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Areas of Emphasis

1. Design of validation studies

2. Analysis of validation studies

3. Censored event time outcomes
4. Issues in risk prediction

5. Quantitative proteomics methods

6. Biomarker discovery

Dissemination
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Y, and Y, have the same performance, Y, varies with Z, but Y, does not. The
unadjusted ROC curve for Y, is attenuated while that for Y, is not.
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PPV (left panel) and NPV (right panel) curves at t =1, t = 2 and t = 3 years (from top to bottom) after
enrollment. Solid lines, estimates from the Seattle heart failure model; dashed lines, estimates from
the Toronto heart failure model; Gray horizontal lines are for P(T < 1year), P(T < 2years) and

P(T < 3years) in the PPV plot and P(T = 1year), P(T = 2years) and P(T = 3years) in the NPV plot.
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Short Courses

* For statistical audiences

o 2007: FDA (September), JSM (August), SISG (June)
* Plans to expand to other audiences

Software
« DABS website accessible from EDRN website

« Stata commands for ROC analysis to do estimation, comparisons
and regression with and without covariate adjustment

* Plans to translate to R, which is free
« Stata commands for power calculations also

* Proteomics data and code on EDRN website. Code incorporated
Into the Insightful Splus Proteome tool
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Pepe et al.: Design of Phase |l

Biomarker Validation Studies
Check List
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Cllnlcal Context

Define the population; Enrollment criteria and process; Setting for
specimen collection

. Is generality adequate? Consider multiple institutions, heterogeneous
population, simple protocol

. Specify procedures for outcome ascertainment; Prospective specimen
collection prior to outcome ascertainment?

. Define case (seek biomarker positive in cases) and subsets of interest;

Define control (seek biomarker negative in controls) and subsets of
interest; Do all subjects in the population fit into a case or control

category?
. Random selection of cases and controls?
. Matching of controls to cases on factors related to the biomarker?

Consider limitations on questions that can be addressed by the study

Marker Performance

Define TPR= Proportion of cases positive; FPR= Proportion of controls

positive

. Does ‘time between obtaining specimen and occurrence of outcome’ enter
into definition of (TPR,FPR)?

. Are there subgroups of cases and controls for whom (TPR,FPR) will be
calculated separately?

. What are minimally acceptable values (or ranges) for (TPR,FPR) in the
clinical application?

. For a prediction marker: ‘positive’ is defined as the prediction probability

exceeding a threshold. Provide the threshold and rationale for its choice.
Similarly justify a threshold if identification of a low risk subgroup is the
study objective.

. For a prediction marker: define adequate calibration of the risk model

. Does a classification method currently exist? What is its performance?
How will comparative performance be quantified? What are target levels?

Marker Measurement

*Specify procedures for specimen collection, processing,
storage and retrieval

*Specify assay procedures and how results are reported
*Are mechanisms in place to blind specimen handling, assay
and reporting of results to outcome status?

*Are the biomarker data to be combined with other
information on the patient in the intended clinical
application? This could include other clinical information,
other markers, previous measurements of the biomarker in
the patient. Specific algorithm for calculating the combination
must be defined (it cannot be developed within the study).

«If other biomarkers or predictors will be combined or
compared: Describe in detail protocols and procedures for
obtaining these data; Provide assurance that procurement of
these items is blinded to patient outcomes.

Sample Size and Power

*Recall minimally acceptable performance criteria

*Define and provide rationale (data evidence) for anticipated
performance levels.

Calculate case and control sample sizes

Plan for prospective collection until sufficient numbers of
cases and controls are enrolled.

Plan for early termination of the study if appropriate.

