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Blood plasma has cell-free
circulating DNA that carries somatic mutations

/@@( Point mutations
0% 000( Rearrangements
CeE®
) R

m Amplifications
XD U050 DOX Deletions

MDA Epigenetic changes

MAYO
CLINIC

G tgensi-




3/24

Tumor-guided analysis Tumor-independent analysis
TCCTCGGCGTTTCGCCAAGC  Pgpel L]
| 7> Cianrcacearcescorrre | EXOMe — 5> @ @ Hopor
ACAGAACGAGGTTTCGCCAA  WGS
/ \ TCCTCGGCGTTTCGCCAAGC  panel
. TTCGCCAAGCCTAATCAGCA Exome
CTAATCAGCATCGGCGTTTC
3 ol Targeted ACAGAACGAGGTTTCGCCAA  WGS
Analysis

Applications Applications

» Monitoring tumor burden » Noninvasive tumor genotyping

» Treatment Response » Alternative to re-biopsy

» Residual disease » Clonal evolution

» Recurrence » Acquired therapeutic resistance

Challenges Challenges

» Tumor tissue sequencing required » Variable mutation signal

» Patient-specific assays needed » Sequencing noise

» Turnaround time » Multiple testing

» Limited input material
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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?

Tumor
+ _
+[ 4| 2

Plasma

e Technical factors affecting concordance
* Comparison of plasma with multi-regional sampling

* Clinical implications/opportunities and unanswered
guestions
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Technical factors affecting concordance: limited
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In healthy controls, median of 1500-1900 GEs/mL plasma

(5-7 ng/mL)
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Technical factors affecting concordance:

sampling inefficiency

Ligation-based library preps: at
best, 30% efficient at
incorporating <10ng DNA input
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ddPCR optimized cfDNA input (ng)
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PCR based preps: efficiency is a
function of amplicon size
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Technical factors affecting plasma-tumor
concordance

* Pre-analytical processing

— Delayed processing of blood leads to peripheral cell lysis, lowering
measurable mutation fraction

* Background noise in the assay
— Need to distinguish signal from PCR and library prep noise
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ctDNA and tumor biopsy concordance in
ovarian cancer
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n=38 patients

Summary of results -
5225 Plasma samples analyzed 69
Mutations detected by digital PCR >2% 47
“““““““ e Mutations detected by TAm-Seq >2% 46
ONA (dilute or degraded) Missed by TAm-Seq due to sampling error 1

'

Pressepliication Sensitivity of TAm-Seq for mutations >2% 97.5%
T ——  — Positive predictive value for mutations >2% 97.5%
B _/—_i___—_‘ L 10+
' Genes "
! TP53 2 mnmmmm*“”
Single-plex PCR PTEN “g'_
=3 % 10"} nm“I“DDU
\ — 4 EGFR 2 DDGID o |dentified
N < o o Missed
l PIK3CA ,EDD ¢ False positive
BarcodingPR  wpAc T it
o ‘_”9_ . KRAS e | | | |
== = V= BRAF 10 20 30 40
== =—= = = == Mutations (sorted by allele frequency)
!

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

Forshew, Murtaza and Rosenfeld et al. Science Translational Medicine 2012

Pool and sequence
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Intra-tumor heterogeneity in ovarian cancer
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Exome-wide comparison between ctDNA and
tumor biopsies

- n=6 patients (advanced breast, ovarian and lung cancers)
- 2-5 plasma sample each

METs ok 5 & §

5o b REN O T A WA 6 p o8 AT SR
1 2 3 4 5 6 7 8 9 10 N 12 1314 15 16 17 18 19 202122X
Chromosome
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Comparison of tumor and plasma exomes
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Multi-regional and longitudinal sampling
from a patient with breast cancer
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Exome and deep amplicon sequencing of tumor
and plasma samples

Exome Analysis Amplicon Sequencing

350 amplicons in
Germline: 26x %8 multiplexed droplet PCR
Tumor: 17x-74x

Plasma: 77x-140x 310 successfully amplified

x3 362 X9 Germline: 4304x
non-synonymous SNVs Tumor: 965x-2777x

Plasma: 288x-8248x
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Multi-regional tumor heterogeneity

