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drug delivery to tumors

in order to be effective, a chemotherapeutic agent has to

... undertake a long journey ...

=  be soluble and stable

= be readily available in systemic circulation

= reach the tumor microcirculation

= extravasate into the tumor interstitium

= distribute across the tumor interstitium

= cross the cellular membrane

= Jocalize to the correct cellular compartment

= reach high concentrations at the target site

= remain there for sufficiently long periods of time

= avoid accumulation in healthy off-target tissues
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drug delivery to tumors
is difficult

doxorubicin distribution upon i.v. injection in mice
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drug delivery systems

Aim :  toincrease the efficacy and to reduce the toxicity of a drug by

altering its pharmacokinetic and biodistributional parameters

Two different faces :

1 : site-specific drug delivery

=> to improve antitumor activity

2 : site-avoidance drug delivery

=> to reduce systemic side effects
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size Is important

Bigger, not ebaays bettes.
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size Is important

as it strongly influences : pharmacokinetics, biodistribution,

target site accumulation, tissue penetration, cellular uptake, etc

liposome microbubble

100 nm
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nanoparticles

Blood Urine
kldney

Endothelium: :
Fenestrae: 60-80 nm / albumin : 67 kDa/~7 nm

Glycocalyx:
* Proteoglycans
* 200- to 300-nm thick

GBM:

Type IV collagen network
& glycoproteins:
* 240- to 370-nm thick

Podocytes:
Foot processes:
* 25 to 60 nm apart

Filtration diaphragms:
* Slits: 4-6 nm

Bertrand et al, J Control Release (2012)
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nanoparticles

albumin : 7 nm ~ )
=> useful as carriers

for drug delivery

slow elimination

Polymer Liposome Microbubble

10 nm 100 nm 1000 nm
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nanomedicine

« 1-100(0) nm-sized carrier materials

* improve efficacy and reduce toxicity

PEGYLATED- POLYMER- MICELLE ANTIBODY- DENDRIMER USPIO NANOPARTICLE GOLD NP QUANTUM NANO-
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tumor targeting via EPR

* high blood vessel density +
* high vascular permeability +
* lack of lymphatic drainage —

Enhanced Permeability and Retention (EPR) effect

=> efficient accumulation of long-circulating drug delivery systems

Passive drug targeting

Tumour

Normal
tissue
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tumor targeting via EPR
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Gabizon, Barenholz et al, Cancer Res (1994)
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tumor targeting via EPR
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— 100 )
E liposomal Dox
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:
= free Dox
é 2| (t% = 5-10 min )
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| | | | | | |
0 4 8 12 16 20 24
time (h)
in Kaposi sarcoma : improved efficacy vs. ABY => 1 CR+60/133 PRvs.31/125 PR
better tolerability => less cardiomyopathy, nausea, alopecia
Gabizon, Barenholz et al, Cancer Res (1994) Harrington et al, Clin Cancer Res (2001)
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tumor targeting via EPR

=> both in animal models and patients
=> even within a single patient and single tumor

Sarcoma S Head & Neck Breast

72 hours
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strategies to improve (EPR-based) nanomedicine therapies

concepts vs. carrier materials

enhancing combining avoiding imaging

+HT nano + radiochemo vascular targeting direct : personalisation

=18
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imaging drug targeting

=> most straightforward and clinically relevant strategy

to improve tumor-targeted (nano-) therapies
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theranostics

combining diagnosis and therapy to individualize and improve treatments

=> Bljodine-based diagnosis and therapy of thyroid cancer

Radiojodtherapie mit I13!

@

Nach 1. Injektion Nach 2. Injektion Nach 3. Injektion
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theranostics

theranostic pair => 11 In-DOTATOC + 77Lu-DOTATATE in SSTR-positive tumors

22
OCTREOTIDE
ACETATE INJECTION e

FOR SU us
IN

Ay

OctreoScan Lu-octreotate Lu-octreotate Lu-octreotate OctreoScan
Pre Therapy Therapy 1 Therapy 2 Therapy 3 Post Therapy

May 2001 Oct 2001 Dec 2001 Feb 2002

De Jong, Acc Chem Res (2011)
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theranostics

theranostic pair => ©%Ga-DOTATOC + °°Y-DOTATATE in SSTR-positive tumors

A before*PRRT B after 3 cycles

Prasad et al, EINMMI Res (2015)
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nanotheranostics

Doxil® in Kaposi Sarcoma Doxil® in Breast Cancer

24 hours
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nanotheranostics

stratifying responders from non-responders on the basis of EPR imaging

low tumor accumulation high tumor accumulation

Shi et al, ACS Nano (2015)
Theek et al (in prep)
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nanotheranostics

=> tumor accumulation correlates with antitumor efficacy

Imaging Nanoprobe for
Prediction of Qutcome of
Nanoparticle Chemotherapy by
Using Mammography'

Radiology

BIOENGINEERING

Predicting therapeutic nanomedicine efficacy using a
companion magnetic resonance imaging nanoparticle

Miles A. Miller,"?* Suresh Gadde,** Christina Pfirschke,’ Camilla Engblom,1

Melissa M. Sprachman,’ Rainer H. Kohler,"? Katherine S. Yang," Ashley M. Laughney,’
Gregory Wojtkiewicz,' Nazila Kamaly,®> Sushma Bhonagiri,> Mikael J. Pittet,"?

