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HISTORY

• Innovation in Contrast Media has been very active in the 

last 50 years

– 70 – 80s : Non Ionic Iodinated agents
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･ Iobitridol Xenetix
･Iohexol Omnipaque
･Iopentol Ivepaque
･Iopamidol Iopamiron
･Iopromide Ultravist
･Ioversol Optiray
･Iomeprol Iomeron



HISTORY
• 90s  MRI Gadolinium chelates
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DOTA (Dotarem®) DTPA (Magnevist®)

HP-DO3A (ProHance®) DTPA-BMA (Omniscan®)



HISTORY
• 90s  MRI agents Liver specific agents

TeslascanPrimovist



HISTORY
• 90s  MRI agents Liver specific agents

Resovist
Endorem



HISTORY

• Innovation in Contrast Media has been very active in the 

last 50 years

– 90s Ultrasound agents Macromolecular agents

– 2000 Molecular Imaging



From the Medical Need to the Drug

Contrast Media are Pharmaceutical Compounds 

Drugs Regulatory Legislation

10 years !!



What do we get ?

Non specific Gd Chelates

Dotarem

Prohance

Gadovist

Mn : Teslascan

SPIO :

Endorem/Ferridex

Resovist (except JPN)  

Blood 

Pool 

Agent

Liver Imaging

Magnevist

Omniscan

Optimark

Multihance
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Kereos 19F-NP 
Phase 1 Stop

Angiogenesis

Gadopiclenol

Non Specific

Gd Chelates
USPIO

Sinerem/Combidex Phase 3 stop

Clariscan : Phase 2a stop

Supravist : Phase 2a stop

VSOP Phase 2a stop

P904 : IMPD stop

Blood  Pool  Agent

Vistarem Phase 2 stop

Gadomer Phase 1 stop

Abdoscan MPIO

Lumirem MPIO

Oral use Withdrawn

Feraheme USPIO

Imaging off label use

Iron Deficiency

EP2114

Phase 2a Stop

Thrombosis

Authorities warning

or withdrawal (EU)



Contrast Media Research Meetings

• Initiated in 1970, focused on tolerance, then new agents

• Informal structure every 2 years



CMR Meeting 2017: sessions

SAFETY NEW AGENTS NEW

APPLICATIONS

IODINATED

AGENTS

1 2

MR CA 3 4 2

Molecular

Imaging

2

Ultrasound CA 1 1

Optical CA 2

http://contrastmediaresearch.org/wp-content/uploads/2017/10/CMR-Full-Agenda-FINAL-LW-v8.pdf



TENDENCIES IN CM Research

• X-ray 

– new CA for multi-energy CT imaging 

• MRI

– Non Gd agents

– Gd-based new Agents (high-relaxivity, macrocyclic)

• Ultrasound (US)

– Mol imaging

• Optical: surgery and endoscopy



Double energy

54 keV 70 keV 120 keV

Monoenergy reconstruction



IODINE MAPS

McCollough, Radiology 2015

• Better visualisation of 

Iodine

• Lowering the dose and 

concentrations



DIFFERENTIATION OF MATERIALS



[mg/cc]

HU

WL0 WW1000  :  SW 2mm  :  Standard

Iodine [mg/cc]

WL18.28 WW35.26 : SW 2mm  :  

Standard

Gadolinium [mg/cc]

WL3.64 WW4.38 : SW 2mm  :  Smooth

Gold [mg/cc]

WL4.76 WW6.02 : SW 2mm  :  Smooth

Water [mg/cc]

WL790 WW2764 : SW 2mm  :  Standard
Axial  :  120kVp 100mA

Lyon university partnership with: University of Pennsylvania 

DECOMPOSITION K EDGE

New CM : Au, Bi, Ta ?



Tantalum Nanoparticles

FitzGerald PF

https://www.ncbi.nlm.nih.gov/pubmed/?term=FitzGerald PF[Author]&cauthor=true&cauthor_uid=27115702


• Injection of Au nanoparticles :

• Blood pool agent

• Concentration : 65 mg/mL Au

• Images at 10 et 35 minutes

Si-Mohamed S et al. Sci Rep. 2017 Jul 6;7(1):4784.

GOLD NANOPARTICLES in vivo



GOLD NANOPARTICLES in vivo

One Month Follow-up

Liver Spleen uptake

Si-Mohamed S et al. Sci Rep. 2017 Jul 6;7(1):4784.



