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What is quantitative MRI?

Lee et al, MRM 2019




How are we using quantitative MRI?

Apparent Diffusion
Coefficient (10°®* mm?/s)

Maier S et al, Diffusion Imaging of Brain Tumors
NMR Biomed 2010
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How are we using quantitative MRI?

Apparent Diffusion
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Possibilities of diagnostic quantitative MRI

Benign tumor Malignant tumor
values values

Range of
qMRI value:

Patient’s value
Uncertainty?



NIST’s efforts in quantitative MR



NIST’s efforts in quantitative MRI
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Multi-site T1 variability
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Multi-site T1 variability

Inversion Recovery at 3 T

— s \/endor A
= 20% | Vendor B
8 s \/endor C
C
TG I o o % o ©¢
® Mol 38 28088 %8a o8
c < i t‘J I TY ¥ O Y '

@) J |

‘E -10%

O

.g -20% |

8 1 I [ T N I B 1 1 [ N N B B | 1 I
10! 102 103

T1 relaxation time (ms)



Multi-site T1 variability
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MRI system bias
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MRI system bias
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MRI system upgrades
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MRI system upgrades
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What can you do?

Data acquisition
> Pulse sequences
> Hardware
> Software

Image Reconstruction
> Software

> Can be tied to
guantitative model

> Data storage

low
T1relaxometry

(qT1)
Quantitative Modeling

> Model selection
> Software

Myelin water
fraction
(MWF)

Using the information
> Clinical work

> Biophysical model

> Software
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Controlling the acquisition

fromtiers in ORIGINAL RESEARCH ARTICLE =
blished: 10 Ji 2013
NEUROSCIENCE doi: 16,3388 Inixe.2013.00005 %

Quantitative multi-parameter mapping of R1, PD*, MT, and
R2* at 3T: a multi-center validation

Nikolaus Weiskopf'*, John Suckling?**, Guy Williams?*®, Marta M. Correia®, Becky Inkster?,
Roger Tait?, Cinly Ooi?*®, Edward T. Bullmore®***” and Antoine Lutti'?
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Controlling the acquisition

{fromtiers in

NEUROSCIENCE

ORIGINAL RESEARCH ARTICLE

published: 10 June 2013 %
doi: 10.3389/fnins.2013.00095

Quantitative multi-parameter mapping of R1, PD*, MT, and e

R2* at 3T: a multi-center validation
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Roger Tait?, Cinly Ooi?*®, Edward T. Bullmore®***” and Antoine Lutti'?

Intra-site CoV of R1 (%)

Volume 207, 15 February 2020, 116364

Neurolmage ﬁfﬁ'jg
N

How stable is quantitative MRI? — Assessment
of intra- and inter-scanner-model
reproducibility using identical acquisition

sequences and data analysis programs

René-Maxime Gracien * © & B, Michelle Maiworm * ® < Nadine Briiche ©, Manoj Shrestha ¢, Ulrike Mith <,
Elke Hattingen ®, Marlies Wagner ®, Ralf Deichmann ¢

« Provided that identical acquisition sequences are used, discrepancies

between gMRI data acquired with different scanner models are low.
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Controlling the acquisition isn’t the whole solution

Contents lists available at ScienceDirect

Neurolmage

Neurolmage

journal homepage: www.elsevier.com/locate/neuroimage

Tractography dissection variability: What happens when 42 groups dissect M)
14 white matter bundles on the same dataset? Gk

Kurt G. Schilling®*, Francois Rheault®, Laurent Petit®, Colin B. Hansen, Vishwesh Nath®,
Fang-Cheng Yeh®, Gabriel Girard, Muhamed Barakovic?, Jonathan Rafael-Patino”, Thomas Yu",
Elda Fischi-Gomez", Marco Pizzolato’, Mario Ocampo-Pineda’, Simona Schiavi/,

Erick J. Canales-Rodriguez”, Alessandro Daducci/, Cristina Granziera#, Giorgio Innocenti ¥,

Jean-Philippe Thiran", Laura Mancini', Stephen Wastling', Sirio Cocozza™, Maria Petracca”,
Nitcanna DAantillANl Mattan Mannini0 CiAaard R VacD Vaiaxr N1 UValrharial Tahn € Tainaan