‘f
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Administration Development

*Conduct planning meeting *Calculate sample sizes

*Hold regular conference calls *Determine matching criteria

*Create mailing lists *Blind samples

*Develop timeline *Perform inter-lab comparisons

*Track IRB approvals and MTAs *Determine data elements

*Develop Manual of Operations eStandardize specimen collection, processing and
*Resolve intellectual property issues shipping guidelines

*Resolve commercial/industrial issues

sAccommodate FDA requirements

Analysis and Dissemination
«Statistical Analysis

ePublication
eDissemination of Data

_ Data Management
Implementation «Conduct site monitoring visits
*Create case report forms *Prepare reports
*Customize data management tools *Perform quality assurance
*Conduct site initiation visits & training *Hold regular data monitoring committee meetings
*Obtain data *Revise protocol as needed
*Select matched cases and controls *Update Manual of Operations as needed
*Perform sample assay assignment Distribute revisions and updates to performance sites




Flow Chart of DMCC Study.Coordination ~etecti

Researc
Network

Protocol
Administration

+ Develop timeline
+ Schedule in-person Planning Meeting (include "organ site” specialists)
+ Schedule regular Conference Calls {include coordinators)
+ Track IRB approvals and Material Transfer Agreements (MTAs)
+ Develop Manual of Operations
Consider.
+ FDA requirements
» Partnerships/Collaborations
+ Commercial/industry
+ Intellectual Property issues

EDRN
Protocols and Projects
from Start to Finish
(after acceptance by the EC)

« |dentify the participating sites
* Calculate sample size

Protocol
Development

* Determine matching criteria
+ Coordinate blinding of samples
+ Conduct Inter-lab comparison

+ Determine Data Elements

+ Standardize specimen collection, processing and shipping guidelines

Prospective
Specimen Collection

Customize EDRN on-line

*+ Create Case Report Forms
» Conduct site initiation visits
+ Develop training documents and conduct training

* Obtain and consolidate data

* Coordinate Sample Shipment

Protocol data management tools to fit
Implementation the needs of the specific
project
Retrospective + Conduct Mapping
Specimen Collection
* Create Pull Lists
+ Conduct site monitoring visits
Protocol Data * Perform QA
Management + Create reports
+ Set-up Data Monitoring Committee

Dissemination

i + Perform statistical analysis
Rrotocal Analysis and + Write & submit publications

* Prepare to share data via eCAS
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EDRN’s web-based data management system to promote consistent
study execution and high-quality study data collected using Common
Data Elements (CDESs)

Early
Aninfrastructure. far suooorting Detection
V S I M S ud he EDRN Research
Vi [ >ponsored by National Cancer Institute Network ’.?\

Data Entry

User: Stephanie Page-Lester ( Site 1D: 5§ Logout Home Back Print VSIMS

QA Submit Data »

Confirm Eligibility

Specimen Tracking Spocimens

Study Update - DCP: Message Board 2
The EDRN Validation Study entitled "Validation of Serum Markers for the
Early Detection of Hepatocellular Carcinoma” will investigate a new

Reports diagnosgc !;.s})calle_d des-gamma carboxyprothrombin (DCP) for liver As of July 15, 2007,
cancer Study Ovenview enrollment for the

Issue Tracking »

DCP Study has
ended. Cases and
Controls pending

Data Transfer »

Documents: _ enrollment prior to
Study Info d  DCP Newsletter - March/April 2007 July 15th can still be
| - - DCP Mewsletter - January/February 2007 confirmed to the
DCP Mewsletter - November/December 2006 study. Please
remember to
) Recruitment Plots: continue the
FIeXIbIe New recruitment/month 6-month follow-up
Cumulative recruitment for all confirmed

i Controls.
ConSIStent Recruit a Matched Control:

EaSy to Im plement Click here to determine if a potential Control has a matching Case.
Easy to M al ntal n i secure site maintained by COMPASS, Fred Hutchinson Cancer Research Center @. Last updated on 8/3/2007. Contact: ed:ndmcc@ghclc,orgﬁ

Traceable
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Data Entry Specimen Tracking System
*Audit trall *Tracks Original and Child Specimens
*Built-in edit checks *2-D barcodes & heat thermal printed labels
*Easy access to instructions *Tracks specimen-related CDEs
*Print CRFs for site’s records *Assay laboratories are blinded to participant information
eParticipant privacy *All specimens collected in standardized fashion
*Cases and Controls are paired according to matching
- AT criteria defined by the protocol
Confirm E“glb”lty : *Pull Lists are created and Algorithm Batch Lists are
*Consent form status tracking designed for processing lab
*Required/optional data elements

