ctDNA for Early Cancer Detection:
Promise, Challenges, and Emerging Solutions
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OUTLINE

* Why Is ctDNA promising as an early detection biomarker?
 What are the key challenges?

 How can innovative strategies overcome these challenges?
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PROMISE OF CTDNA FOR EARLY CANCER DETECTION

Most protein biomarkers: Circulating tumor DNA:
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CHALLENGES

Biological Challenges:

 Early-stage tumors shed very little DNA.
« Excess of background “healthy” DNA.

« Cancer-like signals in healthy DNA (e.g. clonal
hematopoiesis).

« Variable shedding of DNA from different cancer
types and subtypes.

YaleNewHavenHealth ‘ Vale cances

CENTER
Smilow Cancer Hospital '

f¥ Yale sCHOOL OF MEDICINE

ncer Center
cer Institute




S
CHALLENGES

Technical Challenges:

* Artifacts can limit sensitivity (PCR errors,
sequencer errors, DNA damage).

« Low conversion yield can limit sensitivity.

Practical Challenges:

 Cost must be reasonable.

 Large-scale validation studies required.
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MUTATION-BASED CTDNA DETECTION
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Achieving high sensitivity for early-stage cancers
may require unreasonably large volumes of blood.
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TUMOR-INFORMED DETECTION OF MRD

Multiple mutations
identified in tumor tissue

Customized blood test
M created to probe for

specific mutations

LT

... But this approach
won’t work for
cancer screening.
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MUTATION PANELS

Dilemma:

« Broad mutation coverage is
expensive.

* Narrow coverage may not be
adequately sensitive.

YaleNewHavenHealth Ya] CANCER

Smilow Cancer Hospital e peneie e Cater




PROBING EPIGENETIC FEATURES

Mutations Epigenetic Features

Few mutations
per genome

Epigenetic
signatures are
found throughout
the genome.

CpG Island hypermethylation
Genome-wide hypomethylation
Fragment size

Nucleosome position
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INTEGRATING MULTIPLE SIGNALS

Improvements in sensitivity can be achieved by combining
signals from multiple analytes or cfDNA features.

Examples:

« SNVs + Aneuploidy + Protein Markers (Johns Hopkins group)
 SNVs + Methylation + Fragmentomics (Guardant Health)

« SNVs + CNVs (Stanford group)
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METHYLATION SIGNATURES IN PLASMA

« Aberrant methylation appears in clusters.
« Genome-wide methylation patterns appear to be patient-specific.
« Common features are seen across tumor-types.

Chromosome 2

chrza (pas.3-437.3)

Scale 199 Mo | ha3s
| chr2: 50,000,008 166,000,600 _ 150, 066, 00| _ 208, 000, 004 ) |
B HTRITIE T i NIRRT TR TR N | | TR
B LA SN AR YR T AN KRN LY ERRIE N UM
g e TR | RN IR AT | TN A
5 RN IR T I R T R T i | |
B | K TR | || T
B | e umi1s 1 | (NER 0 e i me e RN I | VR | .
B | B mmer 0N O ey e e e | | | | . || |l
~ smalicelitung WMLl WM N 100 R O T T T T R Y A
B I IR L FORRNED T0h el AL SR 0L R U TR {1 AN A AR | I [ | 0 | 11T R
. Wi W ERIRl TRt WS R AT RS T R o T
et T TN L T O o O T T S T T 1w Wt
| [ [REE R e (R e 0 W UL LA e [l \ |\ | |||||| PO LI rees i
- T Y | | QI 1 Tl
B - ST B ] LR NI Y kT BT TR Y B
o 0] | | il I Wl I
~ Pancreas W || T | | 0 1l I il
o 0y | I | | | I I

CENTER
Smilow Cancer Hospital b omprehensiue Cancar Canter

YaleNewHavenHealth Yale”‘“c”“



-
ACKNOWLEDGEMENTS

Patel Lab
Jacob Allen
Allison Campbell
Norman Greenberg
Rofina Johnkennedy
Chaitanya Kantak
Victor Lee
Azeet Narayan
Thi Trinh
Julia Wolfe
Dennis Vu

Next-Gen Seqguencing
Kaya Bilguvar
Chris Castaldi
Nancy DaSilva
Shrikant Mane

YaleNewHavenHealth YalecANcER

CENTER

Smilow Cancer Hospital e e Corter D

Collaborators

Justin Blasberg Sue Kaech
Dan Boffa Ed Kaftan
Guoping Cai Joseph Kim

Brenda Cartmel Jill Lacy
Anne Chiang Pat LoRusso
Veronica Chiang Don Nguyen
Joe Contessa Andrew Phillips
Roy Decker Katie Politi
Brinda Emu Alessandro Santin

Steven Skates
Stacey Stein

Scott Gettinger
Sarah Goldberg

Roy Herbst Jeff Townsend
Howard Hochster Lynn Wilson
Mike Hurwitz David Wong
Kim Johung David Zhang

Yale sCHOOL OF MEDICINE

Bio-informatics
Nicholas Carriero
Sameet Mehta

Oligo Synthesis
Amy Blanchard
Brian Dagliere
Scott Daniska

Joseph Deluca




ACKNOWLEDGEMENTS

ﬂ,’ J\
Tina’s WlSh LUNGE\/ITY

Know Early. Know Hope.” t at it. Live.

ONAL
CER
I TUTE

|

_
@'N.
A STRO American \‘f‘f >“’~'l
9 Cancer
TARGETING CANCER CARE SOCIEtY® YaleCentel ﬁ)l
Chlinical
Investigation

YaleNewHavenHealth Yal CANCER

CENTER

A——— el ENT Yale scCHOOL OF MEDICINE




