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Rigor and Reproducibility for Liquid Biopsy
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informed. * High throughput negative predictive value
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Summary of the ISEV workshop on extracellular vesicles as disease biomarkers, held in Birmingham, UK, during December 2017, Journal of
Extracellular Vesicles, 7:1, DOI: 10.1080/20013078.2018.1473707



National Biomarker Development Alliance top ten reasons for the failure in developing

effective biomarkers
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Poor access to rigorously annotated, fit-for-purpose
biospecimens from stringently phenotyped sources
Insufficient control of pre-analytical parameters
Low reproducibility of academic publications
Incomplete understanding of physiology

Variable analytical standards

Idiosyncratic laboratory-specific analytical methods
Small studies lacking statistical power

Chaotic data reporting formats and poor database
interoperability

Poor compliance on reporting standards by scientific
journals

Poor to non-existent quality management systems
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*National Biomarker Development Alliance (NBDA) (Arizona State University, USA)
Summary of the ISEV workshop on extracellular vesicles as disease biomarkers, December 2017,
Journal of Extracellular Vesicles, 7:1



The Early Detection Research Network (EDRN)

Sudhir Srivastava,

BHRERHAERYET—2 (EDRN) PhD, MPH
: Chief
=  EDRN established in 2000 = 2000[ZF%3iL=M 7= EDRN
= Focused solely on biomarker research = BHEARREVRAIFRD-HD/NA1F
for early detection and risk prediction I—h—mEDHITES
= Provides guidelines on validation, = NYT—=3> UITFLURHBUTIL R
reference samples, study designs BTATHAVICEATDHASM %R
H
=  Unparallel fully operational, open- BLET
access network = HEBEELRICEMERREGA —T U T IER
= SV Ry

= Strong scientific collaborations, e.g.,
Associate Membership Program for = NSUARL—23F WIS —FDRHDT
translational research YOITARADN—=yT - TAT S LIS

ENBALGEFHIATHRL—1ay



Organization of EDRN

Discovery

Biomarker .
Biomarker

Assay Development Ee;eafcth ) Development
ADOTALOTIES Laboratories

An “infrastructure” for
supporting collaborative
research on molecular,
Clinical genetic and other
biomarkers in human
cancer detection and risk
assessment.

Validation Centers

] Validation

Network Consulting Steering Committee Data Management &
Team =) Chair: Joshua LaBaer Ad Coordinating Center

Chair: Larry Norton Co-Chair: Arul Chinnaiyan Director: Ziding Feng




EDRN Program Objectives
EDRN 707 5.L0HK

«  Establish an investigator-initiated - BHARR/NAAT—hH—LETD/N
infrastructure to support development and AFI—H—DEARERIAZTIET
validation of early detection biomarkers H=OIZ. EENEED A IT%HE
and biomarkers of progression VAL V)

«  Foster interaction between academic, - . BBR.EERD)—A—LD
clinical and industrial leaders RinzcFEDS

«  Standardize biomarker validation criteria o INAFI—H—ERAIEEDZEIL

«  Develop a quality assurance program - mEBERIAITOTSLOERE

Bring biomarkers to clinical use o NAFI—H—ZBRKIZTER
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EDRN Building Resources for Clinical Studies
EDRN EERRAR D= DEEZRDEAHR

* Platform for multi-center biomarker validation o WIWFEIA—INAAT—H—N\)T—23>
studies MREDT VT4 — L

* Clinical Laboratory Improvement Amendments - BRERBREDHED ﬂ%‘IE (CLIA)-KUVRER=E
(CLIA)-approved laboratories to develop and test D#FEE (GLP) LU LWL ELEDHEE (GMP)
assays using Good Laboratory Practices (GLP) and zFERALTEHEZHFRFEL. TART H=HIC
Good Manufacturing Practices (GMP) A GBSNT-EERE)

*  Mechanism for biomarker triaging prior to large, —* KRB THERME/N\)T -3V HEDRIO/N
expensive validation studies (use of biospecimen AAI—7A—F) T—IDAN=X L (K
reference sets) HAXESEEYOER)

«  >100,000 clinically-annotated biospecimens using * > 10 3HBET—RER (CDEs) ZFU V=EREK
common data elements (CDEs) RIERZ =718

» Centralized statistical center for data analysis and T—3HEEF 0)7’:851')0)‘72—9 ST TRHRERD
informatics infrastructure for sharing data —mibEn =Rt 2—
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Available EDRN Standard Reference Sets

Reference Samples are sets of cases and
controls statistically powered to allow
rapid, cross-sectional assessment of
technologies and biomarkers discovered
through a wide variety of technology
platforms.