*Assigned study group

*Visit schedules Study Reports Study Information
*Participant Reports *Protocol

Issue Tracking Enrollment *Manual of Operations

«Data Clarification Form Adherence *Bulletins

«Inquiry to Coordinating Center Completeness «Mailing List Subscriptions

*Request from Coordinating Center -Spemm_en Reports Directory

*Status Dtz Lt «Study-specific newsletters
i Specimens Collected

*Full History Status of Assay Results *IRB

Pull Lists

Satisfies 21 CFR Part 11 requirements for data systems and so can be used
to support studies intended for submission to FDA
S
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 Phase structure for biomarker discovery and validation studies
IS being used extensively by the extramural community

 Recognition of chance, bias, and other confounders in
biomarker research through EDRN experience; Corrective
measures and methodologies developed by EDRN are
acknowledged by the statistical community

 Dissemination of methodologies, study design issues and
validation concepts to the research and regulatory
communities, e.g., EDRN-FDA meeting, statistical workshops

o Study designs and methodologies developed for proteomic-
based diagnostics are proving useful to other researchers
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Connecting Biomarker
Research Across the EDRN

Dan Crichton
Program Manager, Planetary Data System Engineering
Pl, EDRN Informatics
Principal Computer Scientist

Jet ProEuIsion Laborator‘, Caltech
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Distributed informatics environments are

being developed to support the capture

and dissemination of scientific results

across physical and life sciences

* Good success cases exist (e.g., Planetary
Data System)

* Provides a data management research
platform for distributed communities

» Technology is not the limiting factor;
technologies and standards exist to connect
enterprises together

« The challenge is informatics infusion into
the scientific discovery process

* Requires an “informatics architecture” to
support the scientific discovery process

» Operational model needs to include cross-
disciplinary team including working scientists;
teams are often organized around sub-
disciplines



Informatics for Biomarker
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« EDRN has pioneered in the use of
Informatics technologies to support
biomarker research

« EDRN has developed a
comprehensive infrastructure to

Data and Computers
interconnected to
form a virtual
database

support biomarker data
management across EDRN's
distributed cancer centers*

e It supports capture and access to
a distributed diverse set of
information and results

*Biomarkers

*Proteomics

*Biospecimens

*Various technologies and data

products (image, micro-satellite, ...)

«Study Management

* EDRN was highlighted for its informatics in a recent NCI-FDA-
AACR report on biomarker research
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EDRN Scientific Knowledge Portal

eCAS
Science Warehouse

(protocol id,

participant_id)
4

(protocol id,

Biomarker_DB

EDRN science data results
(local, distributed and varying
degrees of validation)

(protocol_id)

4

Descriptions of biomarkers
and their use (protocol_id)

Participant DB

Participants and
their
characteristics

Protocol DB

Protocols and their
descriptions

Data elements and
their descriptions

participant_id)

Distributed Specimen
Databases

(protocol id,
participant_id)

VSIMS, eSIS

Descriptions of EDRN studies
-Participants

-Specimen tracking, etc
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EDRN 4 7: .‘? "& R 1-000 Knowledge — EDRN
o W

Knowledge NG

Environment S N,

Earlg Detection Research Network

e Highly scalable scientific

information portal for biomarker

Welcome to the EDRN Knowledge System. The Knowledge System consists of

'y : " —— . & Resources
h % Calendar information from across the EDRN and NCI Enterprise including Biomarkers,
reS ear C L o Science Data and Specimens. To search the Knowledge System enter Specimens
keywords in the search box below. If you have questions, please contact the Protocols
oce! E’k’c ’ EDRN Informatics Team at Edncidcpcbrgedrn-r@mail.nih.gov. Biomarkers
Organs
. Search T

CBRG = o

1 - 7] Research Group Sites
object types” (mass spec,

1 h 1 h 1 Find EDRN Protocols Search examples:
Immunohistochemistry, etc) T U

Finds resources that have "metastatic™ or "marker”, with preference to resources with both

based on the biomarker
iInformation model

Funding Opportunities
"metastatic marker"

S Finds resources with the exact phrase "metastatic marker”
/ F ookshelf

8
Q
¥

metastatic and marker

i Use and to find items with both "metastatic™ and "marker” in the resource
@ Need Help?

