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ABSTRACT: Current treatments for soft tissue sarcomas primarily involve surgical excision of the tumor with widely negative 
margins. To further reduce the risk of local recurrence, neoadjuvant or adjuvant treatment with radiation or systemic therapy 
may be added. Both radiation therapy and systemic therapy may be limited by off-target effects. Advances in nanotechnology aid 
with intraoperative and postoperative visualization of tumor margins, which improve surgical excisions and offer the opportunity 
to selectively target tumors with systemic therapy or local adjuvants, reducing off-target effects. Through exploitation of unique 
attributes of peritumoral vasculature, methods of fluorescence localization and targeted drug delivery, nanotechnology has the 
potential to transform the surgical management of soft tissue sarcomas.
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�   Introduction
With an estimated 13,130 diagnoses and 5,350 deaths of 

soft tissue sarcomas in 2020, current treatments for sarcomas 
have much room for improvement.¹ A majority of these tu-
mors are treated with surgical excision. However, one of the 
many challenges of excising soft tissue sarcomas, a soft tissue 
cancer that originates from mesenchymal tissue, is its high 
recurrence post-surgical excision.² In some cases, radiation 
is added to decrease local recurrence, but this can cause side 
effects. Similarly, while systemic therapy is not commonly 
incorporated in the treatment plan for extremity soft tissue 
sarcomas, these medications are limited by off-target effects, 
or systemic side effects. Nanotechnology offers the potential 
to reduce either local recurrence of sarcomas or the side effects 
of radiation or chemotherapy. The novel technological field 
aims to reduce the toxic effects of chemotherapy and radiation 
by taking advantage of the unique attributes of peritumoral 
vasculature. The use of nanotechnology in cancer detection 
and treatment can reduce harmful side effects and increase 
the efficacy of treatments, while providing non-invasive im-
aging to assist with the surgical removal of sarcomas.³ This 
review will discuss current research regarding the use of nan-
otechnology in the detection and treatment of sarcomas, as 
well as the future applications of nanotechnology outside of 
oncology.

The EPR and ELVIS Effect:
One of the most important characteristics of tumors that 

supports growth is tumor angiogenesis, or the formation 
of new blood vessels. It has been proven that tumors create 
vascular endothelial growth factor (VEGF) that increases an-
giogenesis. The new vasculature in the tumor helps maintain 
the blood supply to the tissue and keeps it alive. The “...defec-
tive vascular architecture; large gaps between endothelial cells 
in blood vessels; abundant vascular mediators...and vascular 
endothelial growth factor; and impaired lymphatic recovery” 
in the peritumoral environment give tumor tissue unique 

properties including the Enhanced Permeability and Reten-
tion (EPR) effect.⁴ The EPR effect is a natural phenomenon 
that occurs in solid tumors as a result of their abnormal vas-
culature. Normal capillaries allow the diffusion of some small 
particles. Tumor vasculature, however, is defective and tends 
to produce an abnormal amount of different permeability fac-
tors. Therefore, many solid tumors have an enhanced state of 
permeability, which helps with the diffusion of nutrients and 
oxygen into the tissue. The “retention” aspect is accompanied 
by the retention of the larger particles within the peritumoral 
environment, though there is a size cutoff for retained parti-
cles. Physicians can utilize these characteristics to apply the 
EPR effect in therapeutic or diagnostic applications.⁴ The 
EPR effect is a fundamental concept in the use of nanotech-
nology as a targeted drug-delivery system. Because of this 
phenomenon, nanotechnology proves to be a promising field 
of research for oncological therapeutics.

The Extravasation through Leaky Vasculature and the 
subsequent Inflammatory cell-mediated Sequestration (EL-
VIS) is an alternative mechanism that occurs along with the 
EPR effect. The initial identification of this effect was ob-
served in inflammatory arthritis animal models. It was noted 
by Yuan et al. that, in inflammatory arthritis animal models, 
once “the macromolecular prodrug extravasates through the 
leaky vasculature, it is internalized and sequestered by the 
synoviocytes.”⁵ These animal models suggest that the target-
ed retention of macromolecules at inflamed joints is caused 
by the selective extravasation, or the leakage of fluids from 
a blood vessel to surrounding tissue, through the leaky vas-
culature of the inflamed tissue.⁵ Within the peritumoral 
microenvironment, there are also areas of local inflammatory 
responses called the reactive zone. These areas of inflamma-
tion may result in “leaky” vessels and provide an alternative 
mechanism for sequestration of the nanoparticles within the 
tumor through the ELVIS effect.⁶ While the EPR effect 
explains why nanoparticles sequester at tumors, the ELVIS 
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impact of the nanoparticles once they reach the tumor site, 
since the effect helps with determining the cellular mech-
anisms utilized once the nanoparticles are in tumor tissue. 
Understanding this dictate how the nanotechnology prop-
erties may be adjusted in order to take full advantage of the 
characteristics of the tumor. 

