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General Challenges in MR Quantification

Arbitrary (and spatially- / temporally-dependent) signal
intensity units

ogeneity of B
Magnetic field gradient nonlinearity and/or miscalibration

RF coil dependency: RF coil type, B, se
subject positioning within the coil, dielectri

Slice profile variations (with RF pulse shape, flip angle, efc.)

— System stability issues (RF & gradient subsystems, B,, RF
coils, etc.)

A\ BiscE

B, Magnitude & Homogeneity

* In general, increasing B, => increasing signal

* B, inhomogeneity yields:

spatially variant signal intensities in general and spatially
variant fat suppression when chemically selective saturation
methods are utilized.

Particularly poor quality of echo-planar imaging and MR
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In-Plane

Gradient Field Nonlinearities

Gradient Field Nonlinearity Effects
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Through-Plane

Slice at isocenter
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Primary Limits on Spatial Accuracy

e System Limitations
Poor B, homogeneity
Linear scale factor errors in the gradient fields
Field distortion due to induced eddy currents
Nonlinearities of the gradient fields
¢ Object-Induced
— Chemical shift effects (fat / water displacement, in-plane and slice)
/oxel magnetic susceptib
ue)
are minimized with noi
ion parameter:
expense of SNR. [Importance of Tec

General Challenges in MR Quanti

Arbitrary (and spatially- / temporally dependent) signal
intensity units

— Magnitude and homogeneity of B,
Magnetic field gradient nonlinearity and/or misca

RF coil dependency: RF coil type, B; coi
subject positioning within the coil, dielectr

Slice profile variations (with RF pulse shape, flip angle, efc.)

m stability issues (RF & gradient subsystems, B, RF
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B, Non-Uniformity

N

B, response non-uniformity & dielectric resonance effects
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General Challenges in MR Quantification

Slice profile variations (with RF pulse shape, flip angle, efc.)

5 mm SE 5 mm fast GRE
4060

to increased partial
volume effects.

- N ) Flip angle cali
5.07 mm 5.78 mm can also be ne
affected.
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General Challenges in MR Quantifi

stem stability issues (RF & gradient subsystems, B,, RF coils

0

or quantitativ
longitudinal studies, a rigorous quality control
program is critical.

Geometric accuracy

lice thickness
Scamner: AV

I-to-noise
Avg. FWHM: Coronal Plana s
Uniformity

High contrast spatial resolution
Center frequency

Transmi

ADNI

Multicenter, multivendor study

Optimized pulse sequence /
acquisition parameters for each
platform

MagPhan/ADNI phantonr
each measurement point

Access to vendor gradient ¢
parameters

With full cor

nonlinearities and optimized
atial
an be

‘Grams of Copper Sulfate
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Spheres Penta Hydrate per liter
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Current MR QIB Applications
Apnn—

Currently available MR QIBs:
— Lesion size assessment for treatment response

* Lesion dimension (single, dual)
aluation Criteria in Sq Tumors
sessment in Neuro-Oncology

* Lesion segmentation (volume calculations)
— Single feature (single weighting) - Rare
— Multi-feature (multiple weightings) - Very rare

T2 signal intensity T Lintensity

Current MR QIB Applications

Annn—

Currently available MR QIBs:
— MR Spectroscopy

* NAA/Cr, Cho/Cr, Citrate/Cho, etc.
- |

Current MR QIB Applications
Apnn—

Currently available MR QIBs:
— Multiphase dynamic contrast enhanced T1-weighted MRI
* Breast, liver, brain, prostate (DCE-MRI)

Vi i+ \

e

&

Pre-Gd Post-Gd »
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Current MR QIB Applications
Aprn—

Currently available MR QIBs:
— Diffusion MRI
« Apparent diffusion coefficient (ADC)
¢ Quantitative ADC seldom used clinical alitative review of

Current MR QIB Applications

Hppro—

Currently available MR QIBs:
— In-phase / out-of-phase imaging

* Fatty infiltration (liver, adrenal gland)

In-phase Out-of-phase

In-phase Out-o

ter-mriblog.

