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Blood	plasma	has	cell-free		
circula(ng	DNA	that	carries	soma(c	muta(ons	

Point mutations

Amplifications
Deletions

Rearrangements

Epigenetic changes
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Tumor-guided	analysis	 Tumor-independent	analysis	
TCCTCGGCGTTTCGCCAAGC 
TTCGCCAAGCCTAATCAGCA 
CTAATCAGCATCGGCGTTTC 
ACAGAACGAGGTTTCGCCAA 

Applica(ons	
Ø  Monitoring	tumor	burden	
Ø  Treatment	Response	
Ø  Residual	disease	
Ø  Recurrence	

Challenges	
Ø  Tumor	(ssue	sequencing	required	
Ø  Pa(ent-specific	assays	needed	
Ø  Turnaround	(me	

TCCTCGGCGTTTCGCCAAGC 
TTCGCCAAGCCTAATCAGCA 
CTAATCAGCATCGGCGTTTC 
ACAGAACGAGGTTTCGCCAA 

Applica(ons	
Ø  Noninvasive	tumor	genotyping	
Ø  Alterna(ve	to	re-biopsy	
Ø  Clonal	evolu(on	
Ø  Acquired	therapeu(c	resistance	

Challenges	
Ø  Variable	muta(on	signal	
Ø  Sequencing	noise	
Ø  Mul(ple	tes(ng	
Ø  Limited	input	material	

Panel	
Exome	
WGS	

Targeted	
Analysis		

Hotspot	

Panel	
Exome	
WGS	
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How	well	does	ctDNA	capture	tumor	
heterogeneity?	

Treatment-sensitive genotype
Treatment-resistance genotype
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How	concordant	is	plasma	with	tumor	analysis?	

•  Technical	factors	affec(ng	concordance	
•  Comparison	of	plasma	with	mul(-regional	sampling	
•  Clinical	implica(ons/opportuni(es	and	unanswered	
ques(ons	

Tumor	

+	 -	

Pl
as
m
a	 +	 +	 ?	

-	 ?	 -	
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Technical	factors	affec(ng	concordance:	limited	
analyte	

•  In	healthy	controls,	median	of	1500-1900	GEs/mL	plasma		
(5-7	ng/mL)	

Unpublished	and	Confiden(al	
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Technical	factors	affec(ng	concordance:	
sampling	inefficiency	

•  Liga(on-based	library	preps:	at	
best,	30%	efficient	at	
incorpora(ng	<10ng	DNA	input	

•  PCR	based	preps:	efficiency	is	a	
func(on	of	amplicon	size	
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Technical	factors	affec(ng	plasma-tumor	
concordance	

•  Pre-analy(cal	processing	
–  Delayed	processing	of	blood	leads	to	peripheral	cell	lysis,	lowering	

measurable	muta(on	frac(on	

•  Background	noise	in	the	assay	
–  Need	to	dis(nguish	signal	from	PCR	and	library	prep	noise	
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ctDNA	and	tumor	biopsy	concordance	in		
ovarian	cancer	

n=38	pa(ents	
Summary	of	results	
Plasma	samples	analyzed	 69	
Muta(ons	detected	by	digital	PCR	>2%	 47	
Muta(ons	detected	by	TAm-Seq	>2%	 46	
Missed	by	TAm-Seq	due	to	sampling	error	 1	
Sensi(vity	of	TAm-Seq	for	muta(ons	>2%	 97.5%	
Posi(ve	predic(ve	value	for	muta(ons	>2%	 97.5%	

Genes	

TP53	

PTEN	

EGFR	

PIK3CA	

KRAS	

BRAF	

Tumor-independent:	~1%	AF	
Tumor-guided:	~0.1%	AF	

Forshew,	Murtaza	and	Rosenfeld	et	al.	Science	Transla(onal	Medicine	2012	
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Intra-tumor	heterogeneity	in	ovarian	cancer	

Forshew,	Murtaza	and	Rosenfeld	et	al.	Science	Transla(onal	Medicine	2012	
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-	n=6	pa(ents	(advanced	breast,	ovarian	and	lung	cancers)	
-	2-5	plasma	sample	each	

Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	2013	

Exome-wide	comparison	between	ctDNA	and	
tumor	biopsies	

Tumor		
copy	

number	

Plasma	
copy	

number	

Plasma	
BAF	
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Comparison	of	tumor	and	plasma	exomes	

Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	2013	
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Primary	tumor	 Metasta(c	tumor	
and	plasma	

9	years	

151	single	nucleo(de	variants	
		-	62%	in	both	sets	
		-	21%	in	plasma	only	
		-	17%	in	mets	only	

64	SNVs	shared	with	primary	
		-	100%	detectable	in	plasma	
		-	89%	detectable	in	both	plasma		
				and	mets	
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Mul(-regional	and	longitudinal	sampling		
from	a	pa(ent	with	breast	cancer	
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Imaging
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Murtaza,	Dawson,	Rosenfeld,	Caldas	et	al.	Nature	Communica(ons.	2015	Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	Communica(ons	2015	
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Exome	and	deep	amplicon	sequencing	of	tumor	
and	plasma	samples	

Murtaza,	Dawson,	Rosenfeld,	Caldas	et	al.	Nature	Communica(ons	2015	and	Nature	2013	

x6	

x3	

Exome	Analysis	

Germline:	26x	
Tumor:	17x-74x	
Plasma:	77x-140x	

	
362		

non-synonymous	SNVs	

Amplicon	Sequencing	

350	amplicons	in	
mul(plexed	droplet	PCR	

	
310	successfully	amplified	

	
Germline:	4304x	

Tumor:	965x-2777x	
Plasma:	288x-8248x	

x8	

x9	
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Murtaza,	Dawson,	Rosenfeld,	Caldas	et	al.	Nature	Communica(ons.	2015	Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	Communica(ons	2015	
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Is	ctDNA	concordant	with	tumor	biopsies?	

Plasma
Samples

PyClone Tumor Cluster 1 2 3 4 5 6 7 8 9/10
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Murtaza,	Dawson,	Rosenfeld,	Caldas	et	al.	Nature	Communica(ons.	2015	Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	Communica(ons	2015	
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Circula(ng	levels	of	soma(c	muta(ons	reflect	
clonal	hierarchy		
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ctDNA	tracks	differen(al	treatment	response	
across	metasta(c	deposits	

Tamoxifen and 
Trastuzumab

Lapatinib and 
Capecitabine
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Murtaza,	Dawson,	Rosenfeld,	Caldas	et	al.	Nature	Communica(ons.	2015	Murtaza,	Dawson,	Caldas	and	Rosenfeld	et	al.	Nature	Communica(ons	2015	
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ctDNA	tracks	differen(al	treatment	response	
across	metasta(c	deposits	

Tamoxifen and 
Trastuzumab

Lapatinib and 
Capecitabine
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Heterogeneity	for	an	ac(onable	muta(on		
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How	do	we	interpret	plasma-tumor	
concordance	for	any	given	muta(on?	

Tumor	

+	 -	

Pl
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m
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Tissue	biopsy	not	
representa(ve?	

	
Subclonal	muta(on	and	

evolu(on?	

-	
ctDNA	detectable?	

	
Muta(on	local	or	private	
to	the	(ssue	biopsy?	

ctDNA	detectable?	
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Summary	and	Unanswered	Ques(ons	

•  Quan(ta(ve	levels	of	soma(c	muta(ons	in	ctDNA	represent	
phylogeny	and	frac(on	of	systemic	tumor	each	muta(on	
represents	
–  Can	we	use	rela(ve	levels	of	mul(ple	muta(ons	to	priori(ze	ac(onable	

muta(ons	or	further	stra(fy	pa(ents?	

•  Founder	muta(ons	are	more	readily	detectable	in	plasma	
compared	with	sub-clonal	muta(ons	
–  Can	we	use	mul(ple	founder	muta(ons	to	achieve	greater	sensi(vity	for	

detec(ng	ctDNA	in	low	disease	burden	states?	

•  Longitudinal	ctDNA	analysis	captures	clonal	evolu(on	in	real-(me,	
as	it	happens	
–  Can	we	leverage	this,	beyond	re-genotyping,	to	maneuver	tumor	

evolu(on	towards	improved	outcomes?	
–  Can	we	use	this	to	understand	treatment	scheduling	(intermioent	dosing	

or	ordering	when	mul(ple	op(ons	are	available)?	
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Tania		
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Thanks	and	happy	to	take	ques(ons.	
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