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Abstract

Multifunctional nanoparticles with superior imaging properties and therapeutic effects have been
extensively developed for the nanomedicine. However, tumor-intrinsic barriers and tumor
heterogeneity have resulted in low in vivo therapeutic efficacy. The poor in vivo targeting
efficiency in passive and active targeting of nanotherapeutics along with the toxicity of
nanoparticles has been a major problem in nanomedicine. Recently, image-guided nanomedicine,
which can deliver nanoparticles locally using non-invasive imaging and interventional oncology
techniques, has been paid attention as a new opportunity of nanomedicine. This short review will
discuss the existing challenges in nanomedicine and describe the prospects for future image-
guided nanomedicine.
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1. Nanomedicine

Various nanomaterials, having special functions that have not been observed in bulk
materials, can provide opportunities for innovative biomedical applications. Nanomedicine
has been one of the key research areas among those various applications of nanotechnology
for about 20 years. Cancer is the 2nd most common cause of death and cancer cases keep
rising in every year [1]. Conventional therapies have not shown any significant progress or
outcomes for treating cancers. Disruptive innovations are desperately needed to more
effectively treat patients with cancer. Cancer nanomedicine using unique features of
nanomaterials has been expected to provide new opportunities in early diagnosis, imaging
and treatment of cancers. The small size, high surface area, aqueous solubility, and multi-
functionality of nanoparticles have created new biomedical applications. Indeed, the novel
properties of nanoparticles have demonstrated the ability to interact with complex cellular
functions in new ways. This rapidly growing field as an inter-disciplinary research develops
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multifunctional nanostructures and approaches that can target, diagnose, and treat
devastating cancers. With extensive efforts, liposomes and lipid-based nanoparticles have
been FDA approved to deliver and enhance the bioavailability of doxorubicin and other
drugs [2,3]. Micelles and nanocomplexes has also improved the pharmacokinetics (PK) and
biodistribution of hydrophobic drug molecules [4]. In addition, carboxymethyldextran-
coated iron oxide nanoparticles have been approved for iron supplements in drugs and are
now being tested for MR contrast agents in clinics [5-7]. Approximately, 100 nanomedicine
products have been commercialized and marketed [2]. Other various nanomaterials are on
about 800 clinical trials [8].

In preclinical tests, numerous nanomaterials demonstrate very promising properties for
cancer imaging and therapeutics. However, only a few nanomaterials composed of Fe, Si,
Au, polysaccharides polymers or natural products have been considered for potential clinical
applications. Representatively, iron oxide nanoparticles, which are one of the elements in
blood, have been used for cellular hyperthermia and MR imaging contrast [9,10]. The
superparamagnetic properties of nanoscale iron oxide particles have been using for those
applications and beyond. The magnetic properties and functions for medicine are readily
tailored for each purpose by changing the size and structure of the nanoparticles. Recently,
anisotropic and high-complexity Au nanostructures such as hyper-branched or dendritic
structures also have been observed to be advantageous, because they provide a larger number
of available active sites and surface atoms per unit area compared to spherical nanoparticles
[11]. Various shaped metallic nanoparticles having specific light absorption properties
generate robust heating for the local ablation therapies. High-density metallic nanoparticles
allow a CT imaging contrast effect [12]. Disk-shaped Au-coated magnetic particles with a
magnetic spin vortex can directly kill cancer cells with magneto-mechanical stimulations
modulated by an external magnetic field [13]. Temperature-sensitive polymeric micelles
effectively deliver drug molecules at a specific temperature [14]. Magnetic clusters enhance
the MR imaging properties and at the same time carry much of drug with the nanopores
[15]. Further mesoporous silica hanoparticles have shown great potential for the drug
carriers [16,17]. Upconversion nanoparticles have been developed for stable luminescent and
multimodal imaging functions in pre-/intra-/post-operative imaging [18]. Those proposed
nanomedicines using novel nanoparticles should be a desirable new approach to treat
cancers.

2. Current Limitations of Nanomedicine

However, big challenges of those nanoparticles for nanomedicine applications has been
issued during recent in vivo and clinical translations [19]. In 2016, Wilhelm et al. [20]
reviewed the literature from the past 10 years on nanoparticles-based nanomedicine; they
reported that only 0.7% [median] of the administered nanoparticle dose was delivered to a
solid tumor. The enhanced permeability and retention (EPR) effect and active targeting using
tumor specific molecules are regarded as promising approaches for the tumor targeting, but
RES sequestration, tumor-intrinsic barriers and tumor heterogeneity resulted in extremely
low tumor targeting and tumor uptake efficiency [20-22]. This low targeting efficiency
negatively affects the translation of nanomedicine to clinical applications. Hence, current
future cancer nanomedicine strongly requires more localized and personalized approaches
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considering the tumor heterogeneity. More efforts for in-depth understanding of
nanoparticles and tumor interactions are needed [2]. Eventually, nanomedicine approaches
should be tailored and personalized based on medical diagnosis and imaging. Medical
image-guided interventional oncology approaches should be one of the promising solutions
for current nanomedicine.

