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Why ctDNA In Esophageal
Adenocarcinoma?
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Why ctDNA In Esophageal
Adenocarcinoma?
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Limited but Promising data on ctDNA
IN Gastroesophageal Cancer

ctDNA detected in 100% of ctDNA detected at —~10-100
metastatic cases (n=7) copies/ml of plasma
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100,000 =
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Circulating Tumor DNA In EAC

"Open Questions:
= How does detection rate and quantity change with tumor stage?
= Does ctDNA gquantity change with response to therapy or disease

progression/recurrence?

=Challenges:
= Need to reliably detect mutations at ~0.05% level.

=\/ery little DNA in plasma/serum (10-50ng/mL = 1-10 copies of tumor DNA) and it

is very fragmented.

=Developed modified version of SafeSeq-S using introduction of molecular
barcodes (N,, ,,) into NGS libraries using PCR.
Kinde et al., Proc Natl Acad Sci U S A. 2011 Jun 7;108(23)
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Barcoding Enables Identification of
True Mutations vs Polymerase errors

Wildtype

Wildtype with
PCR-induced error

True mutant with
< —=w—w— PCR-induced error
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Simple,Multiplexed, PCR-based barcoding
of DNA for Sensitive mutation detection
using Segquencing (SiIMSen-Seq)
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« Target primers designed with internal hairpin.
» Protects random barcode sequence during PCR and increases
specificity

Stahlberg et al., Nucleic Acids Res. 2016 Jun 20;44(11) Eﬁﬂ@ B e e




Library Construction is Extremely
Quick and Simple

PCR no. 1 C‘- g

Protected barcode
target primers, reverse

m TWO rou ndS Of primers and input DNA
PCR

=Single purification PCR product 1
step.

Protease treatment / Sample dilution

=Three hours from
start to sequence-
PCR no. 2 [ L _/]

re ady . lllumina adaptor N—

pnmers e

PCR product 2

Hairpin primers
open (~74°C) so PCR product cleanup
adapter primers

can amplify off of

15t round primers. Sequencing and bioinformatics  :hool of Medicine




SiMSen-Seq Enables Flexible
Multiplexing

Specific
PCR product

Specific
PCR products

o = ) o
S 9 S o 8
o (] o™ o <

Single-Plex 31-Plex
RRTTCAL

School of Medicine




Background Consensus Error Is
Consistently Below 0.19%%6

12 replicates of 5-plex library covering 417 nucleotides

>90% of all nucleotides displayed consensus read error <0.05% and
99.3% of nucleotides showed consensus error <0.1% with 95%
confidence.
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Presenter
Presentation Notes
4 hotspots at >0.4% in raw reads corrected to <0.05% using consensus reads. All 5plx data.


Approach

Esophagus

Sequence Tumor DNA - Isolate Plasma DNA

v

Chr X 57,491,640 bp 57,491,670 bp
272 I | 1 L L 1
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G 3 §

mRNA 3’ «—— ACGAAUGGUUUA Exon 27 «— %

Identify Mutations

Barcoded Plasma DNA Sequencing
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Presentation Notes
Entire process��Specific Aim 1: Verifying circulating tumor DNA in patients of varying clinical stages. For each patient we will identify mutations in the tumor that will then be used as patient-specific biomarkers to assess for ctDNA. SimSenSeq assays will be developed to target each patient’s mutation, then tumor DNA will be amplified and re-sequenced to confirm the presence of the selected mutations. Subsequently, plasma DNA will be amplified, sequenced, and analyzed to determine the presence and fraction of ctDNA. Results will be collated by clinical stage to assess limits of detection. 
Specific Aim 2: Determining response to therapy.  For each patient we will identify mutations in the tumor that will then be used as patient-specific biomarkers to monitor the ctDNA fraction in the blood with SimSenSeq. The pretreatment clinical stage will be determined by imaging (CT, MRI, PET-CT), and response to therapy monitored by pathologic staging and repeat imaging by CT. The fraction of each mutant allele of ctDNA will be measured in plasma obtained before and after neoadjuvant chemoradiation, before surgery (if applicable), and at any follow-up time points post-op, including before/during/after adjuvant therapy. We expect to see the ctDNA fraction drop to undetectable levels after surgery but some patients will suffer disease recurrence, determined by imaging. Therefore, blood samples taken during follow-up will be stored for analysis in the event that a patient suffers disease recurrence during the study. In these cases we will analyze ctDNA to see if mutations can be detected prior to clinical detection of recurrence.



