184

Clinical Review & Education

Surgical Innovation

Applications of Nanotechnology in the Management

of Cancer

Miniature Technology, Great Potential
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What Is the Innovation?

Nanotechnology refers to the applications of science at the nano-
scale between 1and 100 nm. To put it into context, if you have printed
this article, Tnmis 1/100 000 of the thickness of the sheet of paper
you are holding. The ability to produce and investigate materials at
this scale has provided applications in most scientific fields includ-
ing engineering, chemistry, and materials science. The concept was
first described by physicist Richard Feynmanin atalk entitled “There's
Plenty of Room at the Bottom" at the California Institute of Tech-
nology in 1959. He envisioned the creation of objects so small that
they could be controlled at the cellular level. Over the last few years,
there have been a surge of applications arising from nanotechnol-
ogy for therapeutic and diagnostic use in cancer.

What Are the Key Advantages Over Existing Approaches?
The unique properties of nanoparticles are being used in various ways
to overcome the current dilemmas in cancer imaging, diagnostics,
and therapeutics. In imaging, modalities such as computed tomo-
graphic and magnetic resonance imaging (MRI) scans are useful for
tumor detection but their ability to detect precancerous lesions and
early cancers is limited. Magnetic nanoparticles can be manipu-
lated by an external magnetic field and have been used in conjunc-
tion with MRI for enhanced sensitivity. Quantum dots are nanopar-
ticles with fluorescent properties that have also been evaluated for
their use in imaging. In contrast to conventional fluorescent mol-
ecules, the wavelength of light emission is size dependent and they
are excited by a broad range of wavelengths. This allows multiplex-
ing by probing to several different targets to increase their sensitiv-
ity and specificity. Similar techniques are being developed to guide
the surgeon by intraoperative imaging.

For diagnostics, metal-enhanced fluorescence is a phenom-
enon only displayed by metal nanoparticles. Currently, fluorescent
molecules attached to antibodies that target certain protein bio-
markers are used in fluorescent immunoassays. However, one of the
limiting factors with their use is that background autofluorescence
from biological samples increases the noise to signal ratio. This af-
fects the ability of this technique to detect ultralow levels of poten-
tially useful biomarkers. These problems are being overcome by cou-
pling of fluorophores to metal nanoparticles, which greatly amplify
the fluorescence signal.

The small size and relatively large surface of nanoparticles al-
low intracellular uptake and functionalization with multiple ligands
for binding. Targeted drug delivery avoids the need for large sys-
temicdosestoincrease the local tumor drug concentration. Nanopar-
ticles promote the use of both targeted and nontargeted entry to
tumor cells. Known as the enhanced permeability and retention ef-
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fect, extravasion of nontargeted nanoparticles occurs through
"leaky" tumor vasculature with increased permeability. In addition,
the potential for multiple receptor binding on target cells has
resulted in greater and more specific uptake of drugs by cancer cells,
whichinturnresults in greater efficacy and lower toxicity. Dual func-
tionalization of nanoparticles for both imaging and drug delivery is
being evaluated in a new modality termed theranostics and will al-
low real-time monitoring of treatment response, which is currently
unavailable.

Irreversible electroporation is a process delivered by the Na-
noKnife (AngioDynamics) for the treatment of solid tumors. High-
voltage electrical current is delivered to tissue by insertion of elec-
trodes. This creates tiny nanopores in the cell membranes, which
brings about apoptosis. There is no thermal effect seen as in cur-
rent available treatments such as radiofrequency ablation.! The high
temperature here causes damage to surrounding structures such as
blood vessels and bile ducts. This also overcomes the problems of
the "heat-sink” effect. This is when the buildup of thermal energy is
dissipated around structures such as large vessels. This leads to in-
complete ablation of perivascular cells, which in turn increases
recurrence rates.

How Will This Impact Clinical Care?

Tumor sizeis one of the strongest prognostic factors. The 5-year sur-
vival rate of pancreatic tumors 10 mm or less is 80% compared with
4% for advanced stage IV disease.? The ability to achieve diagnosis
at an earlier stage with more sensitive detection of biomarkers and
enhanced imaging should therefore have a positive impact on pa-
tient survival. Equally, resection margin status is a risk factor for lo-
cal recurrence and this has an impact on survival for some types of
cancer. For adequate resection, the surgeon must remove the pri-
mary tumor and small satellite tumor deposits while preserving ad-
jacent unaffected structures with or without lymph node resec-
tion. The ability to detect these intraoperatively willimprove the rate
of RO resections. Therapy will be more targeted with reduction in
adverse effects and toxicity and better treatment response. Na-
noKnife has amajor advantage in treating tumors close to major vas-
cular pedicles where other modalities are contraindicated to avoid
inadvertent damage to key vessels while achieving its therapeutic
effects of tumor destruction.

Is There Evidence Supporting the Benefits

of the Innovation?

Forimaging, administering magnetic nanoparticlesincreased the sen-
sitivity and specificity of MRI for the detection of lymph node me-
tastases from 65% and 75% to 93% and 96%, respectively, in 75
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patients with bladder and prostate cancer.? In vivo imaging in mouse
models has been successfully achieved using nanoparticles conju-
gated to RGD peptide.* This binds to integrin receptors that are up-
regulated in solid tumor cells and tumor vasculature. This would be
used clinically to guide resectionintraoperatively with enhanced sen-
sitivity and the ability to detect microdeposits. Applying metal-
enhanced fluorescence for the detection of biomarkers using gold
nanoparticles on a biosensor chip, a 5000-fold increase in the sen-
sitivity of carcinoembryonic antigen detection in the serum of co-
lon cancer mouse models has been demonstrated.® Aggregation of
nanoparticles alters their light emission properties so that they
change color. This has been used to develop aggregation-based en-
zyme-linked immunoassays, or plasmonic enzyme-linked immuno-
sorbent assay, to detect ultralow levels of prostate-specific antigen
in human serum.® The color changes were detectable with the na-
ked eye, circumventing the need for expensive detection equip-
ment. Nanoparticles containing the chemotherapeutic agent
docetaxel and targeting solid tumor cells led to complete resolu-
tion of cholangiocarcinoma lung metastases at 20% of the typical
clinical dose.” Treatment of 74 patients with locally advanced and
metastatic pancreatic cancer with NanoKnife has shown to signifi-
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cantlyincrease progression-free survival from 6 months to 14 months
and overall survival from 11 to 20 months.®

What Are the Barriers to Implementing This Innovation

More Broadly?

Limitations to applying this to clinical practice include issues with
cytotoxicity. Because of the unusual properties of nanoparticles, the
dose-toxicity relationships are unpredictable. Another setback has
been the immune-mediated destruction of these particles in vivo.
Immune-resistant coating is being used to protect against this but
this may compromise uptake by target cells.

In What Time Frame Will This Innovation

Likely Be Applied Routinely?

It is difficult to say when nanotechnology will routinely be used:; al-
though early clinical trials are showing positive results, its introduc-
tion to clinical use has been delayed by uncertainties around pro-
longed retention and toxicity of certain particles. However, it is clear
that nanotechnology has the potential to provide solutionsinamul-
tidisciplinary fashion and brings us the ability to explore cancer sci-
ence at a much finer scale than ever before.
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