
Gold nanoparticles for applications in cancer radiotherapy: Mechanisms
and recent advancements☆

Sohyoung Her a, David A. Jaffray b,c,d,e,f,g, Christine Allen a,e,g,⁎
a Department of Pharmaceutical Sciences, Leslie Dan Faculty of Pharmacy, University of Toronto, Toronto, Ontario M5S 3M2, Canada
b Department of Radiation Oncology, University of Toronto, Toronto, Ontario, Canada
c Department of Medical Biophysics, University of Toronto, Toronto, Ontario, Canada
d Department of Radiation Physics, Princess Margaret Cancer Centre, University Health Network, Toronto, Ontario, Canada
e STTARR Innovation Centre, Radiation Medicine Program, Princess Margaret Cancer Centre, University Health Network, Toronto, Ontario, Canada
f Techna Institute, University Health Network, Toronto, Ontario, Canada
g Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, Ontario, Canada

a b s t r a c ta r t i c l e i n f o

Article history:
Received 24 October 2015
Received in revised form 10 December 2015
Accepted 11 December 2015
Available online 19 December 2015

Gold nanoparticles (AuNPs) have emerged as novel radiosensitizers owing to their high X-ray absorption, syn-
thetic versatility, and unique chemical, electronic and optical properties. Multi-disciplinary research performed
over the past decade has demonstrated the potential of AuNP-based radiosensitizers, and identified possible
mechanisms underlying the observed radiation enhancement effects of AuNPs. Despite promising findings
from pre-clinical studies, the benefits of AuNP radiosensitization have yet to successfully translate into clinical
practice. In this review, we present an overview of the current state of AuNP-based radiosensitization in the con-
text of the physical, chemical and biological modes of radiosensitization. As well, recent advancements that focus
on formulation design and enable multi-modality treatment and clinical utilization are discussed, concluding
with design considerations to guide the development of next generation AuNPs for clinical applications.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Radiotherapy (RT), alongside surgery and chemotherapy, is one of
the most effective modes of cancer treatment, with over 50% of all pa-
tients receiving RTwith curative or palliative intent [1,2]. In RT, ionizing
radiation (IR) is delivered to the tumor via an external beam (EB) or
from an internally placed radiation source (brachytherapy). Exposure
to IR causes damage to various cellular components, with the DNA
being themost critical target, directly or indirectly via ionization ofmol-
ecules (e.g. water) within the cells, generating a cascade of free radicals.
While effective at achieving tumor control, the surrounding normal tis-
sues are also affected by the IR. As a result, the dose of radiation admin-
istered must be limited in order to keep normal tissue toxicities at a
tolerable level. Considerable improvements have been made in RT
over the past few decades, with a particular emphasis on the recent
technological advances that enable precision in the delivery of radiation

via intensity modulation in combination with image guidance [3–7]. As
well, with an increasing understanding of the molecular pathways in-
volved in radiation response, personalized treatment approaches that
utilize molecularly targeted drugs are under investigation to achieve
tumor-specific targeting of IR [8,9].

Nanotechnology,which offers a number of unique features suited for
applications in oncology, has also emerged as a promising strategy to
enhance radiotherapeutic efficacy. By exploiting the enhanced perme-
ability and retention (EPR) effect, the preferential accumulation of
nanoparticles in the tumormay lead to (1) improved contrast enhance-
ment for image-guided RT, (2) tumor-specific delivery of chemothera-
peutic agents for combined chemo-RT, and (3) an increased local dose
of radiation using particles with high atomic numbers (Z). Among vari-
ous nano-platforms investigated for radiotherapeutic applications, gold
nanoparticles (AuNPs) have beenmost extensively studied due to their
high X-ray absorption coefficient, as well as the ease of synthetic

Fig. 1. The synthetic versatility of AuNPs. AuNPs offer a unique platform for straightforwardmanipulation of particle size, shape, surface coating and functionalization, enabling fine-tuning
of particle properties. Adapted with permission from [10–15].

85S. Her et al. / Advanced Drug Delivery Reviews 109 (2017) 84–101



Download English Version:

https://daneshyari.com/en/article/5520027

Download Persian Version:

https://daneshyari.com/article/5520027

Daneshyari.com

https://daneshyari.com/en/article/5520027
https://daneshyari.com/article/5520027
https://daneshyari.com

