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Enhancing The Delivery of Chemotherapy and Reducing its Toxicity 

Limitations of Cancer Chemotherapy 

• Less than 5% of systemically administered chemotherapy is delivered to the target tumor site 

• Off-target chemotherapeutic agents contribute to treatment toxicity and patient fatigue 

• Chemotherapy can induce tumors to secrete particles that promote the spread of cancer metastasis 

A Medical Device Strategy to Overcome These Limitations  

• Pre-Chemo depletion of tumor-released particles that restrict the successful delivery of chemotherapy 

• Post-Chemo elimination of off-target chemotherapy to minimize treatment toxicity and patient fatigue  

• Post-Chemo removal of chemotherapy-induced particles that promote the spread of cancer metastasis  

This paper is associated with a patent submission entitled: “SYSTEM AND METHODS TO ENHANCE CHEMOTHERAPY 

DELIVERY AND REDUCE TOXICITY” that has been filed with the United States Patent and Trademark Office (“USPTO”).  

Author and inventor Jim Joyce is co-founder and CEO of Sigyn Therapeutics, Inc.  Email: jj@sigyntherapeutics.com 

Chemotherapeutic agents are the most commonly administered drugs to treat cancer, the second 

leading cause of death in the United States.1 Despite therapeutic advances, treatment toxicity, drug 

resistance and inadequate tumor site delivery restrict the benefit of chemotherapy. 

 

To overcome these limitations, we designed a therapeutic device system to enhance tumor site 

delivery of chemotherapy and reduce its toxicity.  Our objective is to reduce treatment dosing 

without sacrificing patient benefit, or conversely increase chemotherapy dosing without added 

toxicity. In concert with these objectives, our therapeutic system offers to inhibit the spread of 

cancer metastasis induced by the administration of chemotherapy. 

 

Our treatment system is comprised of two extracorporeal blood purification technologies. 

ChemoPrepTM, administered prior to chemotherapy to optimize tumor site delivery, and 

ChemoPureTM, deployed post-chemotherapy to reduce treatment toxicity and inhibit the potential 

spread of metastasis.   

 

A more effective, yet less toxic treatment experience could transform the administration of 

chemotherapy and extend the lives of those suffering from cancer.  Based on the increasing 

prevalence of cancer, analysts project the global market for chemotherapeutic drugs will increase 

from $42.9 billion in 2021 to $89.3 billion in 2029.2 
 

About ChemoPrepTM  

 

To improve the delivery of chemotherapeutic agents, we designed ChemoPrepTM to deplete the 

circulating presence of tumor-derived extracellular vesicles or exosomes (Tumor-EXs) that 

promote cancer progression and diminish treatment efficacy. As compared to non-cancer subjects, 
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exosome populations are immensely concentrated (10x to >500x higher) in the bloodstream of 

those suffering from cancer.3,4   

 

Tumor-EXs are known to decoy and directly inhibit chemotherapeutic agents from reaching tumor 

cell targets.5,6,7 Recent studies also reveal that Tumor-EXs can export delivered chemotherapeutic 

agents back out of cancer cells.8 The ability of Tumor-EXs to sequester chemotherapeutic agents 

is considered a key mechanism that contributes to multidrug resistance, a critical factor associated 

with treatment failure and short-term survival.9,10,11 

 

Based on these factors, the pre-chemo depletion of circulating Tumor-EXs establishes a novel, yet 

practical strategy to increase tumor-site saturation, which in turn may permit for lower doses of 

chemotherapy to be administered without diminishing patient benefit. 

 

Enhancing Nanoparticle Delivery of Chemotherapy 

 

In recent decades, the encapsulation of chemotherapy within nanoparticles has become a prevalent 

method to deliver chemotherapeutic agents in greater concentrations with reduced toxicity profiles 

across a wide range of cancers.12 

 

Among these nanoparticle delivery systems, liposomes are the most common and well-

investigated for the targeted delivery of chemotherapeutic agents.13 The first U.S. Food and Drug 

Administration (FDA) cleared nanoparticle system incorporated the chemotherapy agent 

doxorubicin within PEGylated liposomes (PLD) to treat a wide-range of cancers, including AIDS-

related Kaposi’s sarcoma; and leukemia, ovarian, breast, bone, lung, and brain cancers. 

