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Hyperthermia
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Nanoparticles for hyperthermia
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Gold nanoparticles

Gold nanoshells

Dielectric silica core
Thin gold coating

Light absorbed by the
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Real time MRTI
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Mechanisms

Early effects Late effects

Anti-hypoxic effect Vascular disrupting effect?




Scanning Electron Microscopy

Stem cell sensitization
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Thermal dosimetry
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Gold nanoshells

Schwartz JA, et al. Cancer Res 2009

Gold nanoshells

Toxicity evaluation

» Consistency of formulation under GLP conditions

» No endotoxin contamination

» No pyrogenicity - US Pharmacopeia [USP] method, rabbit

» No genotoxicity — Ames bacterial mutagenicity, CHO cell
chromosomal aberration assay, in vivo mouse micronucleus
No in vitro hemolysis
No intracutaneous reactivity in the rabbit
No sensitization - maximization assay in the guinea pig
No acute systemic toxicity in the mouse — single, multiple
injections
No late toxicity in Beagle dogs - up to 404 days

Gad SC, et al. Int J Toxicol. 2012

Magnetic fluid hyperthermia

Maier-Hauff K, et al. J Neurooncol. 2011




Magnetic fluid hyperthermia

Magforce phase Il study in recurrent glioblastoma
59 patients — direct injection of ~5ml of 12nm FesOs
particles coated with aminosilane, twice weekly AMF
100kHz, in conjunction with 30Gy at 2Gy/fraction

Median OS from
diagnosis of
recurrence

was 13.4 months

Survival probability

Toxicity — sweating,
fever, tachycardia,
convulsions
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http://www.nanospectra.com http://www.magforce.de

Location

» Accumulate passively in tumors via leaky vasculature

» Perivascular sequestration (larger particles) or a gradient away
from the vessel (smaller particles)
Significant accumulation in liver and spleen (unless they are
<5nm)
Can accumulate preferentially in tumor if decorated with
peptides/antibodies (active targeting)

Heterogeneity of temperature within tumor

* Inside-out hyperthermia

Vascular-focused hyperthermia

+ Preferential sensitization of stem cell niche?

Theranostics

« Dual imaging and therapy potential

» May facilitate thermal dosimetric modeling

Combination strategies

+ Drug delivery? Radiation dose enhancement?




Nanoparticle hyperthermia challenges

Biocompatibility

» Possibly less of a concern with gold and iron-oxide

« Some concerns with carbon nanotubes, gold nanorods

Variability

» Physicochemical consistency

+ Batch-to-batch uniformity

+ Scale-up challenges

Extrinsic energy transduction efficiency

» Low for magnetic nanoparticles — need high concentrations of
NPs in tumor, not achievable with i.v. administration

Focusing energy on just the tumor

« Technically challenging for AMF

Heating deep-seated tumors

« Challenging with light as the activator - limited to superficial
tumors (IBC, melanoma, head and neck, Gl luminal?) or the
operative bed
But high transduction efficiency — i.v. administration sufficient

Next-generation nanoparticles

Lee J-H, et al. Nature Nanotech 2011

Untreated animals, black
GNP-C225 + laser alone, orange

Doxil-C225 + radiation, blue
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Doxil-C225, GNP-C225, laser and
radiation, red

Post-treatment time (weeks)

Lukianova-Hleb EY, et al. Nat Med 2014




Physical dose enhancement

gold only irradiation only

no treatment

gold + irradiation

Tumour Volume (mm?)

Hainfeld et al. Phys Med Biol 2004; 49: N309-15
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Enhancing physical dose enhancement

on the order of 10 um
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nanoparticles




Tumor cell targeting
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Intracellular distribution

Vascular-targeting
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Trojan horse approach
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Thermosensitive liposome

o TSLAUNpS

o NTSLAUNpS

Hydrophabicregion

S Aqueoscore
AuNp

Percent of AuNps released

Phosphalipid <
ilayer

EEEEEEEEEERERE]

Temparstrs (G

ep penetration of tumors

Tumer pariphery

Radiosensitization

400
350
300
250

200 * I/ A T

150

100

Normalized tumor volume

0 3 6 9 12 15 18 21 24 27 30

Days after intravenous injection

ted

I EXER ERE

Control

HT

TSLAUNp

TSLAUNp + HT
NTSLAUNp + HT
Rad

AuNp+Rad
TSLAUNp + Rad
NTSLAUNp + Rad
HT+ Rad

NTSLAUNp + HT + Rad
TSLAUNp + HT+ Rad

11



Theranostic Gd nanoparticle
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Stacey L, et al. Br J Radiol 2014

Direct injection

D) Free radicals (ROS) generated
be responsible for DNA
leading to subsequent

A) X-ray photon
with energy hv(X)
interacting with the

nanoparticle ) Multiple electrons wil

travel in water medium within and

outside the cell and will lose their
L g energy by interaction mainly with
water creating abundant
""\Q ROS

B) Creation of electrons
and secondary photons
that will have lower energy
thanincident photons

Pottier A et al. Anticancer Res 2014

Summary

» Radiosensitization possible with
— Unconjugated gold NPs — but need large quantities
— Conjugated gold NPs — but need to optimize
construct
« Vascular endothelial
« Cancer cell
— Trojan-horse delivery of gold NPs — need to
optimize construct
— Thernostic nanoparticle (AGulX)
— Direct injection of NPs (hafnium)
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NP dose enhancement challenges

Biocompatibility

« Less of a concern with gold and iron-oxide, some concerns with rods

« All probably need entire battery of tests for safety/tolerability (NCL)

Variability

« Physicochemical consistency, batch-to-batch uniformity

» Scale-up challenges

Biodistribution = size, charge, functionality dependent

+ Liver and spleen uptake with i.v. administration

* Renal clearance only if <5.5 nm

Combination with chemot

» Limited data

Device or drug

* Need IND if decorated with peptides or antibodies

Ideal clinical scenario for testing

« Benefit from dose escalation, good differential uptake (tumor vs.
critical adjacent organ), retained in tumor for long, does not interfere
with concurrent chemo, imageable

Reflectance
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Zaman et al IEEE J Sel Top Quant Elec 13(6):1715-20, 2007.

Imaging gold nanoparticles in tumors

VIS Image NIR Image Composite NBI

Puvanakrishnan P et al. J Biomed Optics 14(2):024044, 2009.
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Photoacoustic imaging
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