Available Reference Sets

Breast Cancer Cancer in Women
Colon Cancer Liver Cancer
Lung Cancer Pancreatic Cancer
Prostate
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Obtain application form from EDRN public portal
(http://edrn.nci.nih.gov/resources/sample-reference-sets) .
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http://edrn.nci.nih.gov/resources/sample-reference-sets

EDRN Serves as HUB to Many Sister Programs (Spokes)

Programs Alliance US

» Early Detection Research Network (EDRN) Glyco- EDRN-

= Molecular and Cellular Characterization of Exosome biologist Japan
Screen-Detected Lesions (MCL) -Derived

= Alliance of Glycobiologists for Cancer Analytes

= Exosome-Derived Analytes for Cancer

=  Consortium for Imaging and Biomarkers (CIB) US
= Liquid Biopsy for Early Cancer Assessment EDRN-
= Consortium on Translational Research for Chile
Liver Cancer (TCL)
= Pancreatic Cancer Detection Consortium
(PCDC) US
= Chronic Pancreatitis, Diabetes and Pancreatic
EDRN-
Cancer (CPDPC) .
China

= Pre-Cancer Atlas (PCA)

Inert Agency Agreements (IAA)

= National Institute of Standards and
Technology (NIST)

= Pacific Northwest National Laboratory
(PNNL)

= Center for Prostate Disease Research (CPDR)




Precompetitive Collaboration on Liquid Biopsy

for Early Cancer Assessment
RFA-CA-17-028

BHAESEME D= D EE LRI Precompetitive 3£ [E1H

o

Lynn Sorbara, Ph.D., Sudhir Srivastava, MPH, Ph.D.
Division of Cancer Prevention
Cancer Biomarkers Research Group

oY ILIN—5EL, RF4—IL- RGP REYT7, BT ERME
MATF R A
MNANAF—h—RAEST IL—T




Purpose of this Consortium A3 — 7 LD HHY

1) Establish a Public-Private Partnership 1) BEREEITOT S LDHEIL

Program 2) BRFEDRIKNAFTO—DHf. A
2) Develop new and/or validate existing EBLUVBREZTHRERT M. F

liquid biopsy technologies, methods, I FERR LR SLN:

and assays: > EHEELE XD EEDEBLDIE

» to capture and quantify tumor associated cells, E&%E'ﬁiﬂig > IZ{V‘: + RN, _°:E 73TV —4
DNA, RNA, or exosomes in body fluids of patients EIRRRSVEEILT L,

with early stage disease or those at high risk.

Precompetitive alliances with industry will help  ZEE &® Precompetitive 754 72 X &,

harmonize and validate liquid biopsy X yRNAA T —4. BHix. 7utA
technologies, methods and assays and facilitate ~ QEAFIERIEEFZIEL . S DEfiTDEE
the translation of these technologies into IRNDENERE{BELE T,

clinical practice.
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Program to Assess the Rigor and Reproducibility of Exosome-

Derived Analytes for Cancer Detection
(PAR16-276, PAR16-277)

EORED-HDITXYY)—LHEDSITYDOERSEBRELET
fidd70455L4

Matthew Young, Ph.D., Sudhir Srivastava, MPH, Ph.D.
Division of Cancer Prevention

Cancer Biomarkers Research Group
Ra— Vo JBL RTA—I-R)TF7RET7)
DA T R B 5E BB P
BRANAFT—D—RART L—T




Extracellular Vesicles for Cancer Detection

EOREO-H N M

Extracellular vesicles (EVs) have great HHRR S /NRE (ev) (&, EDI=—D734F IS
potential for the development of non-invasive FEEF B1ELAEDRRMERD-ODIERE
markers for early detection of various cancers BE<—h—DRFEDI=H DK=L REM

