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Risk-Benefit Evaluation prior to

Injection of a GBCA

. Side Effects of the

GBCA

. Efficacy of the
€]=107:

., Gadolinium

Deposition Risk”

. What is the

Mechanism of
Gadolinium-

Deposition

. Are there any clinical

correlates?




Question 1: What is the mechanism of dkfZz.
Gadolinium Deposition?

1. In vitro studies
2. Animal studies
3. Patient studies
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In vitro experiments ~ dkfz.
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Gadolinium release for macrocyclic GBCAs below the limit

of detection

Frenzel T. et al, In vitro release of Gd3* by GBCAs incubated in native Human serum at 37° C, Investigative Radiology 2008



Animal Studies: dkfz.

A Life Without Cancer

How does the gadolinium get in the brain? - wooo

Gd concentration (nmol/g)

The same amount of all GBCAs can
be found in the brain 24 h after
Injection.

Jost et al, Penetration and distribution of gadolinium-based
contrast agents, European Radiology 2016, Image from Bayer-
Brochure ,,Gadolinium Presence in the Brain®



Long Term Results: How much gadolinium dkfz.

does Stay in the Brain? 50 Years — Research for

A Life Without Cancer
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Explanation for Discrepancy: dkfz.
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_ _ dkfz.
Pathomechanism Macrocyclic GBCAs - - - -«

CSF, Choroid Plexus

Cerebellum

McDonald et al, Radiology
2017
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dkfz.

Pathomechanism Macrocyclic GBCAs: rreees

Wash out
over time

Cerebellum

‘ Gadolinium

Lin. GBCA

Macr. GBCA

Phosphate




dkfz.
Pathomechanism Linear GBCAs - ----- -«

CSF, Choroid Plexus

Cerebellum

McDonald et al, Radiology
2017

)
o0
O

O

‘ Gadolinium

Lin. GBCA

Macr. GBCA Phosphate




Pathomechanism Linear GBCAs

Hypothesis 1:

Gad-Deposition depends
on specific stability of
GBCA

Hypothesis 2:
“Invisible” — precipitated

Gad exclusively for linear
GBCAs

Hypothesis 3:

Sl Increase: Indicator for
Gad.-Release in the whole
body

Gadolinium

Lin. GBCA

Macr. GBCA Phosphate
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pre contrast T1 vs Laser ICP-MS: LINEAR GBCAs = oo

Gadolinium Accumulation in the Brain

t Cancer
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Hyperintense regions following 35 injections of lin. GBCAs: DN, Substantia Nigra..

Correlation between Gad accumulation displaying on ICP-MS and

hyperintensities on MRI
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Gadolinium-accumulation in the Brain
pre contrast T1 vs Laser ICP-MS: MACROCYCLIC

Macrocyclic (Prohance) Saline (control-group)
Lol cf globus pallidus deep c.c'e.rg.t‘)gl'lna.r nuclei
al, Invest E— i ST
Radiol e = :
2017
Baseline 24 .
injections
A C 30 35
Number of MRIs

No Signal Intensity increase after more than 20 injections (491 ml GBCA )

Hypothesis: No accumulation on Laser ICP-MS - No

Hyperintensities!!!



Patient Studies: Hyperintensiti

in the Brain

dkfz.

Years — Research for
A Life Without Cancer
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Quality of studies varies highly!




Stojanov 2015

Gadovist (macrocyclic)

« 474+0.72
injections of
Gadovist

- Significant Sl
iIncrease DN -
Pons (p<0.001)

Stojanov et al Euro. Radiology 2015

Example
(Radbruch et al,
unpublished):
Pre and after 29
injections of
Gadovist




Bjornerud 2017
Gadovist (macrocycllc)

Mean change in DN/pons S| ratio

SRS REN P NN

PP )
Number of single dose mc-GBCA injections

pQ
[y

to pons

« 17 Patients

* Abrupt increase after 26 injections (6
patients)

*  Only in two patients ,visible Sl increase”

Mdiller et al,
Clinical
Neuroradiology
2017

12th eMRI

1st eMRI

Errante et al, Invest. Radiology 2015



dkfz.
Summary Gadolinium Deposition S ‘

1. In Vitro Experiments Dechelation

Dechelation and
subsequent binding to
Macromolecules or
Precipitation

2. Animal Experiments

Majority of studies:

3. Patient Studies : "
Hyperintensities

Letter to the ISMRM
Chelated or dechelated Recommendation by Gulani et

gadolinium deposition al

Although Vikas Gulani and colleagues® Radbruch et al, Lancet
e e _recent lite = Neurology 2017
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What should we do?

- Avoid studies that obviously cannot be finalized
In reasonable time!

* Re-evaluate controversial studies!
- End the debate on hyperintensities!

- Comprehensive study in sheep starting in march
2018

- Establishing of a human tissue bank for all tissues

- It iIs not possible to prove the null hypothesis!
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