Pitt O7: T2NOMO, Stage IB

Tumor Mutation
Gene Chr Position Allele 1 Allele 2  allele freq consequence
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Pitt 29: T2NOMO, Stage IIB

Start Tumor Mutation
Gene Position Allele 1 Allele 2 allele freq consequence

TP53 Chrl7 7579542 CGTCCGGG C 0.45 Deletion
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Pitt 27: T3N2MX, Stage 111B

Position Allele 1  Allele 2  Tumor allele freq consequence

Gene Chr
Missense

CNTNAPS Chr2 125281996 C A 0.16

125262010~
125262012+
1252620144
125262016
125262018

Position

126282012+
125262018+

CEN,

Gl
E&%—]{@ ‘ School of Medicine

EXCEPTIONAL CARE. WITHOUT EXCEPTION.




Pitt 25: TxN2M1, Stage IV

Gene Chr Position Allele 1 Allele 2 Tumor allele freq consequence
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Circulating Tumor DNA Detection
Frequency Increases with Stage

Pts w/ Plasma
tumor Plasma mutations
Stage Total Pts mutations Sequenced detected

| 9 5 4 1 (25%)

I 16 11 3 (60%)
18 16 6 (50%)

\Y; 7 5 4 (80%)
37 14 (54%)
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Mutant Allele Frequency In Plasma
INncreases with Tumor Stage
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Improving Detection Sensitivity

Evolution of SiMSen-Seq:

« Shorter amplicon sizes
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Stage
I
|
i

A

Amplicons <80bp Give Greater
Sensitivity

Pts with Plasma Long Short
tumor Plasma mutations Amplicons Amplicons
mutations Sequenced detected Only Only

5 4 1 (25%) 0/1 (0%) 1/3 (33%)
11 5 3 (60%) 0/1 (0%) 3/4 (75%)
16 12 6 (50%) 3/7 (43%) 3/5 (60%)
5 5 4 (80%) 0/1 (0% 4/4 (100%
37 26 14 (54%) 3/10 (30%) 11/16 (69%)
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Improving Detection Sensitivity

Evolution of SiMSen-Seq:
« Shorter amplicon sizes

« PAGE purified hairpin/adapter primers in first round PCR




PAGE Purified Primers give Cleaner
Libraries

Non-PAGE PAGE
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Improving Detection Sensitivity

Evolution of SiMSen-Seq:
« Shorter amplicon sizes

« PAGE purified hairpin/adapter primers in first round PCR

« Higher on-target reads and higher consensus depth

« True Hi-fidelity polymerase in first round PCR

« Phusion polymerase reduces background error to <0.02%
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Does ctDNA quantity change with
Disease Status?

Meoadjuvant Chemo/RT Palliative RT

Stage IIIA patient

Point Mutations in:
ARID1A
TP53

Blood draws
Imaging Date
Surgery date
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ctDNA Level Correlates with Clinical
Disease Burden

. . Neoadjuvant Esophagectomy Palliative
CI ini cal chemo/radiation
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SIMSen-Seq: Strengths and Weaknesses
«Strengths

- Easy, fast library construction and relatively simple bioinformatics
« Implement in individual research and clinical labs

Low DNA input requirement (<5ngQ)

Flexible library content
« Most useful for 1-1000bp coverage
« Content can be customized easily (individual patient panels, cancer-specific panels,
therapeutic panels, companion diagnostics etc.)

Low cost for NGS approach (only sequencing regions of interest)
Fits perfectly between dPCR and large-scale NGS approaches.

*Weaknesses
- Up-front assay development needed
- Limited content relative to other NGS approaches
- Sensitivity not quite as good as reported for some approaches
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ctDNA as a Biomarker In
Esophageal Adenocarcinoma

eEarly Detection

« Unclear if sensitivity will be high enough for stage I/1l disease

« But: High risk group known and current paradigm is failing

e Treatment response and recurrence monitoring
- May have value for rapid identification of response to therapy
- May identify pre-clinical recurrence
- May identify residual disease following “curative” treatment

*Other

- Prognostic biomarker in stage /11 disease
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