due to their unique properties including O TLWET

« stability in biological fluids « EYFMRADREM

« potential to be efficiently isolated o MEMICHEESNDARENE

 analytes may mirror the altered state of the « F&R{K(Z. FRDHBDOEILLI-IREZ X

cell of origin, BRI HIEMTE,

m) NATIONAL CANCER INSTITUTE 14



Extracellular Vesicles for Cancer Detection

More research including case-control and BHIF R SZHBIUFTEDI-HD
prospective studies is needed to be conducted to HLWWINAAT—Hh—ZFFHRTH-86
develop new biomarkers for early detection, (2. EFIREBESIVRIREMEEZST
diagnosis and prognosis. FYZLDARNITHONDILELH D,
EVs and their cargo may have potential to be ev EZTDEYIE. KhADEREARRED
multiplexed with other molecular markers or FODMERFRA—ADTEY—IL
screening modalities to develop integrated HEITHA-HIZ. MO FI—H—
molecular-based computational tools for the early Ft-[ZRHY—=— T EXYT4LZE
detection of cancer. fESNHrIEEELHYET ,

Therefore, the development of biologically relevant L1=p\>T. BEAICfEEEFEICRHE T
sensitive biomarker-based assays that accurately AEYMERIZEEED S NS REE/N
detect cancer at an early stage will increase the AAR—H—R—ZXDT7vtA DR
effectiveness of intervention strategies. F. T ABEBOENEZEDFT,

m) NATIONAL CANCER INSTITUTE 15



Program to Assess the Rigor and Reproducibility of

Exosome-Derived Analytes for Cancer Detection
(PAR16-276, PAR16-277)

Determination of the utility of EVs and their cargo for e

developing reproducible noninvasive assays for early
detection

Development of rigorous and reproducible assays for
purification of exosomes

Determination of cancer-specific markers within EV
Development of computational tools to integrate the
data on the EV cargo to identify novel biomarkers
signatures

Determination of the sensitivity and specificity of
biomarkers signatures using cohort or completed trial
specimens

Evaluation of longitudinal screening protocols using
cohort specimens

BHFERD-ODBERELIEFEN
TItAEHRTH=0D ev BLUZED
EYOERMDRE
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DHAHT7 VA DEF
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INAFI—I— TR Fr— DR E
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S 7aka— )L 0T

Next Application Due DatesJune 13, 2019



EDRN/NIST

Development of Reference Material for Liquid Biopsy
X YRENAATL—RBRENE DRHF

National Institute of Standards and Technology MIEEREFTOSEE R AR
Reference Laboratory is developing reference FLTUWVET,

material for

.
2.
3.

Measurements of Tumor DNA

Measurements of Methylated DNA
Measurements of Gene Copy Number

Variants
Measurements of miRNA

. Measurements of exosomes

fE& DNA DEIE

AF)L1t DNA D BIFE
BEFIAIE—HOEEDAIE
miRNA 0 H|E
I99)—LDBIFE

Nt S

Kenneth Cole: Group Leader

Hua-Jun He: Research Scientist

Jamie Almeida: Research Biologist

Lili Wang: Flow Cytometry Project Leader



Multilab Assessment of ctDNA Measurements
ctDNA BITE @ Multilab FE{fh

* Allele Fractions (AF) from a 40-variant reference + WERISHYE (SeraCare) MO D * L

material (SeraCare) was diluted in a plasma BIZFES (AF) ZMBELATHRL
simulant 1= .
« Evaluated by 7 expert labs with 4 different NGS + 4BED NGS AV Yk L4050 IR F O R
methods and different subsets of the 40 alleles. @éﬂ'jtl‘/ FEFFOTODIFAN—RS
* Tested: extraction, DNA quantitation, variant RISEOTEHEISNET . .
measurement, and bioinformatic pipeline. » TANFEH: i, DNA =, /N7 HA|

E.NAFFHRNAT M4,

These results establish of this study -3 = - oo 3=
have been submitted and the EE;L@C'%?'%E g)) Eféfjﬁf-%%gg

manuscript in currently in revision

*® asson movston precsion. - Miilford, MA He, H. et al., Journal of Molecular Diagnostics 2019 (in press)



Strategy for Methylation Assays and Reference Material Evaluation
AFIAET A DEREESE Y E T

Characterize existing commercial reference

materials

Evaluate use of NIST Genome in a Bottle:

human DNA reference materials highly
annotated for sequence identity

Implementing assay MethylLight digital PCR*
assay for mir342/EVL (colon cancer risk)
Implementing a NGS assay for CCNAI plus
VIM DNA methylation™* for identifying DNA
methylation biomarkers for non-endoscopic

detection of Barrett's esophagus

BREFOMERDOSZEENZTHFHT TS
REJLIA®D NIST 47/ LD {5 F %5l
95 EEHE—tIcx L TEEITER
Z{Tl+-Ek DNA SEBY'E
mir342/EVL (KEIE R D) 129 5
7wt A MethylLight T4 JL PCR *
T7ytADE