Omid C. Farokhzad,>*t Ralph Weissleder>°t

ARTICLE
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Nanoreporter PET predicts the efficacy of
anti-cancer nanotherapy

Carlos Pérez-Medin?17'23, Dalya Abdel-AZt?, Jun Tang4, Yiming Zhao', Zahi A. Fayad1, Jason S. Lewis456, Karathanasis et G/, RGdIO/Ogy (2009)
Willem J.M. Mulder"’ & Thomas Reiner™ . .

Miller et al, Sci Transl Med (2015)

Perez-Medina et al, Nat Commun (2016)

M[ \Experimental _ HELMHOLTZ-INSTITUT Jl 1 z
Imaging FUR BIOMEDIZINISCHE TECHNIK e



nanotheranostics

Anterior Anterior

SPECT

W
3
g7
4
=
=
&

Posterior Posterior

Gal-pHPMA-Dox (PK2) : efficient liver localization, but inefficient tumor accumulation

explains the relatively disappointing response rates (15%)

exemplifies the need to combine drug targeting and imaging
Seymour et al, J Clin Oncol (2001)
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nanotheranostics

e

PERHAPS

- lung accumulation/distribution of radiolabeled viral NP in CF patients

- patient pre-selection on the basis of non-invasive imaging

Image courtesy: Uta Griesenbach
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personalized nanomedicine

0]

non-invasive imaging of
nanomedicine biodistribution
and target site accumulation

O

first patient
selection step

=> to enable patient pre-selection
=> to facilitate clinical translation

no / low target site accumulation non-responsive patients
(=> likely non-responders)

@
conventional / alternative

chemotherapy treatment

non-invasive

- efficacy monitoring
nanomedicine

treatment

second patient

selection step

moderate / high target site accumulation personalized and highly

(=> likely responders) efficient disease treatment

Lammers et al, Clin Cancer Res (2012)
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beyond solid tumor targeting

Nanomedicine accumulation in tumors and metastases Treatment selection

Nanomedicine therapy ——= /|

Nanomedicine therapy
+ primary tumor surgery

Nanomedicine therapy
+ primary tumor surgery
+ standard chemotherapy
(+ experimental therapy)

No nanomedicine therapy
+ primary tumor surgery
+ standard chemotherapy
(+ experimental therapy)
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nanodiagnostics
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in vivo applications of nanoparticles

Nanomedicines

| | |

Nanotherapeutics Nanodiagnostics Nanotheranostics

@ prxetne (@ cpx-3st (9 Gadomer-17 () Resovist

g 1 >0 s
100 nm {q#"? 110 nm 3nm ' 50 nm
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nanodiagnostics

basic considerations

Typical properties of diagnostics 0

short circulation time

rapid exchange between compartments

rapid elimination from non-target tissues

rapid degradation, no retention, no toxicity

NP useful for
>—

diagnostic purposes ??
Typical properties of nanoparticles

long circulation

slow exchange between compartments

slow elimination from non-target tissues

slow degradation, prolonged retention (EPR, MPS) —
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nanodiagnostics

functional vs. molecular imaging

Nanoparticles for Imaging:

Fabian Kiessling, MD

Top or Flop?’ Vrianno £ Mo, A0 ;%

Jan Grimm, MD, PhD
Twan Lammers, PhD, DSc

Kiessling et al, Radiology (2014)
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nanodiagnostics

for functional imaging

angiography MPS imaging lymphography

Lammers et al, Br J Cancer (2008)
Chiribiri et al, Am J Card (2008)
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Reimer, Eur Radiol (2003)




nanodiagnostics

for functional imaging

in vivo labeling = ex vivo labeling
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nanodiagnostics

for functional imaging

cell tracking cellular imaging in TE scaffold imaging in TE

. _;wtﬂ;.l
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non-labeled 10

De Vries et al, Nat Biotech (2005)

Politi et al, Stem Cells (2007) Mertens et al, Theranostics (2014) Mertens et al, Biomaterials (2015)
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nanodiagnostics

for molecular imaging

molecular imaging # imaging molecules

Contents lists available at ScienceDirect

Advanced Drug Delivery Reviews

journal homepage: www.elsevier.com/locate/addr

Molecular imaging of HPMA copolymers: Visualizing drug delivery in cell, mouse
and man™