SHU-555A (Bayer) Ferumoxtran-10 

(AMAG/Guerbet)

USPIO cores (10 ± 1 nm)

before and d after PMAcOD coating (~20 nm, scale

50 nm, TEM: R. Reimer/H. Hohenberg (HPI Hamburg))

Commercially available monodisperse

polymers SPIO from Ocean NanoTech e SHP-15 (15 ± 1.5 nm, scale

50 nm) and f SHP-40 (40 ± 4 nm)

H Ittrich et al. Fortschr Röntgenstr 2013

MRI CONTRAST AGENTS



In vivo single cell detection at 1.5 T

3D punctual hyposignals  labelled lymphocytes (<1 pg Fe /cell) in the tumour

(voxel size = 59 µm3, TE = 14 ms tps. acq. = 29 min)

Possibility of detecting cells 

which divide in vivo and 

migrate towards homing 

sites

Smirnov et al, Magn. Res. Med, 2008



Iron Oxide Nanoparticles as MR Contrast Agents 

• Current record is very disappointing

• At present, only one of such NPs clinically available on 

the US market for the treatment of iron deficiency

(ferumoxytol) (no longer authorised in EU)

• Clinical development of feruglose, ferucarbotran S, 

ferumoxtran-10 and VSOP stopped

• Very complex and expensive clinical trials



Gd BASED CONTRAST AGENTS

• Initial excellent safety records, but 

• Severe Hypersensitivity reactions

• 2007 : Nephrogenic Systemic Fibrosis

• 2014 : Brain Hypersignals

– EMA linear withdrawn

– FDA linear warning



Gd BASED CONTRAST AGENTS

• Decrease the dose 

– Increase relaxivity

– Without protein binding

• Change the metal

– Manganese ?

– Iron ? 



Gd BASED CONTRAST AGENTS



Runge & Heverhagen, Invest Radiol 2018; 381-389

Gadopiclenol: A Novel High-Relaxivity GBCA Under Clinical Development

Phase 1 and 2 



Toward Molecular Imaging?

 Anatomical imaging

1st generation of CA
- organs

- Shape/ size of organs

- Location of lesions

 Functional imaging

2nd generation of CA
- Dynamic imaging

• of organs : heart  (contractility), 
articulations

• Of flows : blood (perfusion with CA, 
ASL), vascular permeability (intra 
extravascular flow, DCE-MRI)

• of blood volume

 Molecular imaging

3rd generation of CA
- Imaging of receptors/transporters : vβ3, 

VCAM, PS, folate

- Imaging of metabolic systems: FDG, etc.

- Neurotransmitter imaging: 18FDOPA, etc.

 Medical imaging: toward a more specific approach of pathophysiology



Early Cancer Detection



• CEA

• Suppressors 

of Cytokine 

Signallng

(SOCS2 and 

SOCS6)

• AFP

• AFP L3

• Golgi protein 73

• Dickkopf-1 

(DKK1)

• Midkine (MDK),

• …….

• CA19-9

• Cyclophilin B

• Glypican-1

• Urinary 

proteins 

LYVE1, REG1A 

and TFF1

• …….

• Prostate-

specific 

kallicreins

• ERG protein

• ERG gene

• PCA3 gene

• …….

http://www.fotosearch.com/UNN006/u15453306/


VGFR (KDR) -Targeted Microbubble (BR55)

2

9

Ligand Binding to 

Membrane

Lipid

Gas 

KDR receptor 



A Contrast Agent for Molecular Imaging 

Will Most Likely be Developed/Used as 

a Biomarker

S Heskamp et al.,  Exp Opin Drug Deliv 2014



• Scientific/technical Clinical validation

• Can the contrast agent be qualified of companion biomarker? If

yes, please demonstrate:
– The relevance of the BM-based therapeutic strategy

– A BM/treatment interaction (treatment depends on the + or – response of the BM)

– Efficacy of treatment in BM+ patients

• Specific challenges:
– Robust and standardised procedures (images acquisition and treatment)

– Need for regulatory approvals for the devices and softwares used in the development 

process

– Procedure available in multiple centres (ideally not just specialised centres)

– Correlation with pathology

If Imaging Biomarker: Pandora’s Box



CHALLENGES

• REGULATORY 

– Long and expensive clinical trials

– Specific of drug regulation



CHALLENGES FOR A COMPANY

• REGULATORY 

• CHEMICAL SYNTHESIS SCALE UP

• CLINICAL TRIALS

• FINAL PRICING 



Crucial

Net Present Value (NPV) is the difference between the present value of 

cash inflows and the present value of cash outflows. NPV is used in 

capital budgeting to analyze the profitability of a project.

The formula for calculating NPV: 

where

Ct = net cash inflow during the period t

Co = total initial investment costs

r = discount rate, and

t = number of time periods 

In short: NPV should be bigger than project cost!



CONCLUSION

• Future in Research : YES

– Photo counting Scanners will be an opportunity to 

develop new non Iodine based agents

– Non Gd agents

– Gado-New Agents (high-relaxivity, macrocyclic

– Ultrasound (US)

– Mol imaging

• BUT: developing costs and regulation burdens