. - - ontact us by phor metastatic or marker
L] PrOV| d eS aC C eS S to d | St rl b u ted é 3 EUOJQUCAN]C‘ER Use or to find items with either "metastatic™ or "marker” in the resource
P
. . . . e
re p O S I tO r I eS Of I n fo r m at I 0 n Finds resources that have "meta” as a prefix, such as "metastatic”, "metastasize”,

"metastasis”, etc.

* Provides “google-like” search EDRN Public Science Portal
of the object types
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10,000

4l Home | S intemet Dllodkup % EDRN. S vsivs . o IR
. D Netscape
i

« EDRN has developed a High level ontology model for R —
biomarker research which provides standards for the
capture of biomarker information across the enterprise

» Specific models are derived from this high level

model

—Model of biospecimens

—Model for each class of science data R
* EDRN is specifically focusing on a granular model for T i il —

annotating biomarkers and their studies EDRN CDE Tools

SPa0a — ]

* EDRN has a set of EDRN CDEs which is used to ot o - v 15,0
provide standard data elements and values for the = :
capture and exchange of data '

Instrument

EDRN'’s underlying biomarker information model needs to
be flexible in order to manage a variety of different types of
science data captured by different experiments at different
phases in studying biomarkers...

Resources

1 1 Product
| Product Type Collection
1
Data Files

‘ EDRN Biomarker Ontology Model
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EDRN - Biomarker Database v0.4 Beta

"o jpl.nasa. C alidation Study Information Management System - Netscape

Getting Started  Latest Headlines

vsSiMmsS

R
Nttt Early Detection Research Network

EDRN provides an e

= DCP Adherence Report for Group 2 (Controls)

/ des-gamma carboxyprothrombin
Repont Generated on 1/31/2007 at 4:02:33 P

infrastructure to capture, . | S I I e

| Basic Infarmatian: L ?‘“‘““S‘“ [Total Number |Complstes |
curate and manage e
Short Name: oce — NN il
Identifer: un LY 20 o
H = = | l“—Mwnlei\Hnsmhl 72 3
Security: private 148 e Ginc o T A
lomarker information e e e i
| Type: Protein 147 - Stanford Universiy 60 | £

| Deseription: Hepatocellular carcinoma (HCC) is one of the most common solid T2 el of ey [

- | malignancies worldwide and its incidence in the United States is Jacksonville [12
i increasing (H.B. El-Serag et al, Ann Intern Med 139, 2003, Tot tes 340
- 817-823). Despite all advances in treatment, the 5-year survival of -

patients with HCC still remains at 5%, which may be largely due to cumulative number confimed
diagnosis at late stages of the disease. Hence, biomarkers for its Nurnber Due represents the number of participants who have signed consent at least |?ﬂ days from today and are.
- - early detection are really needed. Since 90% of HCC patients have confirmed. This equals the sum of Pl %
° Blomarker An notatlons e A TS 57S o0 AR T Tr o Barbi D a A G SO
| AL Siramtl. HOE i oei s ity URFSe0und Vandow.

evaluation of the Hv!r with or without measurement of serum Total Number Completed represents the cumulative number of completed follow-up vistis. This equals the sum of

- The sensitive and ‘Completed In Window' and ‘Completed Out of Window"

B k D t b specifc (41%- w») for use in screening. Various other biomarkers c s those participants. o+
' ' l for MGC have been evakuated, Inciudng des-gamma ’

I 0 ar e r a a a.s e | Carboxyprothrombin (DCP) and the fucosylated variant of AFP. f,,":,',:’,':':,,?'a:":mm, fipiniriy he =160 day

(AFP-L3). DCP was significantly better than total AFP or AFP-L3 in Hot. and past the 6 day window

differentiating HCC from cirrhosis, with & sensitivity of 86% and
| specificity of 93% (M.L. Volk et al, Cancer Biomarkers 3, 2007,

