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Great progress in the field of Imaging Technologies

Computed Tomography Magnetic Resonance



MRI of the Brain
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Molecular Imaging

» Develop molecular probes & contrast
agents
- links imaging modality with specific biological
processes
* Image specific molecular targets
= caplalize on mapping of human genamea
« Drug development
— manitar drug defvery, walidation & efficacy,
effects on biclogical target

Tne practice of Medical lmaging in tne era of Molecular Medicine



Diagnostic agent basics: molecular imaging
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Imaging Modalities

*Nuclear Medicine (PET, SPECT)
eMagnetic Resonance (MRI)
eComputed Tomography (CT)
eUltrasound

eOptical Imaging



PET & Molecular Imaging



FDG/PET (fluorodeoxyglucose positron emission tomography)

Figure 12. a. Fused axial PET/CT image shows a hypermetabolic lesion of non-Hodgkin lymphoma of the pancreas (arrow). The other two bright
“spots” represent normal kidney excretion of FDG tracer. b. Corresponding axial CT image (arrow).




Ga-68 PSMA-11 PET/CT images of a patient with prostate cancer.
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Optical Imaging
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Fluorescence image-guided surgery

TECHNOLOGY MEDICAL NEED

Excised tumor lump Gross pathology Histopathology

Detection of positive margin on excised breast tumor lump confirmed by histopathology

Vahrmeijer et al 2013. Reviews Clinical Oncology. Vol 10. 507-518 Lamberts et al., Clin Cancer Res 2016
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Fluorescence image-guided surgery

Fluorescent contrast agent Cancer cell

Fluorophore

Cancer
(e.g., organic dye)

biomarker
(e.g., receptor)

Molecular vector
(e.g., antibody)

The fluorescent contrast agent
specifically binds to cancer biomarkers
expressed on tumor cells.

The accumulation of the contrast agent
within the tumor tissue but not in the
healthy tissue is the basis for image
contrast generation and detection.

Vahrmeijer group, Leiden (NED)



IMAGE-GUIDED SURGERY: Fluorescence-guided multispectral
imaging enables excision of minuscule ovarian tumors

Surgeon’s former view SUrgeon’s new view




Imaging guided surgery by detecting the
fluorescent signal from a tumor targeting probe



Magnetic Resonance Imaging (MRI)

 Non-invasive and safe technique
* Great spatial resolution (mm scale)

e Outstanding diagnostic capability

MR sagittal image of human head

A MR-image represents a map of the intensity of

the 'H-NMR signal of water protons

The contrast is mainly generated by difference

in the relaxation times (T, and T,) of water protons




Extracellular Gd(lll)-based agents in the clinical practice
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La Risonanza Magnetica, mentre possiede una superba
risoluzione spaziale, ha un limite di sensibilita rispetto alle altre
tecniche

Principali soluzioni adottate per superare il
problema della bassa sensibilita del MRI per
applicazioni di Molecular Imaging:

e Accumulare grandi quantita di agente di
contrasto al target sfruttando trasportatori
di membrana ad alta capacita.

e Progettare nuovi sistemi che sfruttino un
effetto di amplificazione per esempio
basato sullo scambio di protoni con
I'acqua.

e Acquisire immagini di nuclei diversi da H-1
per eliminare il background, es. F-19.

e Applicare metodi di Iperpolarizzazione




Hyperpolarization: the route to solve the
sensitivity issue
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SEOP

Parahydrogen Induced Spin Exchange

Polarization (PHIP) Optical Pumping
of noble gases
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Dynamic Nuclear Polarization
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MRI with Hyperpolarized Probes
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Metabolic Imaging
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Metabolic contrast after injection of 13C-pyruvate (20% polarized)
in rat bearing a P22 tumour

Metabolic 13C images (0.2 cc voxels)
obtained on 1.5 T Sonata in 15 seconds !!

13C-pyruvate 13C-alanine 13C-lactate

Courtesy: R. in ‘t Zandt, Amersham, Malmo, SE




Human application: Pyruvate as reporter of
aggressiveness in prostate cancer

Representative axial T2-weighted (T2W) anatomic image and T2W image with an overlaid pyruvate-to-
lactate metabolic flux (k) image and corresponding hyperpolarized (HP) 13C spectral array (SA) for a 52-
yr-old prostate cancer patient with extensive high-grade prostate cancer

Aggarwal, 2017



Dynamic Nuclear Polarization (DNP) is a high technologically
demanding and expensive procedure



SEOP

Parahydrogen Induced Spin Exchange

Polarization (PHIP) Optical Pumping
of noble gases
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Molecular hydrogen occurs in two isomeric forms, one with its two
proton nuclear spins aligned parallel (orthohydrogen), the other with
its two proton spins aligned antiparallel (parahydrogen)

Parahydrogen is in a lower energy state than is orthohydrogen. At room
temperature approximately 75% orthohydrogen and 25% parahydrogen. Enrichment
in the parahydrogen form can be obtained at very low temperatures, in the presence

of a catalyst (iron oxide, charcoal,..).



https://en.wikipedia.org/wiki/Molecular_hydrogen
https://en.wikipedia.org/wiki/Isomer
https://en.wikipedia.org/wiki/Nuclear_spin
https://en.wikipedia.org/wiki/Room_temperature

Para-Hydrogen Induced Polarization (PHIP)



PHIP application: angiography with C-13 detection
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Angiogram depicting the arteries in a guinea
pig head.

S. Maansson, et al; Eur Radiol 16: 57-67
(2016)



Real-Time Nuclear Magnetic Resonance Detection of Fumarase Activity Using
Parahydrogen-Hyperpolarized [1-13C]Fumarate.
Journal of the American Chemical Society, DOI: 10.1021/jacs.9b10094



https://www.x-mol.com/paperRedirect/5966677
https://www.x-mol.com/paper/journal/4?r_detail=5966677
https://www.x-mol.com/paperRedirect/5966677

PHIP-Side Arm Hydrogenation (PHIP-SAH): the route to Hyperpolarize substrates
for which de-hydrogenated precursors are non naturally available

Synthetised unsaturated precursor Para-hydrogenated product
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PHIP-SAH [1-13C]pyruvate: in vivo heart metabolism at 1T

Spatially localized 13C-MRS slice centred
on the heart of a 6 months mice
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PHIP-SAH technology
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Affordable Molecular Imaging
by Hyperpolarized Low-Field MRI



From...

.. to

Satz & Fayad Nature 2008
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