Controlling the acquisition isn’t the whole solution

Brain Imaging and Behavior (2020) 14:1318-1327
https://doi.org/10.1007/511682-018-9994-x

ORIGINAL RESEARCH

® CrossMark

FreeSurfer 5.3 versus 6.0: are volumes comparable? A Chronic Effects
of Neurotrauma Consortium study

Right Hemisphere Left Hemisphere

Erin D. Bigler ' - Marc Skiles' - Benjamin S. C. Wade >** - Tracy J. Abildskov * - Nick J. Tustis
Mary R. Newsome® - Andrew R. Mayer’ - James R. Stone” - Brian A. Taylor® - David F. Tate"
Harvey S. Levin® - Elisabeth A. Wilde®®
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Implementing quantitative MR

uantitative ¥ =
Use a phantom and a < " Imaging ® &
repeatable pipeline. Biomarkers g . rona
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Use phantoms!

ADNI phantom 3D Printed, Agarose-filled phantom
Gunter JL et al., Med Phys 2009 K. Gopalan, J. I. Tamir, A. Arias, M. Lustig, MRM 2021

g hantoms.martinos.or
Isotropic diffusion phantom phantoms.martinos.org

Proton Density Fat Fraction &

R2* phantom
Hernando D et al., MRM 2016




How can we use a phantom?

* Select a phantom for your application
 Test the pipeline that you plan to use for participants
* Site qualification for image acquisition

* Adds logistical complexity
* Doesn’t always represent in vivo imaging




National Institute of

and Bioengineering

p
How the PLL works:

* Easy to use: go to web site, check availability
calendar, submit request for review by NIST.

e 2-to-6-week loans recommended

e Sharing data to common database
encouraged

* Currently only ship within North America

J

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE

Medical Phantom Lending Library

https://www.nist.gov/programs-projects/
Biomedical Imaging nistnibib-medical-imaging-phantom-lending-library

NSt D . S
NIST/NIBIB Medical Imaging Phantom Lending Library

Summary &s ORGANIZATIONS

As part of the MRI Biomarker Measurement Service, traceable magnetic Physical Measurement Laboratory
resonance imaging (MRI) phantoms are available for loan at a minimal Applied Physics Division
cost, plus shipping. Two copies each of the MRI system phantom
developed by NIST and the International Society of Magnetic Resonance
in Medicine (ISMRM) and the MRI diffusion phantom developed by NIST,
the Radiological Society of North America (RSNA), and the National

Institutes of Health (NIH) are available for check out. Contact

Magnetic Imaging Group

& NIST STAFF

MRIStandards@nist, gove -V

IStandards@nist.gove to schedule a loan. Atwo-week loan at each Stephen E. Russek
site is suggested and during the initial startup there will be no charge for the loan. Analysis code, sample Kathryn Keenan
images, calibration data, and references can be found at https://github.com/MRIStandards/PhantomViewer . Karl Stupic

Additional phantoms will be added to the lending library as requested by customers, please email
MRIStandards@nist. gover to submit requests for additional phantoms.

View Phantom Availability Calendar & CONTACT

Contact: stephen.russek@nist.gov




Control the entire pipeline



Control the entire pipeline

A = . A
OVRIE &= (EBIDS OVRI™

Open-source Unified Community  Fully transparent
implementation  user interface data standards workflow

B— ‘



https://zenodo.org/record/6860878
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrm.29292
https://www.nature.com/articles/s41597-022-01571-4
https://joss.theoj.org/papers/10.21105/joss.02343

Control the entire pipeline

Pl White Matter Pl Gray Matter

S2venus
S1lyenus
Glyvenus

S2NaTIVE

S1native

GlyaTive Glyamive

—-——

& Vendor-neutral sequences (VENUS)

Karakuzu et al. https://zenodo.org/record/6860878

VENUS: https://onlinelibrary.wiley.com/doi/abs/10.1002/mrm.29292
gMRI-BIDS: https://www.nature.com/articles/s41597-022-01571-4
gMRLab: https://joss.theoj.org/papers/10.21105/joss.02343



https://zenodo.org/record/6860878
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrm.29292
https://www.nature.com/articles/s41597-022-01571-4
https://joss.theoj.org/papers/10.21105/joss.02343