Current MR QIB Applications
Aprn—

Currently available MR QIBs:
— Flow (macros c
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Current MR QIB Applications

Currently available MR QIBs:
— Flow (microscopic)
« Perfusion MRI
ghted Gd-enhanced DSC-MRI in brain
al spin labeling

Current MR QIB Applications

Annn—

Currently available MR QIBs:
— Flow (microscopic)
« Perfusion MRI

T, Map

Current MR QIB Applications
Apnn—

ailable MR QIBs:
c cine MR

ging — my
 Delayed enhan
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Current MR QIB Applications
Appro—

Currently available MR QIBs:
— Iron load
* Multi-echo T ighted

Current MR QIB Applications
Appr—

Currently a ble MR QIBs:
— Cartilag
 Ultrashort TE multiecho T2*-weighted

ssment

M 111 -140
W 144 - 255

Wow...this is great...

A

...so why aren’t we routinely using all
these cool MR QIBs in the clinic???
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¢ Technical challenges of MR quantitative imaging biomarkers
(QIBs)

¢ Examples of clinical & clinical r
Modality-specific barrier: ng QIBs

amples of modality-specific solutions

Challenges for MR QIBs

+ General MR QIB challenges — in addition to cost V¥

— Lack of detailed assessment of sources o
— Lack of standards (acquisition, data processing, and reporting)
* Varying measurement results across vendors and centers
support from imaging equipment vendors
urement results ss vendors
urement results time for any particular vendor
iable quality control procedures

ing measurement results across centers

ing the bar: From mo: logical to functional MR QIBs
— DCE-MRI and DSC-MRI (mic cular extraction-flow, volume, etc.)
— Diffusi (cellular density, cell volume fraction)
(biochemical concentratio

Dynamic contrast enhanced MRI

Plasma
Flow Endothelium

Pla;
Cp. vp

Gd] in pla
Gd] in ex
K = endothelial transfer constant (min-')
ate (min-')
S volume (= K" /

10:223-232, 1999.
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What are the challenges with DCE-MRI?

-TRR,
(] —cosa e

vascular ROIs (l*msotz

K"””L:C,(t')e_k“”(r_rv) +VPCp(t)
B 1—Hct

}

Determine vp, K™, and k,,,, from non-linear fitting of C, () and Cp(1) data

G.(1)

e A\bDACC R Researer),

What are the challenges with DCE-MRI?

K'ans Simulations — T, Dependence

o

Ktrans vs Lesion T1 %eciff T1 - 9%t Ktrans

-16.7 28.7
-8.3 12.6
0.0 0.0

83 104
\0\.< 167 183

Ktrans (minA-1)

1200
1 (ms)

AAPM 2012 — E. Jackson




DCE-MRI data acquisition challenges

 Pulse sequence
e must be well characterized and maintained for duration

— Contrast respor
of study (or a proc ion for changes must be developed)

Temporal resolution
rmacokinetic model and parameters of interest

choice of
<~2-5s) for generalized kinetic model with estimation of Vp

T comper

« Must be rapid

+ Recommended to be <10's for any pharmacokinetic model

DCE-MRI data acquisition challenges

* Spatial resolution
— Must be adequate for target le
* Anatomic coverage
— Should fully cover ta
* Motion
ively during acqu
or deformable regi

DCE-MRI data analysis challenges

A —

Many choices to be made, each impacting bias and variance:

— Mitigation of motion effects (if necessary)
« Retrospective (rigid body, deformable)

— Vascular input selection
* Manual ROI vs. automated identification of vascular structure pixels
* Reproducibility

— Lesion ROI(s)

ion criteria

ingle averaged pixel uptake curve or pixel-by-pixel fits
ing) or simple

— Modeling of: gadolinium concentration (requiring T1 ma
change in signal intensity data
— Reporting of results (structured reporting)
B
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General As Yet Unmet Needs

A —

To move MR QIBs from exploratory / secondary
endpoints to primary endpoints / surrogate markers:
— Sources of bias and variance need to be well understood and effects
mitigated to the degree needed.
There e> need for standardized ac ion pulse sequences
and ana techniques for MR QIB studies.
ical & digital) test data need to be
to test new releases of pul quences
and ana oftware. (For each MR QIB of interest.)

