IQNPath ctDNA Workshop

From Sample collection to clinical integration of the
results - ensuring quality end to end

Florence, 23rd June 2017

ctDNA extraction methods

Ed Schuuring

Head Laboratory Molecular Pathology, UMCG Groningen
Professor in Molecular Oncological Pathology
KMBP (Clinical Scientist in Molecular Pathology)
Chairman section KMEP in the Dutch Society of Pathology

e.schuuring@umcg.nl

Tumor-specific mutation testing using
DNA from cell-free plasma
critical factors/challenges

Blood collection

Plasma processing

Cell free plasma storage

DNA extraction from cell free plasma
cfDNA input

Mutation detection methods
Interpretation

Consultant/Advisory Board:

Speaker’s fee:

Grants/Sponsoring:

Stock/Royalties:

DNA extraction assays from cell free plasma

QlAamp® circulating Nucleic Acid Kit (Qiagen)

QlAamp® DNA Blood Mini Kit (Qiagen)

EZ1 ccfDNA Kit (Qiagen)

QIAsymphony PAXgene Blood ccfDNA Kit (Qiagen)

QIAsymphony DSP Circulating DNA Kit (Qiagen)

QlAamp® MinElute® ccfDNA (Qiagen)

cfDNA isolatie van Quick-cfDNA™ serum & plasma DNA Miniprep kit (Zymo Research)
Maxwell® RSC circulating cell-free (ccfDNA) Plasma Kit (Promega)
Cobas cfDNA sample preparation Kit (Roche)

NucleoSpin Kit (Macherey-Nagel)

MagNA Pure isolation system (Roche Diagnostics)

Plasma/serum cf circulating DNA purification kit (Norgen BioTek)
Chemagic cfNA isolation kit (Perkin-Elmer)

FitAmp Plasma/Serum DNA isolation kit (Epigentek)

PureLink Virus KIT (Life technologies)

PME free circulating DNA extraction KIT (Analytik Jena)

EpiQuick Circulating Cell-Free DNA (cfDNA) isolation easy kit (Epigentek)
NEXTprep-Mag cfDNA kit (Bio Scientific/PerkinElmer)

Biocartis/Idylla (DNA extraction is part of detection-test)




Tumor-specific mutation testing
DNA from cell-freeg

cfDNA extraction methods
some facts

» CfDNA versus ctDNA

» Amount of cfDNA in your plasma

» QC: how to determine quantity (yield) of cfDNA ?
» QC: how to determine quality of cfDNA ?

> Differences between methods ?

» example of comparison of 3 methods

cfDNA extraction methods
what method to use ?

Choice is depending on:

» Clinical questions/application ?
» Amount of cfDNA needed for ctDNA testing ?
» Detection method used ?

cfDNA extraction methods
some facts

> cfDNA versus ctDNA




Detection of mutations in circulating tumor DNA in cell free DNA in plasma Nucleosome protected DNA degradation in plasma
finding the “abnormal” hay in the haystack
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Plasma DNA extraction methods do not
discriminate between cfDNA and ctDNA

Snyder, Cell 2017

cfDNA extraction methods
some facts

» Amount of cfDNA in your plasma
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Plasma DNA extraction methods do not
discriminate between cfDNA and ctDNA

Bioanalyzer Labchip GX: umcg ctDNA sample




Levels of total DNA (cfDNA) in 1ml of plasma

Total DNA concentrations by picogreen (ng/ml plasma)

GpDNA (ng/mL) (log10 scale)

classified per advanced tumor type at baseline
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Total DNA in cell-free plasma associated with
tumor IOad e.g. in colorectal carcinoma

Tumor Size (cm)

Gorges Biomarkers 2012

The amount of cell-free DNA in plasma for ctDNA testing

Different assays to determine DNA concentration:

* qPCR

* Picogreen

* Nanodrop

* Qubit (approx 10x lower concentration compared to nanodrop)

Levels of detectable ctDNA in localized
versus metastasized disease
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NSCLC patient treated with immunotherapy and respons
monitored by CT-scanning and tumor-specific mutation

-# nivolumab (CT response) -+~ Fractional abundance (%)
~+~ Wild-type droplets = CONA (ng/mi plasma)
-0 Mutant droplets. - Nutant copies/ml plasma

H 10
Time (weeks)

(%) auneseq wouy Jowm | §I53

S » Mutant drops to non-detectable (following ct-scanning)
5 -ngy » Wit-ddPCR product approx constant during respons

Ll > Qubit-DNA content very similar

cfDNA extraction methods
some facts

» QC: how to determine quantity (yield) of cfDNA ?
» QC: how to determine quality of cfDNA ?

