Small-scale particles showing large-scale impact in pancreatic cancer
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Despite significant advances in recent years, cancer continues to be a leading cause of death worldwide,
accounting for approximately 10 million deaths in 2020 [1]. One particularly burdensome cancer is that of the
pancreas- which can be further categorized into pancreatic ductal adenocarcinoma (PDAC), contributing to
approximately 90% of pancreatic cancer cases, and pancreatic neuroendocrine tumors. Often, symptoms of
pancreatic cancer are misconstrued as symptoms of other gastric diseases, and in some cases, patients remain
asymptomatic until a diagnosis is too late. With delayed diagnosis, often at stage Ill or IV, and poor prognostic
outcomes, only 20% of patients qualify for surgical resection, and even then, are only estimated to have a 5-year
survival rate of 27% - comparably greater than the 5% without surgery [2]. Despite less-than-desirable outcomes,
surgery remains the only curative treatment option, alongside postoperative adjuvant chemotherapy to prevent
recurrence. Although the use of gemcitabine plus capecitabine as adjuvant chemotherapy has been recognized
for the management of resectable pancreatic cancer [3], there remains a need for novel, more target-specific
therapeutic options to provide necessary improvements in overall survival. Indiscriminate targeting by traditional
chemotherapeutics presents the challenge of affecting non-cancerous cells, resulting in unpleasant side effects
and reduced efficacy.

The application of nanotechnology in medicine has emerged as a critical turning point in modern medicine,
specifically the use of nanoparticles (NPs). Theoretically, NPs are colloidal particles ranging between 1 and 100
nm in dimension. NPs can be classed as either organic or inorganic, whereby inorganic NPs refer to gold, silica
and other metallic NPs and organic NPs refer to polymeric NPs, liposomes, micelles and other macromolecules.
They can be used in diverse fields, namely in diagnostics as imaging agents and therapeutics as drug carriers.

Mainly the metallic class of NPs is used in cancer diagnostics, with the main route being as contrast enhancers on
clinical tests such as MRI or CT scans. Here, iron oxide, gadolinium and gold NPs have been shown to improve
contrast when accumulated inside tumor tissues and help clinicians visualize the tissue mass [4]. However, in
pancreatic cancer, this detection often happens far too late in the tumor progression, and many efforts are now
being investigated into using metallic NPs with recognition molecules on their surface for early-stage biomarkers,
to detect the disease at its earlier stages.

A keen interest has been expressed in the field of nanomedicine in exploiting NPs for the delivery of
chemotherapeutics. This is because they offer a solution to previously faced challenges such as low encapsulation
efficiencies, off-target effects and low solubility, and allow for targeted drug delivery and improve biodistribution
[5]. The drug of interest can either be encapsulated within the cavity of the NP or bound to the surface. NPs also
extend the circulation time and reduce the likelihood of adverse drug reactions of the chemotherapeutic. The
hypervascularity, high vascular permeability and poor lymphatic drainage of tumors are exploited by NPs to
preferentially deliver and retain the chemotherapeutic at the desired site, this is referred to as the enhanced
permeability and retention effect (EPR) [6], although this phenomenon is debated throughout the scientific
community. However, the tumor microenvironment in pancreatic cancer, which includes the presence of a dense
stroma and high intra-tumoral pressures, may reduce the likelihood of the EPR effect from occurring.

Already, numerous nanotechnologies have successfully undergone clinical trial with either FDA or EMA approval
for use in pancreatic cancer. Abraxane™ was the first clinically approved nanomedicine, with FDA approval in
2005 [7]. Abaxane™ is a protein-drug conjugate of paclitaxel licensed for breast, pancreatic and non-small lung
cancer. Subsequently in 2019, another protein-drug nanomedicine was licensed for the same drug, called
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Pazenir™. In 2015, the FDA approved a liposomal formulation of irinotecan called Onivyde™. These technologies
are all based on drug therapy, where the nanotechnology vehicle is used to enhance drug delivery into the tumor,
aiding in more effective patient outcomes. However, one other nanomedicine was approved in 2013 by the EMA
which was NanoTherm®® [7]. NanoTherm® is a metallic NP, which contains no chemotherapeutic. This platform
exerts its clinical effect by heating up inside the tumor upon experiencing a shift in magnetic fields, which leads
to localized hyperthermia and cellular death.

