>
i
S
=
S
o

This copy is for personal use only. To order printed copies, contact reprints@rsna.org |

Xiaoming Yang, MD, PhD

Image-Guided Bio-Molecular Interventions
Research and Division of Interventional Radiology,
Department of Radiology

University of Washington School of Medicine

815 Mercer St, Room S470, Campus Box 358056
Seattle, WA 98109

xmyang@uw.edu

Science to Practice: Enhancing

Photothermal Ablation of Colorectal
|iver Metastases with Targeted Hybrid
anoparticles'

See page 809

|
https://doi.org/10.1148/radiol.2017170993

This study was supported by a US National Institutes of
Health grant RO1 EB012467 and the Center for Scientific
Review (RO1 EB012467).

Conflicts of interest are listed at the end of this article.

©RSNA, 2017

Summary:

Image-guided percutaneous thermal ablation has been one of
the principal tools in management of unresectable liver ma-
lignancies, including colorectal liver metastases (CRLM) (1).
Currently, however, this technique is suitable mainly for tu-
mors less than 4-5 cm in diameter and also results in incom-
plete ablation at tumor margins (2). To solve these problems,
efforts have been made to combine thermal ablation with
other treatment options, such as systemic and intra-arterial
administration of therapeutics (3-5). In this issue of Radiol-
ogy, White et al (6) introduced their work on development of
an alternative approach by using biofunctionalized hybrid
magnetic gold nanoparticles (HNPs) as catalysts for photo-
thermal ablation of CRLM. They found that (a) the targeted
(anti-MG1) HNPs are noncytotoxic and have greater than
20% intratumoral accumulation and (b) systemic administra-
tion of anti-MG1 HNPs can enlarge a tumor’s necrotic zone
with photothermal ablation. The results of this study estab-
lish the proof of the concept that targeted HNPs can enhance
the therapeutic effect of photothermal ablation, which pre-
sents an exciting strategy for complete removal of CRLM
by integrating two rapidly advancing scientific fields—in-
terventional radiology and nanotechnology.

Colorectal cancer is the third most com-
mon cancer and the third most common

cause of cancer-related death in the
United States (7). Approximately 70% of
patients with colorectal cancer develop
liver metastases (CRLM). Only 25% of
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patients with CRLM are candidates for
surgical resection (8). The remaining pa-
tients must consider alternative treat-
ment options, such as systemic chemo-
therapy and image-guided
ablation and chemoembolization (9).
Although image-guided percutaneous
thermal ablation is an important tool for
ablative removal of unresectable CRLM,
the thermal ablation techniques are pri-
marily applicable to tumors smaller than
4-5 cm and have shown limited success
in tumors adjacent to normal structures,
such as bile ducts, vasculatures, the co-
lon, the stomach, and the diaphragm,
which are prone to thermal injury. In ad-
dition, these ablation techniques can re-
sult in incomplete ablation at tumor mar-
gins, because of several factors, such as
decreased ablation heating from blood
in neighboring vessels (from the “heat
sink” effect), intentional avoidance of
heating adjacent critical structures, or
off-center positioning of the ablation
probes (2,4,5). Ultimately, these draw-
backs result in local tumor recurrence
from residual tumor cells, which poses a
critical issue in the clinical utility of im-
age-guided thermal ablation.

To overcome these challenges, ef-
forts have been focused on combining
ablation with other treatment options,
such as systemic and intra-arterial ad-
ministration of various therapeutics (3-
5), which are aimed primarily to shrink
and devascularize tumors before ablation
(4,5). However, systemic chemotherapy
cannot achieve adequate therapeutic
doses at the tumor site without causing
substantial undesired toxicity to other
vital organs. Similarly, successful intra-
arterial therapy depends on the pres-
ence of sufficient vessels supplying the
tumor.

Results of recent studies from dif-
ferent groups have confirmed that
nonablative hyperthermia (at approxi-
mately 42°C-44°C) can greatly en-
hance image-guided direct intratu-
moral gene therapy and chemotherapy
of various malignancies (10,11). The
recognized mechanisms of nonablative
hyperthermia-enhanced therapies in-
clude fracturing tissue by means of
heating, higher permeability of the cy-
toplasmic membrane, higher cellular

tumor

metabolism, and activation of the heat
shock protein pathway (12-14). These
mechanisms facilitate the entrance of
therapeutics into target tumor cells,
thereby promoting the effective de-
struction of tumor tissue.

