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Off-label use of ferumoxytol

o)
Iron is Special @
« Essential element needed to sustain life
« Only naturally occurring high susceptibility
element in the body detectable by MRI
- Endogenous
- Ferritin, hemosiderin, myoglobin, hemoglobin ...
« Exogenous
- Iron-based contrast agents
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Objectives @l@
+ Methods for detection and quantification of
endogenous and exogenous iron
« Basic principles of relaxometry
« Contrast mechanisms for quantifying iron
« Ferumoxytol and clinical / research applications

Fat vs Iron Quantification @

Fat as seen on MR Iron as seen on MR

Water Fat  es¥e
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Liver Iron Quantification: Indirect Approach @ How do we detect and quantify iron?
« Rely on iron’s unique magnetic properties!
« How do iron oxides modulate the MRI signal?

- Susceptibility of course ... but much more

« Do not measure iron directly
+ Observe the effects of iron deposition on proton signal
MRI Liver Iron_
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Gradient Echo vs Spin-Echo

RF Refocusing Pulse

. R2=1T2
. R2 mappi*so sensitive to iron

R2 less senYiive to iron than R2*
- Older technibue
+ Longer scarjtime

@ Effect of Iron on MR Signals: Gradient Echo
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R2* Mapping: Gradient-Echo Imaging @

Low iron R2* map
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R2 Mapping: Spin-Echo Imaging @
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QSM Steps
, Acquisition

* Gradient echo
* 3D or 2D multi-slice

Reconstruction

» Calculate field map
» Background field removal

« Save image phase * Dipole inversion

Effect of Iron on MR Signals: Spin Echo C
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Ghugre et al.
MRM 2010

Relationship Between Susceptibility and By Field @

B,=d=* x+ B,

Measured Bo Dipole
field map response

Susceptibility Background
distribution field

Susceptibility Field map
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Liver Iron Overload
« Two main causes:
- Hemochromatosis (hereditary)
Excess intestinal absorption
- Hemosiderosis (transfusional)

Repeated blood transfusions for anemias, SCD, MDS,...

- Excess body iron is highly toxic, can lead to
- Liver damage (cirrhosis, liver failure, cancer)

- Pancreatic dysfunction (diabetes, exocrine insufficiency)

- Heart failure (cardiomyopathy, sudden death)
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Liver Iron Quantification with R2 Mapping @ Complex Fat-Corrected R2* Mapping @

Liver iron conc. (LIC) N L
- 100+ (mg Fe /g dry liven Multi-echo CSE-MRI acquisition
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Multi-TE Spin-echo MRI
« 10-20 minutes scan time

T2-weighted
(TE = 12 ms)

« 2 business days + $350
* FDA approved
« Accepted reference for LIC

Complex fat-corrected R2* mapping

1FerriScan (St Pierre TG et al, Blood 2005)

Why Complex R2* Mapping? ' Why Iron Oxides?
- Exciting new ways to label cells
- inject labeled cells into the body
- inject iron oxide into the body
- Track cells over days, weeks, or months
R - Magnetic activity does not decay
Echm,‘,;"E (o) : s - Characterize the activity of cells (phagocytic)
- Track migrating cells to key tissues of interest
Hernando et al MRM 2012

What is Ferumoxytol? _ What is Ferumoxytol? @
+ Super-paramagnetic iron oxide (magnetite) « Clinically approved for IV treatment of iron
« Strong alignment with Bo field leading to very deficient anemia
strong paramagnetic effect - Favorable MRI properties for clinical and

« Coated in polyglucose sorbitol research applications
carboxymethylether for biocompatibility

+ Intravascular for 14 hours
) ) ) for MRI
° Uptake Into the retICU|Oend0thellal SyStem (RES) reyas S. Vasanawala,'* Kim-Lien Nguyen,” Michael D. Hope,” Mellena D. Bridges,*
- Liver, Sp]een, bone marrow ... |ymph nodes ('7) T A. Hope,” Scott B. Reeder,” and Mustafa R. Bashir® MRM 2016

Safety and Technique of Ferumoxytol Administration
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Commercially Available Contrast Agents @ What is Relaxivity? @
. m e

40

@ Change] AR1= " [C]\ Contrast

e ST | e | over | ooy | ssen | noms in Ty concentration
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Mool | Fecaherne 190 95 652

Pharmacokinetics Formulation Safety Relaxivity
Extracellular fluid 5M

. i . 0. + macrocyclic « Standard Bang for your BUCk,
" Ivavascutar S NoF s ¢ e ey (amount of T1 shortening per contrast molecule)

« Intravascular « 1.0M + NSF Safety

What is Relaxivity? @ Ferumoxytol: MR Angiography ()
AR1= T‘l [C]
AR,=1,[C]
AR3=1; [C]

Relaxivity isn't just for T1 anymore!
Schubert et al IMRI 2017

Ferumoxytol and Pulmonary MRA@

Ferumoxytol MRAng/ography (\@

+ Viable alternative to gadolinium

- Infuse prior to arrival in Radiology
- 1 breath-hold MRA!!

+ Good alternative in pregnancy
- 1-2 mg/kg, diluted, slow infusion
+ Expensive ($600 / bottle)

Schubert et al JMRI 2017




Ferumoxytol: Pitfall @

Pre T1w Early Arterial _
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Pearl: use shortest
TE possible ...

Mid-Arterial ! Portal Venous ) Dela yed

Case courtesy Mustafa Bashir. MD; Reeder et al, Magnetic Resonance in Medicine, 2015

Ferumoxytol: Uptake in RES @

ferumoxytol
injection

/
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Abdominal R2* mapping
pre- and post-ferumoxytol

Relaxivity of Ferumoxytol
at 1.5T and 3.0T

« Medium is critical

« May be non-linear!

« T1 effects lower at 3T

« No change in r2 and ro>*
with field strength
- Saturation effects

Knobloch et al Investigative Radiology 2018
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Susceptibility Weighted Imaging and
Quantitative Susceptibility Mapping of the
Cerebral Vasculature Using Ferumoxytol

g Liu,

PhD,'* Jean-Christoph
E. Mark Haacke, PhD,

Quantitative Susceptibility Mapping
Pre-contrast  Pre-contrast 1mg/kg 3mg
magnitude Qsm QSM )

Intrapancreatic Splenule vs PNET? @

T2-weighted MRI T2-weighted MRI
pre-ferumoxytol _3 days post-ferumoxytol

.’ ™ ' : Intrapancreatic
: : i ’ 1 Splenule
M/ 9% w
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Pancreatic
Neuroendocrine
Tumor

Rendell et al J Gastrointeét Surd 2019

Distribution Matters! @

Colgan et al MRM 2019



Distribution Matters!

— Whole Blood
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Opportunities to characterize how iron is stored

Colgan et al MRM August 2019

... and where it’s located ...
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Summary and Take Away Points

Measurement of iron content

- Basic principles of MRI, including relaxometry

- Quantitative biomarkers

Endogenous and exogenous sources of iron
Ferumoxytol, other iron based contrast agents
Many exciting clinical and research applications
Many fundamental unsolved problems to tackle

9/12/19