Further work is focussing on the development of nanotherapeutics for pancreatic cancer, delivering
chemotherapies [8], immunotherapies [9] as well as in radiation enhancement [10] and laser-activated
hyperthermia [11]. Whilst the literature houses many different examples, the main promising next-generation
therapeutics likely to gain approval are lipid-based technologies. Much like liposomes, lipid NPs (LNPs) and solid
lipid NPs (SLNPs) are probably better defined compared to newer technologies such as polymeric micelles. The
rapid advancement in LNP technology for mRNA delivery in the COVID-19 pandemic has provided huge potential
for the streamlined development, regulation and approval of other similar technologies for cancer therapy.

Liposomes have been extensively investigated for the treatment of pancreatic cancer [12]. Their vesicular
structure surrounded by a lipid bilayer can be exploited for combination therapy, aiding in the delivery of both
hydrophobic and hydrophilic drugs in a singular platform. Examples of drugs encapsulated in liposomes are
gemcitabine, paclitaxel, doxorubicin, irinotecan and various other mono- and combination therapies. Their ease
of fabrication and surface functionalization have made them very attractive for cancer therapeutics. However,
advanced liposome technologies are also under development, which are capable of housing metallic NPs in their
core, enabling real-time tracking, diagnosis and therapeutic delivery all in one platform. Such multifunctionality
and adaptability in the liposome structure puts them at the forefront for the next generation technologies, with
multiple different formulations under clinical trial currently [12].

LNPs are compact spherical vesicles comprised of ionizable lipids. They are the delivery vehicle utilized mostly for
RNA-based vaccines and therapeutics. Despite the huge success that immunotherapy has shown in other solid
tumor types, its potential for use in pancreatic cancer is lagging [13] This is due to the aggressive tumor
microenvironment, which often hinders chemotherapy, disabling its ability to exert a significant effect.
Nevertheless, many studies are ongoing using LNP technologies to modulate the tumor microenvironment, in
order to enhance therapeutic outcomes. It is envisaged that these technologies will drive forward a shift in clinical
practice and revolutionize prognosis, once they have been properly tuned [13].

Owing to their superior long-term colloidal stability over the other lipid-based systems, as well as biocompatibility
and surface functionalization capacity, SLNPs offer a promising vehicle for the delivery of chemotherapeutics in
the treatment of pancreatic cancer. As pancreatic cancer is highly resistant to chemotherapeutic agents,
entrapment of these drugs within an SLNP offers a method to increase the overall efficiency of the drug. Drugs
such as paclitaxel, 5-fluoracil and gemcitabine have been entrapped within SLNPs resulting in greater anticancer
activity compared to the drug alone [14]. Modification of the surface of SLNPs with compounds such as chitosan,
alginate chitosan and various other derivatives have been studied in the treatment of pancreatic cancer, these
have been shown to offer higher antioxidant activity as well as maintaining a sustained release of the entrapped
active ingredients [15]. The wide variety of biocompatible lipids available for the formulation of SLNPs alleviates
concerns of toxicities arising from excipients, as well as allowing for the release of entrapped drugs to be more
finely controlled [14].

Aside from lipid-based technologies, a wealth of other studies is ongoing with other nanotechnologies, either in
early detection [16], drug delivery via polymeric micelles [17] or via the development of next-generation
theranostic platforms, which can be used to reduce the lag time between diagnosis and treatment [18]. Preclinical
testing of such entities appears highly encouraging and the future looks bright for patients with these small-scale
macromolecules set to have a large impact on patient prognosis.
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