534				650				473				-		149		5534		2.69%						Skin		2.69%				0		0		0

		Small intestine				1020				-				-				-		260		1020		25.49%						Small intestine		25.49%		10470		0.0077959211		2668.8235294118		0.0019871956

		Soft tissue				3836				286				263				-		110		3836		2.87%						Soft tissue		2.87%				0		0		0

		Stomach				5722				501				285				-		328		5722		5.73%						Stomach		5.73%		26240		0.0195382015		1504.145403705		0.0011199808

		Testis				906				152				-				-		41		906		4.53%						Testis		4.53%		9310		0.0069321896		421.3134657837		0.0003137084

		Thymus				573				-				-				-		9		573		1.57%						Thymus		1.57%				0		0		0

		Thyroid				10796				-				513				-		221		10796		2.05%						Thyroid		2.05%		53990		0.0402007431		1105.2047054465		0.0008229311

		Upper aerodigestive tract				4908				563				522				-		94		4908		1.92%						Upper aerodigestive tract		1.92%				0		0		0

		Urinary tract				2725				419				408				-		155		2725		5.69%						Urinary tract		5.69%		81190		0.0604537569		4618.1467889908		0.0034386541

		Vagina				6				-				-				-		0		6		0.00%						Vagina		0.00%				0		0		0

		Vulva				199				-				-				-		2		199		1.01%						Vulva		1.01%				0		0		0

																																		total		sum		total:		sum

																																		1343010		1		147325.432805486		0.1096979418
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PTEN

		Project		Disease Type		Site		# Affected Cases		# Mutations		Cancer		Percent with mutation

		TCGA-UCEC		â–¾ 4 Disease Types		â–¾ 2 Disease Types		352 / 530 (66.42%)		418		Endometrium (carcinoma)		66%

		TCGA-GBM		â–¾ 2 Disease Types		Brain		137 / 393 (34.86%)		112		Brain		35%

		TCGA-UCS		Complex Mixed and Stromal Neoplasms		Uterus, NOS		11 / 57 (19.30%)		19		Endometrium (mixed and stromal)		19%

		TCGA-LUSC		Squamous Cell Neoplasms		Bronchus and lung		62 / 495 (12.53%)		58		Lung (squamous)		13%

		TCGA-CESC		â–¾ 4 Disease Types		Cervix uteri		35 / 289 (12.11%)		49		Cervix		12%

		TCGA-STAD		â–¾ 2 Disease Types		Stomach		48 / 440 (10.91%)		38		Stomach		11%

		TCGA-COAD		â–¾ 4 Disease Types		â–¾ 2 Disease Types		43 / 400 (10.75%)		41		Colon (adenocarcinoma)		11%

		TCGA-SKCM		Nevi and Melanomas		Skin		47 / 469 (10.02%)		44		Skin (melanoma)		10%

		TCGA-KICH		Adenomas and Adenocarcinomas		Kidney		6 / 66 (9.09%)		6		Kidney (adenomacarcinoma)		9%

		TCGA-BRCA		â–¾ 9 Disease Types		Breast		68 / 986 (6.90%)		66		Breast		7%

		TCGA-READ		â–¾ 2 Disease Types		â–¾ 5 Disease Types		9 / 137 (6.57%)		10		Rectal (adenocarcinoma)		7%

		TCGA-ESCA		â–¾ 3 Disease Types		â–¾ 2 Disease Types		11 / 184 (5.98%)		15		Esophagus (carcinoma)		6%

		TCGA-LGG		Gliomas		Brain		30 / 510 (5.88%)		28		Brain (glioma)		6%

		TCGA-DLBC		â–¾ 2 Disease Types		â–¾ 14 Disease Types		2 / 37 (5.41%)		2		Lymphoma (B-cell)		5%

		TCGA-SARC		â–¾ 6 Disease Types		â–¾ 13 Disease Types		12 / 237 (5.06%)		10		Sarcoma		5%

		TCGA-KIRC		Adenomas and Adenocarcinomas		Kidney		16 / 336 (4.76%)		17

		TCGA-BLCA		â–¾ 4 Disease Types		Bladder		18 / 412 (4.37%)		18

		TCGA-LIHC		Adenomas and Adenocarcinomas		Liver and intrahepatic bile ducts		15 / 364 (4.12%)		14

		TCGA-CHOL		Adenomas and Adenocarcinomas		â–¾ 3 Disease Types		2 / 51 (3.92%)		3

		TCGA-MESO		Mesothelial Neoplasms		â–¾ 2 Disease Types		3 / 82 (3.66%)		3

		TCGA-PRAD		â–¾ 3 Disease Types		Prostate gland		18 / 498 (3.61%)		17

		TCGA-KIRP		Adenomas and Adenocarcinomas		Kidney		10 / 281 (3.56%)		12		Kidney (adenocarcinoma)

