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Innovations in Cancer Imaging

More than a picture

How to implement 
quantitative MRI?

Expanding the use of MRI

Ma et al., Nature 495, 187-192, 013
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What is quantitative MRI?

Lee et al, MRM 2019
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How are we using quantitative MRI?

Apparent Diffusion 
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T2-weighted Apparent Diffusion 
Coefficient map
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Quantitative MRI can be 
used for diagnostics and 

treatment response.
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Malignant tumor
values

Benign tumor
values

Range of 
qMRI value:

Possibilities of diagnostic quantitative MRI

Patient’s value

Uncertainty?
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NIST’s efforts in quantitative MRI

Breast phantom for isotropic 
diffusion and T1 mapping

Isotropic diffusion phantom

MRI System phantom
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MRI system bias



MRI system bias

~10 % increase



MRI system bias

There is bias across 
MRI systems.



MRI system upgrades



MRI system upgrades

MRI systems change 
over time.
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Using the information
> Clinical work
> Biophysical model
> Software

What can you do?
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Controlling the acquisition isn’t the whole solution
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Data acquisition
> Pulse sequences
> Hardware
> Software

Quantitative Modeling
> Model selection
> Software

Image Reconstruction
> Software
> Can be tied to 
quantitative model
> Data storage

Using the information
> Clinical work
> Biophysical model
> Software

What can you do?



Implementing quantitative MRI

Use a phantom and a 
repeatable pipeline.



Use phantoms!

3D Printed, Agarose-filled phantom
K. Gopalan, J. I. Tamir, A. Arias, M. Lustig, MRM 2021

ADNI phantom
Gunter JL et al., Med Phys 2009

phantoms.martinos.org

Proton Density Fat Fraction & 
R2* phantom
Hernando D et al., MRM 2016

Isotropic diffusion phantom



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



How the PLL works:

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

• 2-to-6-week loans recommended
• Sharing data to common database 

encouraged
• Currently only ship within North America

Medical Phantom Lending Library
https://www.nist.gov/programs-projects/

nistnibib-medical-imaging-phantom-lending-library

Contact: stephen.russek@nist.gov



Control the entire pipeline



Control the entire pipeline

Community
data standards

Fully transparent
workflow

Open-source
implementation

Unified 
user interface

Vendor-neutral sequences (VENUS) 

Karakuzu et al. https://zenodo.org/record/6860878 
VENUS: https://onlinelibrary.wiley.com/doi/abs/10.1002/mrm.29292
qMRI-BIDS: https://www.nature.com/articles/s41597-022-01571-4
qMRLab: 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
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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



Use a method with high repeatability and reproducibility

Weighted Mean/StdDev by Region SizeMRF is reproducible whether a scan 
is repeated:

• immediately
• after reposition on the same 

scanner
• repeated on a different 

scanner or day

Andrew Dupuis, Yong Chen, Michael Hansen, Kelvin Chow, Dan Ma, Mark Griswold, Rasim Boyacioglu. Abstract 2182. ISMRM 2023
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Moving quantitative MRI to the clinic

There is bias 
across MRI 

systems.

MRI systems 
change over time.

Use a phantom and a 
controlled pipeline.

We can use repeatable & 
reproducible methods.

We can do regular QA 
on our MRI systems.



Moving quantitative MRI to the clinic

Range of 
qMRI value:

Malignant tumor
values

Benign tumor
values

Patient’s value
Uncertainty?Hardware variability

Software variability



Implementing clinical quantitative MRI



Implementing clinical quantitative MRI



Implementing clinical quantitative MRI

How do we translate 
qMRI success to the 

clinic?



Moving quantitative MRI to the clinic

Range of 
qMRI value:

Malignant tumor
values

Benign tumor
values

Patient’s value
Uncertainty?

Need clinically 
actionable values.
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MRI-guided radiotherapy



MRI-guided radiotherapy
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Innovative interventional MRI

Not an endorsement. Demonstrating the range of products available and companies operating in the space.

0.55 T

66 mT



Innovative use of MRI

Not an endorsement. Demonstrating the range of products available and companies operating in the space.

0.35 T



Innovative Use of MRI

Not an endorsement. Demonstrating the range of products available and companies operating in the space.

MRI is being used in new 
places and new ways.



More than a picture

Ma et al., Nature 495, 187-192, 013
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Innovations in Cancer Imaging

There is bias across 
MRI systems.

MRI systems 
change over time.

Use a phantom and a 
controlled pipeline.

We can implement the 
same pipeline across 

sites.

How to implement 
quantitative MRI?

Perform regular QA on 
our MRI systems.
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Thanks to all who contributed

NIST
Magnetic Imaging Group

Dan Gruber
Mark Ferris
Kalina Jordanova
Mikail Kraft
John Lundstrom
Michele Martin
Sam Oberdick
Stephen Ogier
Stephen Russek
Cassie Stoffer
Karl Stupic
Gary Zabow

NIST in Boulder, CO

@katykeenan
kathryn.keenan@nist.gov



NIST’s efforts in quantitative MRI

@katykeenan
kathryn.keenan@nist.gov

nist.gov/pml/applied-physics-division/magnetic-imaging

rosenlab.org
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