3. Image Guided Cancer Nanomedicine: A New Opportunity

Interventional oncology is a subspecialty field of interventional radiology that performs the
diagnosis and treatment of cancer using targeted minimally invasive procedures performed
under image guidance. It employs X-ray, ultrasound, computed tomography (CT) or
magnetic resonance imaging (MRI) to help guide miniaturized instruments (e.g.,
intravascular catheter, biopsy needles, ablation electrodes) to allow targeted and precise
treatment of solid tumors located in various organs of the human body. Advances in medical
imaging and image guidance for the detection, characterization, targeting and therapy of
cancers now allow for minimally invasive image-guided treatment of many solid tumors
without the toxicity of chemotherapy and radiation. The image-guided procedures have been
shown to result in fewer complications, faster recoveries, and reduced costs [23-25]. The
most widely practiced procedures are transcatheter-directed therapies with intra-tumoral or
intra-arterial delivery and percutaneous or endoscopic ablative therapies. Transcatheter-
directed therapies such as transcatheter arterial embolization (TAE) and chemoembolization
(TACE) are catheter-based intra-arterially delivered tumor treatments. Ablative therapies
such as radiofrequency ablation (RFA) and cryo-ablation generally involve the destruction of
the lesion via a percutaneously placed needle. Medical imaging plays key roles in those
image-guided therapies and interventional procedures. Those roles are (a) preprocedure
planning (identifying tumor volume); (b) intraprocedural targeting (guiding catheter
delivery); (c) intraprocedural monitoring (monitoring tumor tissue changes caused by the
treatment during the procedure); (d) intraprocedural control (making adjustments); and (e)
postprocedure assessment (measuring effectiveness and for further intervention). Contrast
agents are often required to highlight a target site that is not visualized well on unenhanced
scans in pre-, intra- and post-procedural therapies.

Although those interventional approaches mainly have been used for traditional local
therapies such as radiofrequency/cryo/chemical tumor ablation, focal laser ablation, tumor
(chemo-) embolization, local drug infusion and so on, those conventional interventional
therapeutics are conveniently combined with multifunctional nanoparticle-based
nanomedicine. Recently, various image-guided cancer nanomedicine approaches have been
tested and have shown promising results in preclinical settings (Table 1). Advanced
functions of nanoparticles provide high imaging contrast effects during image-guided
therapeutic procedures and more tumor-specific triggered therapeutics at the same time.
These features also suggest a new opportunity of nanomedicine that has been stagnant with
low tumor targeting and toxicity issues for clinical translation. Now, emerging next-
generation nanomedicine—"image-guided cancer nanomedicine”—combined with
interventional oncology approaches fulfills minimal systemic distribution, homogeneous
distribution at targeted sites and high local delivery of nanomedicine resulting in enhancing
the efficacy of cutting-edge nanomedicines (Figure 1). Furthermore, the image-guided
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delivery of nanomedicine will be important in future clinical practice (Figure 1). First, an
effective dosage of nanomedicine can be highly localized in tumor regions with minimized
systemic toxicity; second, it is possible to monitor and confirm whether the nanoparticles-
based nanomedicine is properly delivered to the disease site after injection (local infusion
and tracking); third, an amount of the injected nanoparticles can be quantitatively analyzed
to determine the amount of the post infusion (non-invasive quantification); finally,
distribution of the injected nanoparticles in the body can be monitored for a long-term period
(diagnosis and post evaluation). The proposed new image-guided cancer nanomedicine
approaches should eventually permit patient-specific dosimetry and tumor-specific treatment
of cancers for the superior therapeutic effect in a personalized manner [18,26-28]. At the
same time, it is expected that the use of nanomedicine techniques in interventional oncology
will open a new chapter for exceptional therapeutic efficacies [15,29]. It is worth noting that
image-guided cancer nanomedicine incorporates new medical imaging techniques,
nanoparticles, molecular entities and novel classes of therapeutic agents (SiIRNA, mRNA,
gene editing, immune checkpoint inhibitors) as well as existing drugs/therapeutics. Strong
collaborative multidisciplinary teams including clinicians, basic scientists and nano-
scientists are essential for advancing the image-guided cancer nanomedicine for clinical
translation.
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Image-guided Cancer Nanomedicine
using Interventional Oncology Approaches

Tumor associated blood vessels
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Figure 1.
Image-guided Cancer Nanomedicine. Image-guided infusion of nanomedicine using

interventional procedures allows personalized therapeutics with highly localized
nanotherapeutics.
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