Amount of cell-free DNA in plasma for ctDNA testing

Different assays to determine DNA concentration:

* gPCR, Picogreen, Nanodrop, Qubit

Need for standardisation/harmonisation

Bioanalyzer: EDTA tubes stored at 20 oC for <4 hrs and >4 days
assessment of quality and calculation of DNA yield of cfDNA

Verwerkingstijd: 1:43 h DNA concentratie: 0,682ng/ul
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Verwerkingstijd: 98:46h  DNA concentratie: 2,070 ng/pl
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Quiality control plasma processing
ddPCR assay to assess quality and quantity of cfDNA
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cfDNA extracted by centrifugation,

cfDNA extraction methods

some facts

1
vacuum or magnetic beads ?
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Pure nucleic acids

» Differences between methods ?
» example of comparison of 3 methods




cfDNA extraction methods Costs of DNA extractions (examples)

differences between methods

» manual vs automatisation > depending on TAT/costs D S

> elution (high DNA concentration) > newer Kits enable lower elution volume EHG i
without loosing cfDNA on beads (QlAamp MinElute)

» most assays 1-2 ml: newer assays 1-10ml plasma (Zymo cfDNA Kkit)
> TAT and hands-on-time

» companion diagnostics/FDA (cobas plasma extraction/mutation detection kit)
> DNA extraction is included in assay (ldylla/Biocartis)

> costs

1101,00 1101,00

367,00 367,00

DNA extraction from cell free plasma comparing manual Qiagen

CfD N A extractl on meth Od S CNA, automatic Maxwellglilckmeig?dand manual cfDNA Zymo
some facts

Total DNA concentrations by
Qubit (ng/ml plasma)

fDNA opbrengst gameten met de Qubit In ng per mi plasma

Opbrangst DNA ng {gecorrigeerd /ml)
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» example of comparison of 3 plasma DNA extraction methods




DNA extraction from cell free plasma comparing manual Qiagen DNA extraction from cell free plasma comparing manual Qiagen
CNA, automatic Maxwell Promega and manual cfDNA Zymo CNA, automatic Maxwell Promega and manual cfDNA Zymo
wt-ddPCR assessment single ddPCR assay for QA

Copies/ml B-actin fragment length in various DNA isolation methods
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DNA extraction from cell free plasma comparing manual Qiagen DNA extraction from cell free plasma comparing manual Qiagen
CNA, automatic Maxwell Promega and manual cfDNA Zymo CNA, automatic Maxwell Promega and manual cfDNA Zymo
Bioanalyzer for QA preliminary conclusions

Short fragments (50-250bp)

Manual Qiagen CNA test shows best performance

Concentration (ngiul)

ShortFragments (50-250bp)

Automatic Maxwell similar (only cost-effective when
using >1000 samples/year)

Isolation technique

The size-length single ddPCR is an optimal assay for
assessment of amplificability and quantity of cfDNA
extracted from cell free plasma
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DNA extraction assays from cell free plasag cfDNA extraction methods

1A ® circulating Nucleic Acid Kit (Qi Sns = =
OlAamn DA Blood it Kt Ccen) critical factors to come to standardisation ?
EZ1 ccfDNA Kit (Qiagen)
QlAsymphony PAXgene Blood ccfDM*
QIAsymphony DSP Circulati~ o . . .
Q|Aa|ynp® MinElutes > Need for standardisation of quantity of cfDNA ?

- > Need for standardisation of quality assessment of cfDNA ?

> depending on clinical questions/application ?
\ depending on amount of cfDNA needed for ctDNA testing ?
Eh » depending onn detection method used ?
Pu, » harmonisation with other activities (IQNPath, CAP, Cancer-

PML —aytik Jena) .
EpiQ _IDNA) isolation easy kit (Epigentek) ID, german ?, Italian ?, french?)

NEX1 —w Scientific/PerkinElmer)
Biocar .~ extraction is part of detection-test)

> _other considerations ?

UMCG-Liquid Biopsy team:
GALLOP-study (GIST): Pieter Boonstra, Marco Tibbesma, Arja ter Elst, Ed Schuuring, An Reyners
Lung Cancer studies: Lisestte Bosman, Anneke Miedema, Arja ter Elst, Jeroen Hiltermann, Harry Groen, Ed Schuuring

International EQA/SOP: IQNPath (ESP, AIOM, EMQN, UK NEQAS), Cancer-ID (Schuuring)