° 79-87). Currently, EORN investigators at the University of Mote: Click the link to view the Detail List
Michigan Ann Arbor are conducting a large scale study to confirm
the validity of DCP alone or in combination with AFP or AFP-L3 as a

test for early chinical diagnosis of HCC among cirthotic patients Home | | Back

e Protocols Biomarker Database Validation Study Database

(eS I S) " ’" " G

] e | bt Dy & EDA VB G 5 1t13 S S colle
AL e rre— oo

o Study Results e = sl

Early Detection Research Network

b . ! Product Name: UAB BP22 Processed.asc Associsted With This Product
Resaaich
H ED RN P ROTOCOL Networ - AR BPR2 Precessedase
i ry Syt eeen @ x
Wime Type
cience Dala vvarenouse = e :
1 ) Opening UAB 8722 Processed.asc.zip
Flnase solect a prodocol narme ta get s information in detai 1] i e e S
 lsuwa (751 6.65 83 8892 108 131 142) || Youhave chasen 1o open
Selacted. Al i
lecte [t o | 11 UAB BR22 Processed.asczip
oqeric Activay and Unrogistored { e which is a: PC ZIP Arch
e o it LB iaciat oL Dt S5 Acaican Unragistored | |cAssrosucteceiveaTime  2007-08-09T18:4126.170-07.00 T bl foiee s oL amse o]
thylalion Proies Unrogistered Speciments |
Y Faril Mulple el 1 [ || rtename UAB 22 Processed ase
i Thids a5 + Souce of Disanostc Siomarkers 76 } lorsania T O) Open with | Stufflz Expander (default)
T ot i oo e E + | Praducrype SELDLUAYcessedOu | £8) save to Disk
s Ductal Lavage Thid Soatimen Unrgisored e coe15889-46e2-114c-b7E9-cla0e6329711 00 i eaiorckl Tor RIS WA N foomh it

H as! tissue arra) 1]
usin ommon Data @ @i Z ==
[ Stu jenesis 58

DCP Valdation Stusy Unrmgistarad -
N . Detaciing breast cancer protein signatures in body fluid Unregistered D e N

Detecing Hreast Cancor Sianaiures in Body Fluds i |

Detecion of Bladger CA by Miciosalolile Analypis (MSA 108 |

Detection of cances DA markers in urne Unregistered |

Detaction of Serun Markers of Brwast Cancer uzse Unragisterad

Dotocion of Serum Proteomic Pottems snd SPs in Breast Cancer: A Pilot Stug nz

o

EDRN into an integrated S Science Data Warehouse of

MeCize sk chncte a Viguiiis

01 of Unary Bladdar Cancar Unrogistored

enterprise ”“ML"H*—A B |l EDRN raw and processed
e science data

eSIS Protocol Database
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» EDRN has architected, ERNE, the
EDRN Resource Network Exchange
which provide access to specimens

« Information about available
specimens remains managed at
cancer centers L e

e Access is built using JPL open Bic,
source software for access to oy e S
distributed repositories, the same ' [~®
software used to manage access /
to planetary, earth and J
astrophysics repositores l

JPL developed data
grid infrastructure

Deployed across
several EDRN
sites (~12)

» EDRN has been successful at
integrating a diverse community of
institutions and technologies

*  Many, many different technologies
have been integrated

* EDRN has succeeded in working within
different local institutional policies (IRB, Access to many

Security, etc) different ol T

« EDRN and caBIG have worked repositories, . = 0 e | ‘
together to demonstrate how caBIG using many E”‘ - -
tools can plug into EDRN (e.qg., different ‘ ™ "’i g

caTissue) technologies S onn -

Distributed Data Services
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Early Detection Research Network

. . T R R e e
Focus on access to science data using

Biomarker Search: Lung Status:: Processed 140 / 426 Profiles

general and organ-specific tools :

Patient Characteristics

. Google_like Sea rching O Tracheobronchial Map

Ethnicity

« “Map-based” Searching for organ-

[~ African American

centric information

[ Native Hawaiian or other Pacific

Lingular Division Bronchis B1AB

Islander

faYaXa) SELDI Validation Study — EDRN Demonstration Site R

[~ Other

\ « |£ \Z\ 2 http:/fedrndemo.org/bmdb/protocols/seldi-validation-study/ Q- C

[~ Unknown / refused
Born between [1928 | and 2007

Patient History of Cancer: [~ No [# Yes
Type: Lung |

Early Detection Research Network

I T [y ey vy prowsy ey

Home — Biomarker Database — Protocols — SELDI Validation Study " (search
= Biomarker Study Detail =1
04 | it SELDI Validation Study (see related science Related Resources
data or specimens Prostate Cancer Foundation
DCP‘ oo A Comprehensive Program for the Validation of Prostate Cancer Early Detection with