CCNA1 & VIM dna *FJLIED =6 D
NGS 7ytADEE * * Ny BE
DIERNRIBHIRE D=6 D dna AF
JHUENAAT—h—DREIE

*Bill Grady et al., Fred Hutchison Cancer Center, Methods Mol Biol. 2018;1768:363-383
**Sandy Markowitz et al., Case Western University, Sci Transl Med. 2018 Jan 17; 10



miRNA Reference Samples for Interlaboratory Study

A common set of samples shared among

laboratories for profiling was used to provide a Samp|es Platforms
sense of measurement assurance for biomarker
screening. Rounds 1 -3

Brain Liver Placenta

Three commercially available samples of
human total RNA (brain, liver, and placenta)
were selected for detectable differences in

miRNA expression.

HiSeq (2000/2600)

MiSeq (1200/2600)
lonTorrent

NanoString (800/800)

aqCard (32/32)

Round 3 only

Blinded samples were then profiled using the -
standard workflows of each laboratory in three Placenta I I
separate rounds of measurement. bra

qRT-PCR (3 - 6)

(# detected/# detectable)

ER£ RNA (. FFiE. Baf) OmERY > TILES TSAVRS T ILIE. 3EDAIE CRERE
DFERL. mRNA RBITHITORBARGEE QEZEWLD—ro0—%2FHALTITAT74

ERAL, JoTEnELE



miRNA Reference Samples for Interlaboratory Study

Metrics and visualizations derived from

mixture samples are well suited for assessing
performance of genome-scale measurement
systems used to identify differentially regulated

mMiRNAs.

Reference samples are made from biological

materials similar and provide a sufficient

number of differentially expressed miRNAs
with predictable ratios to serve as benchmarks.

Implementing these metrics and visualizations
as part of an online resource offers laboratories
the opportunity to evaluate and optimize their

discovery process.

BEMOYUTILHILELNBHLEHE
BIURAREEIELG- A INT-
miRNAs Z I 5DIZERT 545/
LRT—IILDBIE AT LDEREEE
FTTB=HIT5->TDIFTH S,

SEZEYUTILIE EMFERIME NS
LHNTHY. AFv—IELTHERE

H51=01Z, TR EELLEEEZFE D>+ 57
D EFFHEIR miRNAs i LET.

INDDAN)YREEDATSAE—

AVEFTAV))—AD—ERELT
ERKYHCET, FREFRETOERE
AL . mEE T AR ZEIRHMLET,

Pine et al., BMC Genomics. 2018 Mar 6;19(1):180



Lili Wang,
Project Leader,
4 A Flow Cytometry

EXTRACELLULAR VESICLES

Strategies for Developing Reference Materials and FEIO—Y A AR —ZE BN EEEDOZL

Procedures for Reliable Exosome Measurement Using 1 v)y— /st - DIEEMBE B LUF

Quantitative Flow Cytometry IIE 0D BS S8 B BE

*  Size, concentration, and fluorescence intensity . TO—HARA—A—DBE B LU LS
calibration materials for characterizing scattering and R E A M (F B0 DH A R EEE .
fluorescence detection sensitivity of flow cytometers 5 LUV S EE AL TE AL

*  Exosome reference materials for fit-for-purpose - IXVY—LAZRATOSEEH (K&
applications (exosomes from various cancers) MRADIY Y Y—L)

*  Building an ultra-sensitive quantum flow cytometer e IEXYY—LBHEINEDRHDBRES K
for exosome detection and enumeration. ESFIO0—HA A4 —DIEE.

*  Development of reference methods/procedures for
reliable flow analysis of exosomes that incorporate YA A—F—KIE. 518, T¥VY— L%
cytometer calibration, counting, and exosome $HAAATEITXYY—LDEBEEOSIND
reference materials. O—f@fT D= DSBAE/FIEDEHZE,



Blood PAC

BLOOD PROFILING @ ATLAS IN CANCER

The Blood Profiling Atlas in Cancer (BloodPAC)

Consortium was launched to accelerate the NABEDIERERET S7=HIZ. JFURN
development and validation of liquid biopsy assays ~ A4 7Y —7 VA DRAFE LR T NET S71=
to improve the outcomes of patients with cancer. DI EOMBRITOTFAI T TSR

(BloodPAC) O —L 7 LWFERLELT,
BloodPAC will develop a collaborative

infrastructure that enables sharing of information BIOOEPAC . EFE ODEBEH'%% DG EE e
between stakeholders in industry, academia, and ZOREICT DHRRBIAVITTEEET D,

regulatory agencies.