General As Yet Unmet Needs

A —

To move MR QIBs from exploratory / secondary
endpoints to primary endpoints / surrogate markers:
— Imaging biomarker to tissue-based and outcome measure
comparisons are needed for validation.
— Reproducibi (test/retest) studies are lacking in several key
areas.

Outline

Hpn—

Technical challenges of MR quantitative imaging biomarkers
(QIBs)
Examples of clinical & clinical research MR QIBs

Modality-specific barriers to using QIBs

Examples of modality-specific solutions
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Quantitative Imaging Biomarkers —
First Steps

NIST USMS Workshop 2006
Representative Agencies / Organizations

RSNA =2
A &

The ternatonal Socety
for OptcalEnginering

JATIONAL

¥
ANCTR

svikvi ACR' CDER

RADIOLOGY
&z

Quantitative MR Imaging Initiatives
NCL RIDER and Academic Center Contracts

NCIL: Imaging Response Assessment Team (IRAT)

RSNA: Quantitative Imaging Biomarker Alliance

ISMRM: Ad Hoc Committee on Standards for Quantitative MR

AAPM: Quantitative Imaging Initiative / Working Group for
Standards for Quantitative MR Measures

NCL Quantitative Imaging Initiative (QIN)

Core Labs: ACRIN, CROs, etc.

NCI RIDER

A

— Reference Image Database to Evaluate Response

NCI Cancer Imaging Program RIDER

— Collaborative project for development and implementation of
a caBIG public resource

Series of 4 manuscripts (intro, CT, PET, MR) plus an
editorial in Translational Oncology (Dec 2009) with data
made publically available through NCIA (phantom and
anonymized clinical trial imaging and meta data)
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| Cancar Insttite

Progre

NCI RIDER — Available Data
A\ —

Charles Meyer

UNIVERSITY OF MICHIGAN

+ Images contained in "RIDER Breast MRI" Collection

+ Repeat measurements: Human subjects: Breast

* DCE MRI

« ISMRM 20 ter demonstrates how each of the "coffee break® exams were used as an estimate of each patient's null hypothesis|
e, distribution associated with no change, and thus supports the estimate of the nulfs 97.5 percentile for subsequent estimation of
early response to necadjuvant chematherapy on an individual patient basis.

DUKE UNIVERSITY

Daniel Barboriak
« Images contained in *RIDER Neuro MRI* Collection

« Repeat human subject studies: Neuro

+ Dynamic Contract Enhanced studies: DCE MR

Diffusion weighted imaging: DWI MR
Diffusion tensor imaging: DT MR

MDACC

Edward Jackson

+ Images contained in "RIDER P MRI* Collection
+ Repeat measurement: Phantom studies
+ DCE MRI

splay/CIP/RIDER

N\

Modality Technical

Committee: Committees

QIBA

(Quantitative
Imaging
Biomarker
Alliance)

Biomarker
precision /
instrumentation

www.qibawiki

RSNA QIBA Structure

QIBA Steering Committee
Chair: Daniel C. Sullivan, MD
Vics Char:Edward . Jackson, PhD

WM Modsiity Committes Comnntree US Modality Committee
Paui £. Knahan, PHO Timothy Hall, PhD
Richard L Wabi, MO 0

Richard A. frank, MO, PHO Andy Milkowski, PhD

AOF WA SWs-US
Toch Comnition Comaiig Tech Committee
i 2 e Timotny Hll, RO
Sirid s Ao o S Brian Garra, UD
Uiiiee i Andy Mikowsid, PhD.
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— Improve the value and practicality of quantitative imaging
biomarkers by reducing variability across devices, patients,
and time.

/ sources of error

ative results from
imaging methods

y potential solutions
t solutions

Promulgate solutions

e ~$1M/ year investment by RSNA

RSNA QIBA Approach

« Transformational — addresses gap; impacts public health
. ional - concept proved; ready to advance

* Feasible — good chance to succeed in near term

« Practical - leverages existing resources and technology
G ive - engages v

* Identify significant sources of variance

* Estimate achievable repeatability and accuracy
+Validate underlying assumptions and mechanisms
* Determine details critical to specify in the Profile

* Document the agreed parameters and procedures
« Converge practice; reduce gratuitous variation
« Initiate regulatory engagement

« Specify details necessary to be robust in general use
* Drive out any impeding variance and complexity
* Make details stable, clear, implementable, testable