Novel Protein Identification Techniques -- is divided into three phases. The goal of
Phase | was to assess the reproducibility and portability of Surface-Enhanced Laser mm
Desorption and lonization time-of-flight mass spectrometry (SELDI-TOF-MS) using

protein profiles generated from serum. Phase | was recently successfully completed
at six institutions using a single source of pooled sera. The overall goal of Phase Il is Biomarker Search: Lung Link
DRN Protocols to develop and evaluate an algorithm for classifying cases and controls using protein
profiles produced from SELDI-TOF-MS using serum collected from prostate cancer
cases and non-cancer controls.

Search Results

Patient Characteristics
Pathology Score: 9.
Participant Id: 6.

Gender: [ Male [~ Female

Prostate Urethra Ethnicity. n Pathology Score: 832

Participant Id: 6186616

[~ Caucasian

[~ African American

From biomarker research SELDI Protein Profiles. Pathology Score: 89)
[~ American Indian or Alaska Native Participant id: 6155419

Phase 2 [~ Native Hawaiian or other Pacific L5453 RET3FLY,)
el A ' atl 833
: : Sensitivity Range 36.9 » 46.9 No ¢ Islander Participant ld. 6341689
~ 1-800-4-CANCER Specificity Range 46.9 = 46.9 Effective [~ Asian

Positive Predictive Value Range  12.9 = 23.4 Expected
Negative Predictive Value Range -12.9 = -9.2
Assays Used serum protein profile
Technologies Used SELDI-TOF-MS, IMAC Proteinchip Born between (1928 |and 2007

k 4 Patient History of Cancer: [~ No [ Yes

v Type =
L= ) I Lung = il oo e o
Living in: 30210-0001 | (Zip code) Participant Id: 6096040

[~ Smoker [¢ Non-Smoker
Submit

[~ Other Pathology Score: 21
Participant Id: 6819142

[~ Unknown / refused

Pathology Score
Participant Id: 6097731

Pathelogy Score: 891
Parti

 © cipant Id: 6058037
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e caBIG Interactions

« EDRN and caBIG have worked together to integrate ERNE and
caTissue

* A working pilot exists which will plug in any caTissue site into ERNE

« EDRN'’s underlying Common Data Elements are built using ISO 11179,
a standard that caBIG has embraced for data elements

 EDRN has submitted its CDEs to the caDSR
 EDRN has participated and presented in several caBIG meetings

e Other interactions

« EDRN has met with and shared its architecture and success with other
groups (e.g., Prostate NBN Pilot )

« EDRN participated in the NCI-FDA-AACR meetings on an infrastructure
to support biomarker research providing significant input related to the
EDRN informatics architecture

 EDRN participated in the studies on the National Biospecimen Network
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« EDRN has developed a comprehensive informatics infrastructure for
Biomarkers Research

* It's now at an inflection point as it moves towards an operational model to
capture and curate the information from EDRN studies

* Informatics needs to continue to be agile, evolving to support science research

« New bioinformatics tools can now be developed on top of the
informatics infrastructure which has laid a foundation for access,
management and sharing of biomarker information

« EDRN plans to continue to pioneer its novel biomarker knowledge
system to expand the data and information that is available and to
ensure that it is leveraging and developing modern technologies to
build the “e-science” infrastructure for biomarker research*

*D. Crichton, S. Kelly, C. Mattmann, Q. Xiao, J. S. Hughes, J. Oh, M. Thornquist, D. Johnsey, S. Srivastava, L.
Esserman, W. Bigbee. A Distributed Information Services Architecture to Support Biomarker Discovery in Early
Detection of Cancer. In Proceedings of the 2nd IEEE International Conference on e-Science and Grid Computing, pp.
44, Amsterdam, the Netherlands, December 4th- 6th, 2006.
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