Use a method with high repeatability and reproducibility



Use a method with high repeatability and reproducibility

* Acquire TSE, MPRAGE, and MRF
data for various scenarios on two
scanners

* Linearly register scanners to each
other via “original” MPRAGE
Images

* Nonlinearly register all images to
MNI-152-2mm via scanner 1
“original” MPRAGE images

Andrew Dupuis, Yong Chen, Michael Hansen, Kelvin Chow, Dan Ma, Mark Griswold, Rasim Boyacioglu. Abstract 2182. ISMRM 2023

Scanner 1 Scanner 2
Original Repetition Reposition Original Repetition Reposition
TSE ‘ TSE ‘ ‘ TSE TSE ‘ TSE ‘

! Synthetic

! Synthetic |

‘ TSE

3D-MRF 3D-MRF 3D-MRF 3D-MRF
| Synthetic
MPRAGE MPRAGE MPRAGE MPRAGE
MPRAGE MPRAGE
Y Transform
Key
MNI-152 Aty e G Harvard-Oxford Harvard-Oxford UCL Probabilistic
Tiw 2mm and FLIRT Matrices | Cortical Atlas Subcortical Atlas Cerebellar Atlas FLIRT
——p>  FNIRT

A\ J

\

r

A

y

Sample Voxel Regions in TSE, MPRAGE, and MRF Source Image Spaces
via Warped Atlas Label Maps




Use a method with high repeatability and reproducibility

MREF is reproducible whether a scan
is repeated:
* immediately
e after reposition on the same
scanner
* repeated on a different
scanner or day

Weighted Mean/StdDev by Region Size

mean + std dev
(bias + agreement)

Intrascanner

Same-Session

Cross-Session

Interscanner
Cross-Session

T1 (%)
T2 (%)
MPRAGE (%)
TSE (%)

0.22 + 2.83
1.06 = 4.38
—1.26 = 6.00
—0.40 £ 5.59

—0.07 £ 2.22
1.41 + 4.04
—3.64 = 6.38
—1.70 £5.89

—1.01 = 2.62
—3.51 = 4.22
—2.25x=7.91
—0.39=7.90

Andrew Dupuis, Yong Chen, Michael Hansen, Kelvin Chow, Dan Ma, Mark Griswold, Rasim Boyacioglu. Abstract 2182. ISMRM 2023




Use a method with high repeatability and reproducibility

MREF is reproducible whether a scan Weighted Mean/StdDev by Region Size
N repeated: mean =+ std dev Intrascanner Interscanner
J immediate|y (bias + agreement) | Same-Session | Cross-Session | Cross-Session

- 0, ‘ — —

+ after reposition on the same 1 (%) 0.22+2.83 | —0.07£2.22 | —1.01 = 2.62
2 (%) 1.06+4.38 | 1.41+4.04 | —3.51+4.22
scanner MPRAGE (%) —1.26 + 6.00 | —3.64 + 6.38 | —2.25+7.91
* repeated on a different TSE (%) —0.40 £5.59 | —1.70 £ 5.89 | —0.39 & 7.90

scanner or day

Quantitative ]

Imaging *® &

Biomarkers gy _

g RSNA
Alliance %

Andrew Dupuis, Yong Chen, Michael Hansen, Kelvin Chow, Dan Ma, Mark Griswold, Rasim Boyacioglu. Abstract 2182. ISMRM 2023



Why does this matter?

Diffusion-weighted MRI Findings Predict Pathologic
Response in Neoadjuvant Treatment of Breast

Cancer: The ACRIN 6698 Multicenter Trial

Savannah C. Partridge, PhD * Zheng Zhang, PhD * David C. Newitt, PhD * Jessica E. Gibbs, BA * Thomas L.
Chenevert, PhD * Mark A. Rosen, MD, PhD * Patrick J. Bolan, PhD * Helga S. Marques, MS * Justin
Romanoff, MA * Lisa Cimino, RT * Bonnie N. Joe, MD, PhD ¢ Heidi R. Umphrey, MD * Haydee Ojeda-Fournier,
MD e Basak Dogan, MD * Karen Oh, MD * Hiroyuki Abe, MD, PhD * Jennifer S. Drukteinis, MD * Laura].
Esserman, MD, MBA * Nola M. Hylton, PhD  For the ACRIN 6698 Trial Team and I-SPY 2 Trial Investigators

DCE-MRI DW MRI

Pre-Treatment

ADC Map



Why does this matter?