Nanotechnology:
Nanotechnology describes particle sizes usually between 

1 and 100 nanometers. The small size is responsible for 
its unique properties, which allows for advancements in 
energy, manufacturing, and medicine.⁷ The EPR effect and 
ELVIS effect utilize nanoparticles ideally between 50 to 
150 nanometers, since smaller particles not only clear the 
body quicker but also diffuse through normal capillaries. In 
addition to size, the particle shape, charge, and lipophilicity 
of a nanoparticle all impact its utility and anatomic sites. 
Combining existing therapeutics with these properties 
afforded by nanotechnology applications can assist in the 
detection and treatment of sarcomas through targeted 
delivery, novel imaging techniques, controlled drug-release, 
and improved bioavailability.⁸

Fluorescence Localization:
In the last few decades, various imaging techniques, 

including computed tomography (CT), magnetic resonance 
imaging (MRI), and positron emission tomography (PET), 
have assisted in the detection of soft tissue masses as well 
as preoperative planning. Gadolinium is a contrast agent 
used in an MRI scan to help show abnormal tissue in the 
body. This widely utilized agent in magnetic resonance works 
predominantly by highlighting the localization and timing of 
vascular flow to the area. Though it is not a nanoparticle in 
the traditional sense, Gadolinium works as a diagnostic tool 
in a similar way to nanoparticles, and its size and charge allow 
the contrast agent to distribute in a similar pattern to that 
predicted by the EPR effect.⁹

Some tumors are surrounded by a large reactive zone of 
inflammation which may contain tumor cells.  This is perhaps 
best recognized in myxofibrosarcoma, though inflammatory 
sarcomas of numerous histopathologic subtypes are 
recognized. These areas are visually enhanced with 
gadolinium.  As such, a nanosized fluorescence probe may 
be utilized to identify the area of peritumoral inflammation, 
using the hyperpermeable vasculature of the inflammatory 
reactive zone and the properties of the ELVIS phenomena.  
With intraoperative fluorescence excitation, this technology 
affords the capability to assist the margin detection during 
surgical dissections of the soft tissue sarcomas.¹⁰

One instance of a compound used for intraoperative 
optical imaging is 5-Aminolevulinic acid (5-ALA). 5-ALA 
has been extensively studied for neurosurgical applications 
in managing gliomas. The non-toxic compound was 
found to be a promising subject of research for Kenan et 
al, who established that 5-ALA can selectively illuminate 
myxofibrosarcoma and chordoma cells in vitro. Since 5-ALA 
also acts as a photosensitizer, it additionally proved to be a 
potentially effective compound for photodynamic therapy 

of myxofibrosarcomas may contain tumor cells, making 
them susceptible to high rates of local recurrence. 5-ALA’s 
ability to fluorescence at specific wavelengths suggests this 
as a candidate for fluorescence-guided surgical excisions, and 
the potential for PDT may further reduce the risk of local 
recurrence associated with similar tumors.¹¹

Another example of a contrast used in intraoperative optical 
fluorescent detection is Hexa(sulfo-n-butyl)[60]Fullerene 
(FC₄S).12 FC₄S is a water-soluble molecule that has been 
known to cause cytotoxic effects on certain microorganisms 
after light exposure, which is known as photosensitization.  
Its ability to mediate PDT and water solubility suggests the 
molecule has the potential to help with the treatment of 
tumors. Yu et al confirmed the photodynamic properties in 
vitro, using fibrosarcoma cells and in murine sarcoma cells. 
The light irradiation with an argon-ion laser after injection 
of an FC₄S prevented further growth of the S180 tumors, and 
the PDT improved hematological and blood biochemistry of 
mouse models of sarcomas.¹²

Indocyanine Green Dye (ICG) has been used as a guide for 
carcinoma resections and has proven to greatly improve the 
results of surgical removals by helping surgeons achieve clear 
margins. Once injected into the bloodstream, ICG remains 
in areas of disorganized vasculatures, such as within tumors, 
and helps identify hepatocellular carcinomas, a common type 
of liver cancer.¹³ Fluorescein angiography is a diagnostic 
test that uses a yellowish-colored dye called fluorescein 
to visualize blood vessels generally used by reconstructive 
surgeons.¹⁴ ICG fluorescence angiography uses ICG instead 
of fluorescein to take advantage of the dye’s attraction to 
areas of disorganized vasculature.  Mahjoub et al. conducted 
research on mouse models of osteosarcoma to determine 
the effectiveness of ICG as an intraoperative guide during 
sarcomas resection. The research established that “ICG near-
infrared fluorescence angiography signal localized precisely 
to primary and metastatic OS tumors and not the adjacent 
microenvironment”.¹⁵ The findings prove that the ICG 
fluorescence angiography can help achieve clear surgical 
margins, which are essential to ensure the complete removal 
of sarcomas and decrease local recurrence. Similar to the 
previously mentioned substances, ICG has the potential, as a 
nanoparticle, to increase efficacy and prevent positive surgical 
margins.¹⁵