¢ QIBA (UPICT) Protocols
— de: al trial subjects or patien
ieve reproducible quantitative endpoints when those te:

performed utilizing systems that meet the specific performance claims
stated in the QIBA Profiles

should be imaged s




RSNA QIBA Approach

Other RSNA QIBA efforts
Meetings with equipment vendors

ducation / raise awareness of quantitative imaging (radiologi

Securing (limited) funding for support of projects
Committ

RSNA QIBA Profiles
A

Major components of a profile:
— Executive Summary
Clinical Context and Claim(s)
Profile Details
* Subject handling, imaging procedure, image post-proce
parametric image formation and analysis, archival and distribution of
data, quality
Compliance
* Acquisition, ancillary equipment, e.
procedures, performance site requirements, efc.

Appendices, including model-spe

RSNA QIBA Profiles

DCE-MRI Profile
— Title: Profile: DCE MRI Quantification
— Claim:

Quantitative microvascular properties, spec
(K"s) and blood normalized in area under the
concentration curve ([AUGCgy), can be measured from DCE-MRI data
obtained at 1.5T using low molecular weight > ar gadolinium-
based contrast agents within a 20% test-retest

d tumors at least 2 cm in diameter.
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Qe
Define Profiles and
Conduct Groundwork

Validate Performance

Users and Purchasers

Buckler, et al.. A Collaborative Enterprise for Multi-Stakeholder Participation in the Advancement of
Quantitative Imaging, submitted, Radiology 258:906-914, 2011

Modality | Institution

MR

cr

VOLCT | Columbla Un

Project Titie Primary
Investigator
DCE-MRI | Duke University Medical | Digital Aeference Objeet for DCE-MRI analyss s0ftware verification Doniel Barboriak,
| Genter | Mo
The University of Texas | DCE-MA tion, and Analysis, Edward lacksan,
M.D. Anderson Cancer PhD
Center
VirtualScopics, nc. Software Development for Analysis of QIBA DCE-MRI Phantom Data Edward Ashion, PHO
MRI | Duke Brain Imagi ent of .
| Analysis Center Reproducibility Metrics |
Medical College of re surg, " mand | EcgarDevoe, PhO
iscor Functianal Reproduciity | |
FOG-PET-CT | Johas Hopkins University | Analysis of SARC 11 Trial PET Data by PERCIST with Linkage to Clinkal Outcomes Richard Wahl, MO
School of Medicine 1
University of Washington | QIBAFDGPET/CT Digial Reference Object Project | Paui Kinanan, Pho
vu al marker, post and | Otte 5. Hoekstra,
Center, The Nethelands | Guring systemic.and mors__| MD, PhD
fversity Valdation of Volumetric CT a5 a Blomarker for heng Zhao, DSc
Medical Center |
David Geffen School of | Assessing Measurement Varabiity of Lung Lesions in Patient Data Sets Michael MeNit
Medicine at UCLA, Gray, PhD
| Department of Radislogy |
Ouke University Medical | Devek F Assessment and etrics for jgngnChestCT | Samuel Richard,
Center Pho
ring g - part-solid Kavita Garg, MD
Denver, Departmentof | glass) volume, longest diameter and CT attenuation resulting from eifferences in
y o » m
SUB-AWARDS: Inter-scanner/inter-clinie comparison of reader nodule siing in CT imaging of 3 phantom | Charles Fenimare,

| PhD (Project Mg)

Round 1
odality Institution

MR

RSNA QIBA MR Projects

DCE-MRI | Duke sity Medi
Center

Project Title Primary
Investigator
Oigital R for DCE-MRI analysis Daniel Barboriak,

M

The University of Texss | DCE-MRI Phantom Fabrication, Data Acquisition and Analysis, and Data Distribution Edward Jackson,

M.D. Anderson Cancer

Center

[ VirtualScopics, inc Software Development for Analysis of QBA DCE-MRI Phantom Data | Edword Ashton, Pho

MR | Duke Brain Imaging and
Analysis Center
Medical College of
Wiscensin

DCE-MRI [ACR / UPenn

Reproducibility Metrics !
Quantitative Measures of MR Reproducibiity for Pre-Surgical Planning — Long Termand | Edgar DeYoe, PhD
Functional Reproducibility