Diffusion-weighted MRI Findings Predict Pathologic
Response in Neoadjuvant Treatment of Breast
Cancer: The ACRIN 6698 Multicenter Trial

Savannah C. Partridge, PhD * Zheng Zhang, 1 _ )
Chenevert, PhD * Mark A. Rosen, MD, PhD Paclitaxel £Exp Agent Anthracycline

MD e Basak Dogan, MD * Karen Oh, MD «
Esserman, MD, MBA * Nola M. Hylton, PhD
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Why does this matter?

Diffusion-weighted MRI Findings Predict Pathologic

Response in Neoadjuvant Treatment of Breast
Cancer: The ACRIN 6698 Multicenter Trial

Savannah C. Partridge, PhD * Zheng Zhang, PhD * David C. Newitt, PhD * Jessica E. Gibbs, BA * Thomas L.
Chenevert, PhD * Mark A. Rosen, MD, PhD * Patrick J. Bolan, PhD * Helga S. Marques, MS * Justin
Romanoff, MA * Lisa Cimino, RT * Bonnie N. Joe, MD, PhD ¢ Heidi R. Umphrey, MD * Haydee Ojeda-Fournier,
MD e Basak Dogan, MD * Karen Oh, MD * Hiroyuki Abe, MD, PhD * Jennifer S. Drukteinis, MD * Laura].
Esserman, MD, MBA * Nola M. Hylton, PhD  For the ACRIN 6698 Trial Team and I-SPY 2 Trial Investigators

ADC response were evident during treatment (Fig 4a). AADC
was not predictive of pCR at early treatment/3 weeks (AUC =
0.53; 95% CI: 0.45, 0.61; P = .48). By midtreatment/12 weeks,
mean AADC was greater in patients with pCR than in patients
without pCR (50% = 49 and 36% = 44, respectively) and was
predictive of pCR, with AUC = 0.60 (95% CI: 0.52, 0.68;
P =.017). AADC at posttreatment was similarly predictive, with
AUC = 0.61 (95% CI: 0.52, 0.69, P=.013) (Table 2), although
neither AADC at midtreatment nor AADC at posttreatment was
significant after multiple-comparison adjustment.
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AUC = 0.61 (95% CI: 0.52, 0.69, P=.013) (Table 2), although
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s this actually happening?

YES Clinical Research Organizations (CROs)

Eur Radiol (2017) 27:3662-3668
DOI 10.1007/s00330-017-4736-9

S MRI biomarkers [13] pose different challenges to soluble bio-
markers. Biomarker quality and validity depends on operation of

Repeatability and response to therapy of dynamic an MRI device not primanly designed for quantitative work,
contrast-enhanced magnetic resonance imaging biomarkers perhaps in a manner unfamiliar to users in trial sites.
in rheumatoid arthritis in a large multicentre trial setting Encouraging measures of repeatability and response to therapy
John C. Waterton " » Meilien Ho" - Lars H. Nordenmark* - Martin Jenkins® - in small studies in single expert centres may not translate to real-

Julie DiCarlo® - Gwenael Guillard” - Caleb Roberts® - Giovanni Buonaccorsi® - word multicentre tnals. It is therefore necessary to evaluate [ [4]
Geoffrey J. M. Parker'® - Michael A. Bowes - Charles Peterfy® - Herbert Kellner”’ -

Peter C. Taylor™® these biomarkers specifically in the multicentre setting.



Possibilities of diagnostic quantitative MRI
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Moving quantitative MRI to the clinic

There is bias Use a phantom and a
across MR controlled pipeline.
systems.
We can use repeatable &
MRI systems reproducible methods.

change over time.
We can do regular QA

on our MRI systems.
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Implementing clinical quantitative MRI

How do we translate I
qMRI success to the
clinic?
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MRI-guided radiotherapy
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Increasing Accessibility of MR
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Innovative interventional MR
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Innovative use of MRI
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our MRI systems.
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same pipeline across
sites.
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