Breast DCIS
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Metastatic
Stem clade
Mutations  mutations Private, unclassified and plasma only mutations
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Metastatic
Stem clade
Mutations  mutations Private, unclassified and plasma only mutations
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Is ctDNA concordant with tumor biopsies?
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Circulating levels of somatic mutations reflect
clonal hierarchy
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ctDNA tracks differential treatment response

Relative Plasma Abundance
- N W A O O N 00 ©
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across metastatic deposits

Tumor-dependent clustering
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*Autopsy samples

Breast DCIS Brain
Metastasis

|| Tamoxifen and
Trastuzumab

|| Lapatinib and
Capecitabine

Murtaza, Dawson, Caldas and Rosenfeld et al. Nature Communications 2015
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ctDNA tracks differential treatment response
across metastatic deposits

Tumor-dependent clustering Tumor-independent clustering
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PyClone Predicted Cellular Frequency
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Days of follow-up Days of follow-up
PyClone Plasma Cluster (number of mutations)
—— P1.1 P3.1 —— M2.1 1(28) 3 (77) 5(11)
—O—M3.1_()-M3.2_() M3.3 s 2 (23) e 4 (68)
| | Tamoxifenand | | Lapatinib and
Trastuzumab Capecitabine
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ctDNA can identify potential drivers of
treatment resistance

p.H809G

l

|
— - I }

ReceptorL Furin-like Receptor L Growth Factor Protein
Domain Cysteine Rich Domain Receptor Domain IV Tyrosine Kinase
Region

Cell Cycle

Receptor tyrosine kinase ERBB4 mediates acquired

resistance to ERBB2 inhibitors in breast cancer cells

Kaleigh Canfield®, Jiaqi Li®, Owen M. Wilkins®, Meghan M. Morrison?, Matthew Ung®, Wendy
Wells*®, Charlotte R. Williams®, Karen T. Liby*®, Detlef Vullhorst®, Andres Buonanno®,
Huizhong Huf, Rachel Schifff, Rebecca S. Cook? & Manabu Kurokawa®

Accepted author version posted online: 15 Jan 2015.

IE— —— ERBB4 p.H809G allele fraction
MAYO O Not signficantly detectable above background
CLINIC ¢ Signficantly detectable above background
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Allele fraction of PIK3CA mutation
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Heterogeneity for an actionable mutation
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—— PIK3CA p.E542K allele fractions
¢ Not signficantly detectable above background
¢ Signficantly detectable above background

| | Tamoxifen and
Trastuzumab

| | Lapatinib and
Capecitabine

COSMIC P
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TCGA I T
Mutated Genes

Gene # Mut # Freq
TP53® 354 346 31.3%
PIK3CA® 378 340 30.8%
CDH1® 135 133 12.0%
GATA3® 127 119 10.8%
KMT2C® 100 82 7.4%

Murtaza, Dawson, Rosenfeld, Caldas et al. Nature Communications 2015; TCGA Cell 2015
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How do we interpret plasma-tumor
concordance for any given mutation?

Tumor

+ -

Tissue biopsy not
representative?

Subclonal mutation and
evolution?

Plasma

ctDNA detectable?

- : : ctDNA detectable?
Mutation local or private

to the tissue biopsy?
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Summary and Unanswered Questions

* Quantitative levels of somatic mutations in ctDNA represent
phylogeny and fraction of systemic tumor each mutation
represents

— Can we use relative levels of multiple mutations to prioritize actionable
mutations or further stratify patients?

 Founder mutations are more readily detectable in plasma
compared with sub-clonal mutations

— Can we use multiple founder mutations to achieve greater sensitivity for
detecting ctDNA in low disease burden states?

* Longitudinal ctDNA analysis captures clonal evolution in real-time,
as it happens

— Can we leverage this, beyond re-genotyping, to maneuver tumor
evolution towards improved outcomes?

— Can we use this to understand treatment scheduling (intermittent dosing
or ordering when multiple options are available)?
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Thanks and happy to take questions.

mmurtaza@tgen.org
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