		TCGA-HNSC		Squamous Cell Neoplasms		â–¾ 13 Disease Types		17 / 508 (3.35%)		16

		TCGA-LUAD		â–¾ 3 Disease Types		Bronchus and lung		14 / 567 (2.47%)		14		Lung (adenocarcinoma)

		TCGA-OV		â–¾ 2 Disease Types		Ovary		10 / 436 (2.29%)		11		Ovary

		TCGA-THYM		Thymic Epithelial Neoplasms		â–¾ 2 Disease Types		2 / 123 (1.63%)		2

		TCGA-PCPG		Paragangliomas and Glomus Tumors		â–¾ 7 Disease Types		2 / 179 (1.12%)		1

		TCGA-PAAD		â–¾ 4 Disease Types		Pancreas		2 / 182 (1.10%)		1

		TCGA-THCA		â–¾ 2 Disease Types		Thyroid gland		3 / 492 (0.61%)		4

				PTEN

				https://portal.gdc.cancer.gov/genes/ENSG00000171862?canDistTable_size=80
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		Project		Disease Type		Site		# Affected Cases		# Mutations		Cancer		Percent with mutation

		TCGA-UCS		Complex Mixed and Stromal Neoplasms		Uterus, NOS		53 / 57 (92.98%)		47		Uterus (stromal)		93%

		TCGA-OV		â–¾ 2 Disease Types		Ovary		399 / 436 (91.51%)		248		Ovary		92%

		TCGA-LUSC		Squamous Cell Neoplasms		Bronchus and lung		432 / 495 (87.27%)		292		Lung (squamous)		87%

		TCGA-ESCA		â–¾ 3 Disease Types		â–¾ 2 Disease Types		159 / 184 (86.41%)		124		Esophagus/stomach		86%

		TCGA-READ		â–¾ 2 Disease Types		â–¾ 5 Disease Types		113 / 137 (82.48%)		74		Kidney (adenocarcinoma)		82%

		TCGA-HNSC		Squamous Cell Neoplasms		â–¾ 13 Disease Types		371 / 508 (73.03%)		293		Head and neck (sqaumous)		73%

		TCGA-PAAD		â–¾ 4 Disease Types		Pancreas		114 / 182 (62.64%)		91		Pancreas		63%

		TCGA-COAD		â–¾ 4 Disease Types		â–¾ 2 Disease Types		233 / 400 (58.25%)		142		Colon (adenocarcinoma)		58%

		TCGA-LUAD		â–¾ 3 Disease Types		Bronchus and lung		299 / 567 (52.73%)		223		Lung (adenocarcinoma)		53%

		TCGA-BLCA		â–¾ 4 Disease Types		Bladder		205 / 412 (49.76%)		152		Bladder		50%

		TCGA-STAD		â–¾ 2 Disease Types		Stomach		218 / 440 (49.55%)		157		Stomach		50%

		TCGA-LGG		Gliomas		Brain		245 / 510 (48.04%)		177		Brain (glioma)		48%

		TCGA-UCEC		â–¾ 4 Disease Types		â–¾ 2 Disease Types		214 / 530 (40.38%)		160		Uterus (adenocarcinoma)		40%

		TCGA-SARC		â–¾ 6 Disease Types		â–¾ 13 Disease Types		93 / 237 (39.24%)		87		Sarcoma		39%

		TCGA-BRCA		â–¾ 9 Disease Types		Breast		360 / 986 (36.51%)		240		Breast		37%

		TCGA-KICH		Adenomas and Adenocarcinomas		Kidney		21 / 66 (31.82%)		22		Kidney (adenocarcinoma)		32%

		TCGA-LIHC		Adenomas and Adenocarcinomas		Liver and intrahepatic bile ducts		115 / 364 (31.59%)		96		Liver		32%

		TCGA-GBM		â–¾ 2 Disease Types		Brain		124 / 393 (31.55%)		100		Brain (glioblastoma)		32%

		TCGA-ACC		Adenomas and Adenocarcinomas		Adrenal gland		18 / 92 (19.57%)		20		Adrenal gland (adenocarcinoma)		20%

		TCGA-MESO		Mesothelial Neoplasms		â–¾ 2 Disease Types		14 / 82 (17.07%)		14		Mesothelial		17%

		TCGA-SKCM		Nevi and Melanomas		Skin		75 / 469 (15.99%)		68		Skin		16%

		TCGA-DLBC		â–¾ 2 Disease Types		â–¾ 14 Disease Types		5 / 37 (13.51%)		5		Lymphoma (B-cell)		14%