=> imaging of processes taking place at the molecular level

e.g. receptor expression, transporter activity, enzyme activity

E MI Mobome _ HELMHOLTZ-INSTITUT
Xy . FUR BIOMEDIZINISCHE TECHNIK



nanodiagnostics

specific molecular imaging using actively targeted NP is difficult

Target Cell

[
@
@,
()
()

L

vessel interstitium membrane cytoplasma nucleus
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nanodiagnostics

‘ key question : intravascular vs. extravascular targets ‘

e.g. VEGFR2, o B, e.g. HER2, EGFR

vessel interstitium membrane cytoplasma nucleus
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nanodiagnostics

intravascular targets

- high affinity binding
- short circulation time

- no extravasation

ExM/

Experimental
Molecular
Imaging

. HELMHOLTZ-INSTITUT
FUR BIOMEDIZINISCHE TECHNIK

for specific molecular imaging :

NP




nanodiagnostics

specific imaging of intravascular targets : ligand-modified microbubbles

color pixel density [%]

Palmowski et al, Mol Cancer Ther (2008)
Kiessling et al, J Nucl Med (2012)
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nanodiagnostics

extravascular ta rgets

how to obtain highly specific molecular imaging information ??

short circulation time

significant extravasation

deep penetration

no unspecific retention
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nanodiagnostics

extravascular ta rgets

how to obtain highly specific molecular imaging information ??

NP

short circulation time

significant extravasation

deep penetration

no unspecific retention
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nanodiagnostics

extravascular targets => smaller...

=> HER2-targeted vs. non-targeted liposomes (~100 nm)

—e—Ls
—a— Anti-HER2 ILs

nmol PL / 108 cells
o =

o

% injected dose per gram tumor

vessel interstitium membrane
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nanodiagnostics

extravascular targets => smaller...

=> HER2-targeted vs. non-targeted gold nanoparticles/(~ 30 nm)

v s S
. ~ MnAuT
AuNP - "|n-Au-NT
2.20 + 0.23
tumor @ 24 h
, - - \
/ \
HER2- A .
AuNP " . % => not very useful for
m molecular imaging...

Chattopadhyay et al, Mol Pharmaceut (2012)
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nanodiagnostics

extravascular targets => even smaller...

=> antibodies : radiolabeled Herceptin/(~15 nm)

6h 24 h 144 h

- high affinity binding

- short circulation time

- significant extravasation
- deep penetration

- no prolonged retention /

=> reasonably useful for molecular imaging
Dijkers et al, ] Nucl Med (2009)
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nanodiagnostics

nanobodies for specific molecular imaging of extravascular targets

highly specific accumulation already at 1 h p.i.

2Rs15d
y >
/ SKOV3 tumor f ) 7
‘l‘c')ha_ Bladder Kidney «i\l
or o
. ¥
Transverse C;ronal Sagittal
10 x Control Nanobody

0.39 + 0.12 o -
SKOV3 tumor ¢ °\ ‘f )
- Bladder : i Kidney _ J

n g ‘
P :
@ ©
Os . ©
Transverse Coronal Sagittal

Experimental
x Molecular
Imaging

high affinity binding
short circulation time
significant extravasation
deep penetration

no prolonged retention

Vaneycken et al, FASEB J (2011)
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nanodiagnostics

nanobodies for specific molecular imaging of extravascular targets

BC - high HER2 BC - medium HER2 BC - low HER2
A B C
, — : S 4 B 2 )
| ; ’ : \ o/ : \ ! é\’ \t
v . 0 0 - j |

Keyaerts, Xavier et al, ] Nucl Med (2016)
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nanodiagnostics

nanobodies for specific molecular imaging of extravascular targets

HER2 in LN mets HER2 in bone mets

/ = —~

L. : \
\ / o
NN - ‘@ o4 -y

r/‘
P
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nanodiagnostics

for specific molecular imaging

of extravascular targets

FDG (~0.1 nm) Octreotide / DOTA-TOC(~1 nm)

b . t' . »
&
PET : '8F-FDG| | SPECT : !'In-Oc| | PET : 68Ga-DT

Lee et al Bihl et al
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 Nanoparticles

e Theranostic NP

* Diagnostic NP

* Diagnostic NP

* Mol. Imaging

* Mol. Imaging

summary

particular PK properties, useful for drug delivery

useful to individualize and improve NM treatments

useful for many functional imaging applications

not very useful for highly specific molecular imaging

large () for intravascular, small (p) for extravascular

high specificity required (vs. high concentration in DD)
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ABOUT THE ESMI 12th European Molecular Imaging Meeting
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