Targeted Drug Delivery:
Another potential therapeutic use of nanotechnology, 

similar to PDT, is the use of a targeted delivery system, which 
can help decrease toxicity and increase the efficacy of current 
treatments. It has been found that “local failure rates of 10% 
to 28% at 5 years have been reported for locally advanced, 
unresectable sarcomas, due in part to limitations in the 
cumulative [radiation] dose that may be safely delivered”.¹⁶ 
In other words, radiation is unable to fully treat certain 
sarcomas due to dosage limitations, similar to chemotherapy. 
Nanotechnology can greatly improve dosage limitations 
by using its selective distribution. For instance, cisplatin is 
an agent that can be used alone or with either radiation or 
chemotherapy to help fight cancer. The agent is widely used 
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against many types of solid tumors, including breast, liver, 
lung, ovarian, testicular, bladder, head and neck, small-
cell and non-small-cell lung cancers. However, cisplatin 
is unable to selectively distribute to tumor tissue, causing 
dose-limiting side-effects.¹⁷ With the use of nanoparticles, 
cisplatin can potentially be used without the side effects as 
the non-selective distribution. The anticancer agent is the 
ideal example of how nanotechnology can work with both 
chemotherapy and radiation to provide targeted drug delivery 
that would reduce the harmful dose-limiting side effects of 
the treatments. Every radiosensitizer and chemotherapy 
agent works differently, but nanotechnology can greatly 
improve the effectiveness of both treatments and offer a more 
manageable treatment experience for the patient.

One example of targeted delivery systems is ionizing 
radiation, which treats cancer by forming ions in cells, 
removing electrons from atoms or forming free radicals and 
DNA strand breaks. This can activate cell death pathways 
or prevent cells from growing by changing their genes.¹⁸ 
Radiosensitizers are substances that increase tumor cells’ 
sensitivity to radiation by increasing the speed at which 
DNA is damaged.¹⁹ Increasing the sensitivity of tumor tissue 
to radiation will assist in improving the effectiveness of the 
limited dosage of radiation against tumors.  Nanoparticles 
can help with the radiosensitization of tumor tissue and 
provide imaging that may be useful for treatments. For 
instance, research into gold nanoparticles demonstrates 
their potential to help improve the efficacy of radiation 
therapy. Research has shown that radiation, in conjunction 
with nanoparticle radiosensitizer formulations, increases the 
effectiveness of radiation treatment. In a mouse model of 
sarcoma, nanoparticles were able to accumulate in the tumor 
tissue, providing imaging and possibly radiosensitization. 
The mice, once treated with gold nanoparticles and radiation, 
showed improved tumor regression and survival.¹⁶ The 
small molecules of cisplatin, oxaliplatin, and carboplatin 
can be made into nanomolecules. The three particles have 
the ability to kill cancer cells without the use of radiation, 
and act as radiosensitizers, improving the effectiveness of 
radiation.¹⁹ Similar to the previously mentioned application 
of nanotechnology, the use of nanotechnology in therapeutics 
requires further research to optimize the effects of 
nanoparticles in the treatment of sarcomas.

An alternative approach towards the use of nanotechnology 
in oncologic care relates to immunotherapy.  One example was 
the use of N-(2-hydroxypropyl)methacrylamide (HPMA) 
copolymers, which are water-soluble and biologically stable. 
Initially, these copolymers were used with arthritis, where 
HPMA-based anti-inflammatory medications could be 
selectively delivered to areas of inflammation. Through the 
same concepts that allow the copolymer to be selectively 
delivered to sights of inflammation, pro-inflammatory 
medications can be delivered to extravasate in peritumoral 
vasculature as an attempt to alter the local macrophage 
population from a tumor-promoting M2 phenotype to a 
tumor-suppressing M1 phenotype.⁶

Ultimately, it is important to select the best drugs to 
work with nanotechnology to detect and treat different 
inflammatory diseases. Similar to the nanocarrier design, the 
drugs must be chosen to fit the specific pathophysiology of 
the disease being treated. Toxic substances with harmful off-
target effects could potentially be used in safer and alternative 
ways if targeted drug delivery can reduce these off-target 
effects.⁶

Future Applications:
Though research in nanotechnology-based therapeutics 

has made enormous strides in the treatment of soft tissue 
sarcomas, there are aspects that require further exploration in 
order to increase efficacy and safety. More extensive research 
is needed to investigate the physiological barriers that prevent 
nanotechnology from working efficiently and avenues to 
bypass these barriers. Although the design for a nanoparticle 
will have to be made disease-specific to accommodate for 
the heterogeneous tumor-microenvironment, this research 
can help specify design characteristics that optimize the 
nanoparticle design.²⁰ Furthermore, nanomaterials will need 
to be studied to determine their safety in the human body and 
their effectiveness as a nanoparticle for sarcoma treatment.
�   Conclusion
Nanotechnology has proven to be an effective tool in 

medicine. Research in the field of oncology has shown the 
novel technology to have the potential to detect and treat 
cancer while also preventing any recurrence. Though further 
exploration is required in certain aspects of the field, as 
research continues, nanotechnology’s targeting capabilities 
will revolutionize current soft tissue sarcoma treatments. 
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