		TCGA-PRAD		â–¾ 3 Disease Types		Prostate gland		60 / 498 (12.05%)		51		Prostate		12%

		TCGA-LAML		Myeloid Leukemias		Hematopoietic and reticuloendothelial systems		15 / 144 (10.42%)		18		Myeloid leukemia		10%

		TCGA-CHOL		Adenomas and Adenocarcinomas		â–¾ 3 Disease Types		5 / 51 (9.80%)		6		Gallbladder		10%

		TCGA-CESC		â–¾ 4 Disease Types		Cervix uteri		24 / 289 (8.30%)		30		Cervix		8%

		TCGA-THYM		Thymic Epithelial Neoplasms		â–¾ 2 Disease Types		4 / 123 (3.25%)		4

		TCGA-KIRC		Adenomas and Adenocarcinomas		Kidney		9 / 336 (2.68%)		10

		TCGA-KIRP		Adenomas and Adenocarcinomas		Kidney		6 / 281 (2.14%)		6

		TCGA-TGCT		Germ Cell Neoplasms		Testis		1 / 145 (0.69%)		1

		TCGA-THCA		â–¾ 2 Disease Types		Thyroid gland		3 / 492 (0.61%)		3

		TCGA-PCPG		Paragangliomas and Glomus Tumors		â–¾ 7 Disease Types		1 / 179 (0.56%)		1

				4008

				10202

				Percent of all cancers with mutant TP53

		TP53 mutant		0.3928641443

		TP53 WT		0.6071358557
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		Project		Disease Type		Site		# Affected Cases		# Mutations		Cancer		Percent with mutation

		TCGA-PAAD		â–¾ 4 Disease Types		Pancreas		137 / 182 (75.27%)		13		Pancreas		75.27%

		TCGA-COAD		â–¾ 4 Disease Types		â–¾ 2 Disease Types		174 / 400 (43.50%)		33		Colon (adenocarcinoma)		43.50%

		TCGA-READ		â–¾ 2 Disease Types		â–¾ 5 Disease Types		57 / 137 (41.61%)		14		Rectum (adenocarcinoma)		41.61%

		TCGA-LUAD		â–¾ 3 Disease Types		Bronchus and lung		158 / 567 (27.87%)		15		Lung (adenocarcinoma)		27.87%

		TCGA-UCEC		â–¾ 4 Disease Types		â–¾ 2 Disease Types		133 / 530 (25.09%)		74		Uterus (adenocarcinoma)		25.09%

		TCGA-UCS		Complex Mixed and Stromal Neoplasms		Uterus, NOS		7 / 57 (12.28%)		4		Uterus (stromal)		12.28%

		TCGA-STAD		â–¾ 2 Disease Types		Stomach		40 / 440 (9.09%)		10		Stomach		9.09%

		TCGA-TGCT		Germ Cell Neoplasms		Testis		13 / 145 (8.97%)		9		Testis		8.97%

		TCGA-CESC		â–¾ 4 Disease Types		Cervix uteri		23 / 289 (7.96%)		15		Cervix		7.96%

		TCGA-CHOL		Adenomas and Adenocarcinomas		â–¾ 3 Disease Types		3 / 51 (5.88%)		4		Gallbladder		5.88%

		TCGA-DLBC		â–¾ 2 Disease Types		â–¾ 14 Disease Types		2 / 37 (5.41%)		2		Lymphoma (B-cell)		5.41%

		TCGA-LAML		Myeloid Leukemias		Hematopoietic and reticuloendothelial systems		7 / 144 (4.86%)		6		Myeloid leukemia		4.86%

		TCGA-BLCA		â–¾ 4 Disease Types		Bladder		17 / 412 (4.13%)		9		Bladder		4.13%

		TCGA-SKCM		Nevi and Melanomas		Skin		11 / 469 (2.35%)		12		Skin		2.35%

		TCGA-LUSC		Squamous Cell Neoplasms		Bronchus and lung		9 / 495 (1.82%)		9		Lung (squamous)		1.82%

		TCGA-KIRP		Adenomas and Adenocarcinomas		Kidney		5 / 281 (1.78%)		2		Kidney (adenocarcinoma)		1.78%

		TCGA-LIHC		Adenomas and Adenocarcinomas		Liver and intrahepatic bile ducts		6 / 364 (1.65%)		5		Liver		1.65%

		TCGA-ESCA		â–¾ 3 Disease Types		â–¾ 2 Disease Types		3 / 184 (1.63%)		2		Esophagus/stomach		1.63%