Rapid progress of nanoscience and
the application of nanotechnology in
medicine are changing the traditional
processes of prevention, diagnosis, and
treatment of diseases. Innovation and
expansion as well as application of a
wide spectrum of nano-scale particles
have opened new avenues for medical
imaging and image-guided interventions
(15,16). The construction of nanoparti-
cles by using imaging-detectable biomate-
rials enables the production of different
types of diagnostic imaging agents,
while modification of the physical and
chemical properties of these imaging-
detectable particles (such as the con-
jugation of ligands onto the particle
surface) permits target-specific imaging
of diseases at the molecular level—a
process termed molecular imaging (17).
Furthermore, the loading or coating of
therapeutic agents (such as genes, che-
motherapeutic agents, stem cells, and
radiopharmaceuticals) into the targeted
imaging nanoparticles promotes the com-
bination of target-specific imaging and
target-specific therapies called ther-
anostics (18).

In this issue of Radiology, White et al
(6) introduced their work on develop-
ing biofunctionalized HNPs as catalysts
for photothermal ablation of CRLM.
This study represents one of the re-
cent efforts on effective treatment of
local-regional CRLM by integrating the
advantages of two rapidly advancing
scientific fields: interventional radiology
and nanotechnology.

The authors successfully synthe-
sized HNPs that are conjugated with
anti-MG1 monoclonal antibodies. They
created rat models with orthotopic
CRLM by implanting CC-531 rat CRLM
cells. Then, with photothermal ablation
of these CRLM cells, they systemically
infused the anti-MG1-targeted HNPs.
The coupling efficiencies were deter-

mined by using in-vivo magnetic reso-
nance (MR) imaging by following up
and comparing the HNP-mediated tu-
mor signal changes among different an-
imal groups. Findings on MR images
were correlated with subsequent histo-
logic examination results. The authors
concluded that anti-MGl-targeted
HNP can serve as a catalyst for photo-
thermal ablation of CRLM, the evi-
dence of which is a significant increase
of tumor ablation zones and tumor ne-
crosis (6) (Fig 3c, 3e).

By providing tumor cell target-
ing and photothermal sensiti-
zation, the multifunctional
HNPs described by White et al
can improve the efficacy of
thermal ablation.

Evidence of achievement of such ef-
fective treatment of CRLM with the
approach introduced by the authors is
shown in several findings. First, the
HNPs permit specific targeting of MG1-
expressing CRLM cells, which thus en-
able local accumulation of HNPs in the
treated CRLM masses. Second, these tar-
geted HNPs were synthesized with mag-
netic gold nanostructures, which allow
not only MR imaging visualization and
quantification (19), but also photother-
mal sensitization (20). All of these find-
ings together promote the enhanced effi-
cacy of photothermal ablation on CRLM.

The Practice

By providing tumor cell targeting and
photothermal sensitization, the multi-
functional HNPs described by White et
al can improve the efficacy of thermal
ablation. If proven successful in hu-
mans, this technical development may
have the following implications: (a)
Specific targeting of tumors through the
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binding and internalizing of HNPs by
tumor cells will allow local accumula-
tion of HNPs in the treated tumors; (b)
photothermal sensitization by gold
nanoparticles will result in larger ne-
crotic zones to minimize residual viable
tumor cells at peripheries, which will in
turn reduce or delay recurrence; and
(c) encapsulation of iron oxide within
the nanoparticles will enable longitudi-
nal monitoring of ablation efficacy by
using quantitative imaging.

Further investigations could include
the coloading or coating of antitumor
therapeutic agents in these targeted
HNPs to facilitate therapeutic accumu-
lation at the tumor sites via the ther-
anostic mechanism (21). Image-guided
percutaneous or intraluminal interven-
tional approaches for direct intratu-
moral delivery of theranostic HNPs will
further expand effective treatment of
local-regional malignancies, not only in
the liver but also in other organs, har-
nessing the benefits of integrating inter-
ventional radiology and nanotechnology
(22).

Disclosures of Conflicts of Interest: X.Y. dis-
closed no relevant relationships.
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