BloodPAC [&, 1) /A MDIEEFLEATHSD
BloodPAC is a consortium managed by the Center AMAEREMEEVF— (D) NEET LY
for Computational Science Research, Inc. (CCSR), V=T LTY,
which is an Illinois based not-for-profit

tion.
corporation https://www.bloodpac.org/



https://www.bloodpac.org/

BloodPAC Goals

The goals of BloodPAC are: to aggregate, BloodPAC M BRIERDEHYTY: £HIL.
make freely available, and harmonize for BHHRICFARGEIZL. IG5 TTD =8
further analysis: [CERFISHE %:

* data from CTC, ctDNA, proteins « CTC. ctDNA. EGEEB S nAZET
including tumor associated BB . BEXUOIXYY—LTYEA
autoantibodies, and exosome assays, MoDT—42IE,

 associated clinical data, such as clinical o BEIREZHT. BEERRKLUVEIRTE DR
diagnosis, treatment history and EYHERRT—4, And

outcomes. and o HUTJINREK. EREIVLEDETE
» sample collection, preparation and £,

handling protocols.



BloodPAC Goals

The BloodPAC Consortium includes BloodPAC A —>F LIZIX . PHTEIT .
representatives from academia, private R EH. EE. BFNLDREENEFE
foundations, industry and the government NTEY RIANAA TS —0 BIERTEE

that are working to accelerate the KEREDOEE. EB LUV MmE (R ET

exploration, implementation and assessment  ZZLAEHMPELTLNVET . EEDHESDE
of potential clinical utility of liquid biopsies g7 ELFIEEET S,

with the aim to understand the temporal

evolution of a patient’s disease.



A Range of Assays are in Development for Different
Tumor Products in Blood and other Fluids

BloodPAC Data Contributing Members

cfDNA cfRNA cfProtein Exosomes  CTC Future Analytes

| | |

Aggregation of Existing Data and New Data Generation

Contribution to BloodPAC Data Commons



BloodPAC Members

& cCC AMGEN ® ) NOVARTIS

OPEN COMMONS CONSORTIUM EPIC SCIENCES™

E
NATIONAL : P G D
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INSTITUTE |y
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FOUNDATION

MEDICINE

o

FOUNDATION

= e

CytoLumina i ™
A Ot SevenBridges GUARDANTHEALTH ~ PROVISTA

TECHNOLOGIES, CORP.

gy N \ PROSTATE
v ThermoFisher THE UNIVERSITY OF M ial Sloan Ketteri
sysmex SCIENTIFIC CANCER CHICAGO Caneor Center

THE ARKANSAS BIOINFORMATICS CONSORTIUM (AR-BIC) . ASTRAZENECA . BIODESIX. BREAST CANCER RESEARCH FOUNDATION (BCRF) . CELGENE . CHOP, COLLEGE OF AMERICAN PATHOLOGISTS (CAP) . CYTOLUMINA . DEPARTMENT
OF DEFENSE (DOD) . EPIC SCIENCES . FDA . FOUNDATION MEDICINE . GENOMIC HEALTH . GUARDANT HEALTH . MEMORIAL SLOAN KETTERING CANCER CENTER . NATIONAL CANCER INSTITUTE (NCI). NOVARTIS . OPEN COMMONS
CONSORTIUM (OCC) . PCCTC, PERSONAL GENOME DIAGNOSTICS . PFIZER . PROSTATE CANCER FOUNDATION (PCF) . PROVISTA . SEVEN BRIDGES . STRECK. SYSMEX INOSTICS . THERMO FISHER SCIENTIFIC . UNIVERSITY OF CHICAGO .

UNIVERSITY OF MICHIGAN . UNIVERSITY OF SOUTHERN CALIFORNIA, WEILL CORNELL MEDICINE.

,, \ |
HFDA  asrazenccs>r  BCREZ : LEXENTBIO ~ Welicomel STRECK@®

The Children’s Hospital
of Philadelphia®
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