Interventional Molecular Imaging — a hybrid
approach
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The surgical theatre provides a setting were sometimes simple things
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..s0 complex situations need to be unraveled and accompanied with
practical solutions
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Molecular Imaging

Gamma imaging




Sensitivity
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Fluorescence in context of gamma-emissions
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Van Leeuwen et al., BJR 2016



Emissions and penetration depth

Y-emission In depth imaging (> 30cm)

(relatively low radiation dose)

Superficial imaging (<1cm)
(no radiation dose)

Fluorescence

Superficial imaging (< 0.5cm)

B-emission ' , 5
(relatively high radiation dose)



Nuclear medlcme VS. FIuorescence imaging Maurits Escher




Quote: “researchers with new concepts are like salmon that swim
against the stream”




Challenge: don’t get eaten..




Aim:
Initiate clinical proof of concept trials with hybrid or
bimodal tracers to

1) Proof the concept adds clinical value;

2) Optimize logistics and engineer matching modalities;

3) Provide a platform for technology dissemination into tumor
receptor targeted applications.



sentinel node resections during robot assisted surgery
(technology aimed at identifying micro metastases)

Targets for PSM A\ A ' - Targef s for the [SN
guided|suss VAN = ~ """ procedure

Extensive surgical exploration for signal that may, or may not be present is likely to do more
harm than good



Sentinel node concept = interrogating the lymphatic plumbing of the
tumor

SN’s: the f|rst tumor
draining Iymph »




ICG-?*"Tc-nanocolloid - a multimodal nanoparticle for the sentinel
node procedure based on simple supramolecular chemistry

“standard” in Europe

nanocolloid 99mTc 99mTc-nanocolloid

=

ICG ICG-99mTc-nanocolloid
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Concept design 2007, first patient 2009!



Radioguided surgery Maurits Escher



Sentinel node procedures in the pelvis
(technology aimed at identifying micro metastases)




Sentinel node procedures in the pelvis

99mTc-nanocolloid:
Long retention

(> 30h after tracer
administration)




Translation reoperative i
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Fluorescence imaging can help provide real-time feedback during
surgical interventions
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van der Poel et al., Eur Urol 2011, Buckle et al., J Nucl Med 2012



Radioguided-surgery: Gamma tracing using a laparoscopic gamma
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Detection gamma-emission radioisotope

van der Berg et al., Eur J Nucl Med Mol Imaging 2015



Radioguided-surgery 2.0: Gamma tracing using a drop-in gamma probe
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Van Oosterom et al. AINMMI 2016



>
-
Q
o0
-
=
wv
©
Q
2
=)
o0
Q
o
c
Q
O
v
Q
-
o
=)
=
+




Laparoscopic fluorescence camera

: W,
KleinJan et al Eur Urol 2014



Fluorescence provides a high level of detail

.y

O R <

. ¢ R
£ ‘Vi"'“ Y
) S ‘0 K S
4 :

.

Real life surglcal gwdance with anatomlcal context!
KleinJan et al., Eur Urol 2014



"Molecule to man translation" of a hybrid tracer (2009) catalyzed a
translational research line, resulting in 21 clinical trials,
12 first-in-human studies

Started as a novel concébt, now a widely accepted technology that has changed medical care



En challenge: integrate different technologies in a single modality




First clinical grade hybrid modality: the Opto-Nuclear probe

Radioactivity

Van den Berg et al., EINMMI 2015 EURORAD- new product



Opto-nuclear probe in vivo

Fluorescence counting with the OptoNuclear prc
The measurement was performed prior to excision of the sentinel node




Gamma tracing in combination with optical imaging

VITOM - GP

VITOM - GC

KleinJan et al., JNM 2016 EURORAD, Oncoviosn, Karl Storz Endoscope- prototypes



Comparison sensitivities hybrid modalities

VITOM - GP

Gamma detection

Fluorescence

80%

Distances
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In the end a combination of complementary (and fully integrated)
guidance features helps provide the most accurate guidance

What is still missing is the visual presentation of different features



Image guided surgery technologies evolve in manner similar to other
daily technologies e.g. the directional guidance provided by smart
phones

In the end a combination of complementary (and fully integrated) guidance features is
most likely to provide accurate guidance.



SPECT/CT based augmented reality as reference for navigation

KleinJan et al JNM 2016 Brouwer et al BJU 2014



Requirement 1: complementary tracers

Long retention
(SN Visible > 30h
after tracer
administration)

1
I

SN identification

Rapid clearance,
but lymphatic
ducts visible

-

Lymphangiography



Two color imaging (multiplexing)
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Van den Berg et al, Eur Urol 2016



Can the hybrid concept also be of value for tumor receptor targeted
applications?

Answer: Yes it can!

Fluorescent
ex dye ’ em

Effectively applied on:

Peptides, Proteins, nanobodies, mAbs,
viruses, nanoparticles, etc.

Various tumor markers can be targeted
in a preclinical setting:

Her2, CXCR4, PSMA, sst, a [35-integrin,

A"“J Radiolabel Targeting C-Met, UPAR, CEA, etc.
Y moiety

In the preclinical setting the radiolabel helps during the evaluation of the pharmacokinetics

Welling et al Biocojugate Chem 2015, Bunschoten et al. Bioconjugate Chem 2016 etc. etc.



Chemistry

Membrane
receptor binding

3D surgical
planning
Fluorescence guided

surgery




Targeting the Prostate Specific Membrane Antigen (PSMA)




Challenge: to create PSMA tracers with optimal properties







in vivo

Preclinical validation of a hybrid PSMA tracer

fluorescence



Next step include nerve imaging

Peripheral nerves in yeIIow
(Fluorescein)
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The true potential of
precision medicine
not only lies in ensure
cure of the disease,
but also preserving a
maximal quality of
live for the patient.




Conclusion: Translational research can generate many possibilities, but
also relies on strong interaction between the various disciplines
involved
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