		TCGA-OV		â–¾ 2 Disease Types		Ovary		6 / 436 (1.38%)		3		Ovary		1.38%

		TCGA-SARC		â–¾ 6 Disease Types		â–¾ 13 Disease Types		3 / 237 (1.27%)		5		Sarcoma		1.27%

		TCGA-MESO		Mesothelial Neoplasms		â–¾ 2 Disease Types		1 / 82 (1.22%)		1		Mesothelial		1.22%

		TCGA-BRCA		â–¾ 9 Disease Types		Breast		9 / 986 (0.91%)		7		Breast		0.91%

		TCGA-THCA		â–¾ 2 Disease Types		Thyroid gland		4 / 492 (0.81%)		4				0.81%

		TCGA-THYM		Thymic Epithelial Neoplasms		â–¾ 2 Disease Types		1 / 123 (0.81%)		1				0.81%

		TCGA-LGG		Gliomas		Brain		3 / 510 (0.59%)		4		Brain (glioma)		0.59%

		TCGA-GBM		â–¾ 2 Disease Types		Brain		2 / 393 (0.51%)		1		Brain (glioblastoma)		0.51%

		TCGA-PRAD		â–¾ 3 Disease Types		Prostate gland		2 / 498 (0.40%)		2		Prostate		0.40%

		TCGA-HNSC		Squamous Cell Neoplasms		â–¾ 13 Disease Types		2 / 508 (0.39%)		2		Head and neck (sqaumous)		0.39%

		TCGA-KIRC		Adenomas and Adenocarcinomas		Kidney		1 / 336 (0.30%)		1		Kidney (adenocarcinoma)		0.30%
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		KRAS mutant		0.0822387767
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		Project		Cancer

		TCGA-ACC		Adrenal gland (adenocarcinoma)

		TCGA-BLCA		Bladder

		TCGA-BRCA		Breast

		TCGA-CESC		Cervix

		TCGA-CHOL		Gallbladder

		TCGA-COAD		Colon (adenocarcinoma)

		TCGA-DLBC		Lymphoma (B-cell)

		TCGA-ESCA		Esophagus/stomach

		TCGA-GBM		Brain (glioblastoma)

		TCGA-HNSC		Head and neck (sqaumous)

		TCGA-KICH		Kidney (adenocarcinoma)

		TCGA-KIRC

		TCGA-KIRP

		TCGA-LAML		Myeloid leukemia

		TCGA-LGG		Brain (glioma)

		TCGA-LIHC		Liver

		TCGA-LUAD		Lung (adenocarcinoma)

		TCGA-LUSC		Lung (squamous)

		TCGA-MESO		Mesothelial

		TCGA-OV		Ovary

		TCGA-PAAD		Pancreas

		TCGA-PCPG

		TCGA-PRAD		Prostate

		TCGA-READ		Kidney (adenocarcinoma)

		TCGA-SARC		Sarcoma

		TCGA-SKCM		Skin

		TCGA-STAD		Stomach

		TCGA-TGCT

		TCGA-THCA

		TCGA-THYM

		TCGA-UCEC		Uterus (adenocarcinoma)

		TCGA-UCS		Uterus (stromal)







Cancer BioMarkers
• Not Cancer type specific

• Can design small panels that 
detect many tumor types

• Favors Universal Screening

• Need for markers to distinguish 
non-life threatening from life 
threatening lesions

• Biological Background

• Clonal proliferation
• Other non-cancer conditions
• Age related presence of DNA 

alterations due to stochastic 
error



Test - Design
• Error-reducing technology
• Algorithms to discriminate technical background
• Pre-selected markers based on biology
• Algorithms to discriminate biological background
• Efficient Design
• Cost Effective
• Easy to implement



Test Performance

Prevalence will determine 
Predictive Values
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Concepts for Study Design for 
Multi-Cancer Tests
• Prospective studies on target population with RC arm – access clinical 

applicability

• Interventional studies to access risk vs benefit – focus on specificity at 
the expense of sensitivity…..at least initially

• Cumulative sensitivity and specificity – contribution to SOC screening

• Decrease the time frame for approval – fewer late stage cancers

• Real world evidence post approval to access clinical utility – reduction 
in mortality
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Huang et al. Nature 1–6, 2017 
doi:10.1038/nature22079SEER



Rational for Non-plasma based liquid 
biopsies 

• Advantages: 
• Provide opportunity for early detection of tumor-types not 

easily detectable in plasma
• Appropriate for special clinical applications and high risk groups

• Example: hematuria - urine

• Disadvantages:
• In some cases obtaining the fluid is more invasive
• Not universal
• Custom panel of analytes



Vision
• Prevent advanced tumors by integrating such tests as part 

of routine screening and management
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