Quantitative Measures of MRl Reproducibilty for Pre-Surgical Planning - Development of | James Vayvodic,
PhD

Test-Retest Evaluation of Repeatability of DCE-MRI and DWI in Human |Mark Rosen, MD,
Subjects PhD
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Johns Hopkins

University

Validation of Breath Hold Task for Assessment of Cerebrovascular
Responsiveness and Calibration of Language Activation Maps to Jay Pillai, MD
Optimize Reproducibility
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RSNA QIBA: DCE-MRI Technical Committee

— Phantom measuremer
« Phased a

Bod qu

SNR acquisition

VFA T1 measurement acquisition

* DCE acquisition
— Each of the above acquisitions repeated with
phantom rotated by 90, 180, 270, and 360°

— All acquisitions repeated one week later

— Data from 4 vendors at 3 centers

— Core lab data analysis (VirtualScopics)

hutp://qibawiki.rsna.org/index.phptid

'RSNA QIBA Phantom & Analysis SW

Original Data - All Rotat 06/15,22/09 MDA

Difference in T1 from
1000 eac ntrast sphere,
week 1 minus

Average T1 (ms)

All Rotations - 06/15,22/09 MDA

Difference in R1 from
each cont
week 1 minu

Average R1 (s)

RSNA QIBA —
Multiple Vendors / Three Time Points

Uncorrected — Site 2 / Vendor B rrected — Site 2 / Vendor B
X

20 25
IR RI (1)

X

20 25
IRRI(s")




RSNA QIBA Phantom & Analysis SW

Funded by RSNA
/NIBIB contract;

Paircarbonate <
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The Phantom Laboratory, Incorporated

SIS Faxsisening
Ty

Phantom d
initial rel

Auto ROI determination

DCE analysis

SNA / NIBIB contract;
PI: Ed Ashton, VirtualScopics

RSNA QIBA Digital Reference Object

NIBIB/RSNA Subcontract — Round 1 (PI: D. Barboriak, Duke)
— Develop DROs for
* DCE-MRI signal intensity curves corresponding to
varying K", v, v, and k, values (with varying S,
valu ampling interval, jitter, noise)
* T1 mapping data with varying T1 and equilibrium
magnetization values (with and without added noise)
— Can be used for comparison / qualification of DCE-MRI
analysis software packages.
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RSNA QIBA Digital Reference Object

v, output

k17

supn Y OU

k,, Output
217 |

Ktrans OU[pU[ h
Source Data: B: ab QIBA_v is ol

Analysis

S;=5000

117 gy Version 70

RSNA QIBA Digital Reference Object

RSNA QIBA Test/Retest Protocol

NIBIB/RSNA Subcontract — Year 2 (M. Rosen, UPenn)

* Primary goals and objectives — in vivo test/retest protocol

— 1) Determine the test-retest performance,
coefficient of variatio

essed by the
n, of the median pixel values of K'rans
and JAUGC,,, using the whole prostate as the target “tumor”

2) Determine the test-retest performance, as assessed by the

coefficient of variation, of the median pixel value of ADC
using the whole prostate as the target “tumor”

ACRIN Protocol 6701




ISMRM Ad Hoc Committee

¢ ISMRM: Ad Hoc Committee for Standards for Quantitative MR
— Membership includes MR physicists, technologists,
radiologists, NIST representatives, NIH representatives,
vendors, pharma. Expertise in research trials using
quantitative MR.
— Current status:
* White paper on quantitative MR
« Design specifications & construction of a MR system
phantom (collaboration with and funding by NIST)

« Initial multicenter/multivendor phantom pilot studies

http://wiki.ismrm.org/twiki/bin/view/QuantitativeMR/

High contrast resolution

9
2

Dad~m

0.60.7,0.8,0.9, 1.0 mm

RI Measurements

R1 Measurements

10000

Target R1 () Target-Measured

Data acquisition and analysis — MD Anderson
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R2 Measurements

R2 Measurements

00 120 140

Data acquisition and analysis — MD And

1surements

Data acquisition and analysis — MD Anders

Section Thickness Assessment

Smoothed Derivative of ERF

Edge Response Function

From derivative of ERF, the section

FWHM) was computed to be:

26.8 mm x tan(10° .99 mm fc 0-mm slice

20.5 mm x tan(10°) = 3.01 mm for a 3.0-mm slice

Data acquisition and analysis — MD Anderson
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=10/ x]

120.01%120.01 mm (256x256), 16-hit, 128K

Data acquisition and analysis —

=lax [lsezz JRESTE
750.011250.01 mim QS6X250) 16-bi 126K 750.014250.01 mim QS6X250) 16 126K

Source data: b 41 NEMA
53.2 Method 1 o,
ROl

43 NEMA
62.1 Method 4
Ohackground

Data acquisition and analysis — MD Ande;

i
i

§=11

Eepddbigep !

Axial =y
5 i "
w/ GW S

Data Analysis:
Jeff Gunter, Mayo el
(Based on ADNI project) G D

Data acquisition —~ MD Anderson 2 : e
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ISMRM/NIST System Phant m

ISMRM/NIST — Current Status
Mrn—

Two prototypes were produced and distributed for initial testing
on GE (MDACC) and Siemens (MGH) 1.5T and 3.0T scanners
itial prototypes being modified based on initial data review

SBIR Phase |

— Awarded from NIST to phantom manufacturer for
ment of commercial prototypes with target ¢

SBIR Phase I

— Production of 50 cc or distributio sites willing to

E] CORE LABS>NCI-COIE QUALIFICATION PROGRAM

IMAGING NETWORK

NCICENTERS OF QUANTITATIVE IMAGING EXCELLENCE

The Centers of Quantitative Imaging Excelience (CQIE) program was developed in response o a
sollctation for proposals issued in December 2009 by SAIC-Frederick on behalf of the National Cancer
Institute (NCI). The primary objective of the CQIE Progeam is to estabish & resource of trial ready’
sites within the NCI Cancer Centers Program that are capable of conducting dinical trals in which there
is an andfor function: aging endpoint. In support of this objective, the
CQIE program Is designed to qualify sites in the following quantitative imaging methodologies:

INTRODUCTION

[ BRAIN IMAGING I BODY IMAGING ]
PET CORE LABORATORY Volumetric HR “Volumetric CT
MRI/CT CORE LABORATORY E-MI MR
Static ang Dynamic PET-PET/CT Static ang Dynamic PE

VIRTUAL IMAGING EVAL WORKSPACE

‘The CQE Program was developed with input from and collaboration with the broader scientific
community incluting experts assodated with ACRIN, AAPM, SNM and RSNA/GIBA. Participating cancer
centers wil undergo an iniial qualfication assessment and then annual requalfication for an additional
3 year period. The qualfication requirements indude annual phantom scans, cinical Lest images (MR
and PET), and a standardized set of routine QC activities.

Currently, CQIE partiapation is open only to the 59 NCI-designated Cancer Centers. For
implementation purposes the cancer centers were divided into two grougs. Initial qualification of the

cancer centers composing Group 1 began in August 2010. Initial qualification of the Group 2 cancer
centers began in February 2011 and should be complated by mig-July 2
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Quantitative Imaging Network (QIN)

¢ NClI-funded (CIP, UOI funding mechanism)

* QIN consists (currently) of 12 funded centers

* Five working groups
— Data Collection V
Image A and Performance Metr
Bioinformatics/IT and Data Sharing
Clinical Trial Design and Development
Outreach: External/Industri

Quantitative Imaging Biomarker Efforts

RSNA Quantitative Imagi
Biomarker Alliance (QIB sment Teams /
& U 1antitative Imaging
Imaging in Clinic rials Network (NCI)
(UPICT)

ing Response

Imaging Equipment Vendors, | _( NCI/FDA /NIST} | Imaging Scientists / Animal
Pharma, & CROs \Scientific So ieq/ Imaging Cores

Imaging Bioma y
Control / Phantom NCI caBIG Ima,
Development Groups Workspace

(NIST, FDA (NCIA, LIDC, RIDER)

Modality-Independent Issues

A

The Toward Quantitative Imaging (TQI) task force of the RSNA
definition:

Quantitative imaging is the extraction of quantifiable features
medical images for the a sment of normal or the severity, degree of
change, or status of a disease, injury, or chronic condition relative to
normal. Quantitative imaging includes the development, standardization,
and optimization of anatomical, functional, and molecular imagij
acquisition protocols, data analyses, display methods, and reporting
structures. These features permit the validation of accurately and precis
obtained image-derived metrics with anatomically and physiologically
relevant parameters, including treatment response and outcome, and the
use of such metrics in research and patient care.

ticipation in the Advancement of
14,2011
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Modality-Independent Issue

A —

The Toward Quantitative Imaging (TQI) task force of the RSNA
definition:
uantitative imaging is the extraction of quantifiable features from

medical images for the a sment of normal or the severity, degree of
change, or status of a disease, injury, or chronic condition relative to
normal. Quantitative imaging includes the development, standardization,
and optimization of anatomical, functional, and molecular imaging
acquisition protocols, data analyses, display methods, and reporting
structures. These features permit the validation of accurately and preci.
obtained image-derived metrics with anatomically and physiologically
relevant parameters, including treatment response and outcome, and the
use of such metrics in research and patient car

Buckler, et al., A Collabor: Enterprise for Multi holder Participation in the Advancement of
06-914, 2011

The promise of quantitative imaging

J\ v —

*Patient stratification in order to decide on alternative

Predict
treatments

*Analysis of heterogeneity within and across lesions (can Virtual

assess varying pharmacokinetics, receptor status, proliferative/apoptotic rates, ...) Biopsy
Early prediction of treatment response S
*Basis for modifying therapy Tx

*Monitoring for Treatment Efficacy A?er
X

sLongitudinal monitoring and evaluation (can be done before

Follow-up
then after ituting for longil tissue biopsy)

Buckler, et al., A Collaborative Enterprise for Multi-Stakeholder Participation in the Advancement of
Quantitative I . Radiology 258:906-914, 2011

AN

Modality-Independent Issues

General quantification challenges
— Lack of detailed assessment of sources o
— Lack of standards (acquisition, analysis, and reporting)
ying measurement results acr endors and centers
— Lack of support from imaging equipment vendo
* No documented competi advantage of
rement results acr
rement results across time for any
— Highly variable quality control procedures
* QC programs place, typically not spec or quantitative im

— Varying measurement results centers

——
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Modality-Independent Challenges

A —

— Cost of QIB studies (comparative effectiveness)

me key challenges:

— Radiologi:
* QIBs are not a part of radiologist education & training. (RSNA TQI)
tions needed to produce the QIBs are not
integrated into the logists” workflow.

* There are few guidelines for QIB r
* Clinical demand on radiologists is hig “time is money
— Resource availability
logists trained in advanced, quantitative, protocols

imaging scientists, data processing

Modality-Independent Challenges

A —

for:

pplication specific phantom needed for initial validation scans and
ongoing quality control

— phantom acquisition and da

— established

ications; no focus on maintaining signal
s over time
AW

Modality-Independent Challenges

A —

* Scan mode and acquisition pz matched

Single- to multi-

— Acquisition protocol h

¢ phantom need
control

constant monitoring for change:
ngoing quality control)
— Vendors focused on “competitive advan

quantitative imaging applica
A
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Modality-Independent Challenge

A —

Single- to multi-center studies:
— Acquisition protocols
* Harmonization aci centers and vendors

* Distribution and activati

and initial protocol load/test

~ Develop / utilize local expertise

— Widely varying quality control
 Ranging from specific for a given imaging biomarker, to ACR accreditation, to none
« Evenif QCp is in place, it may not test parz s relevant to the study
S ner upgrade dilemma”

— Data management and reporting

Modality-Independent Challenges

Data analysis implementation strategies
acquisition strategies

Choice of model must match data acquisition strategy, e.g.,
temporal resolution of the acquired data

To facilitate testing/validation of various analysis packages,
readily available, standardized test data and analysis results are
needed:
— Digital reference objects

ical phantoms

Modality-Independent Issues
Limitations of the selected imaging biomarker technique v

Data acqu
— Optimization, standardization, harmonization
J ndardization
tion technique (site. etc. dardization
otocol implementation

ion, if necessary

— Motion mitj registration
— Validation st vetted databases
O

Imaging biomarker qualification / valid:
SV n
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