 

While PLD and other nanoparticle systems may improve the delivery of chemotherapy payloads, 

actual tumor-site saturation of chemotherapeutic agents remains negligible.  In one study, it was 

estimated that just 0.5 to 3.5% of a total PLD dose is delivered to the target tumor site.14   A 

different study reported that 99% of nanoparticle delivered chemotherapy fails to reach the target 

tumor site.15 

 

Consistent with our therapeutic strategy, researchers have demonstrated that inhibiting the 

production of Tumor-EXs increases tumor-site uptake of PLD, which in turn increased cytotoxic 

cell death.16 The same research team reported the inhibition of Tumor-EXs allowed for a 50% dose 

reduction of PLD to induce the same cytotoxic effects as a full PLD dose without the inhibition of 

Tumor-EXs. 

 

To improve tumor site saturation of chemotherapeutic agents, ChemoPrepTM reduces the 

circulating presence of Tumor-EXs that play a prominent role in inhibiting the delivery and 

effectiveness of chemotherapy. 

 

Additionally, ChemoPrepTM synergistically optimizes the performance of ChemoPureTM as a 

reduced bloodstream presence of Tumor-EXs (which are competitive binding and adsorption 

factors) would likely increase the efficiency of ChemoPureTM to deplete circulating 

chemotherapeutic agents that are not delivered to the target tumor site. 
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About ChemoPureTM 

 

ChemoPureTM is being advanced to perform two critical functions after chemotherapy 

administration: 

 

1. To reduce treatment toxicity through the extraction of bloodstream chemotherapeutic 

agents (chemopurification) that are not delivered to the target tumor site.   

 

2. To reduce the circulating presence of chemotherapy-induced Tumor-EXs that promote the 

spread of cancer metastases. 

 

Toxicity Reduction 

 

As previously referenced, a vast majority of systemically administered chemotherapeutic agents 

are not delivered to the target tumor site.14,15 As a result, a significant percentage of 

chemotherapeutic drugs remain in the patient’s circulatory system, where they are more likely to 

contribute to treatment toxicity versus patient benefit.  Once initial tumor saturation has been 

achieved, ChemoPureTM offers to reduce treatment toxicity by depleting the presence of 

bloodstream chemotherapeutic agents before they induce the death of healthy non-tumor cells. 

Decreased toxicity may also alleviate treatment-related fatigue and potentially mitigate long-term 

health consequences that result from chemotherapy administration.  

 

The ability to reduce treatment toxicity would establish ChemoPureTM as a leading therapeutic 

strategy to deliver chemotherapy in greater doses and may allow for drug regimens to be re-dosed 

within shorter time-intervals.    

 

Inhibiting the Spread of Cancer Metastasis  

 

Beyond toxicity, numerous studies report that chemotherapeutic agents stimulate the secretion of 

Tumor-EXs by cancer cells.17  In breast cancer, primary tumors release Tumor-EXs that facilitate 

the seeding and growth of metastatic cancer cells in distant organs.18 These observations are further 

reinforced by studies that identify chemotherapy-induced Tumor-EXs to accelerate breast cancer 

metastasis, and that the targeted inhibition of Tumor-EXs may be a promising strategy to improve 

the efficacy of chemotherapy treatment.19 

Chemotherapy has also been reported to induce the release of Tumor-EXs that promote lung cancer 

metastasis.20   In ovarian cancer, the chemotherapeutic agent cisplatin induces the release of Tumor-

EXs that increase tumor invasiveness and promote drug resistance.21  

Furthermore, chemotherapy has been reported to promote the release of Tumor-EXs in Acute 

Myelogenous Leukemia (AML) patients.22. Therapies for AML have largely been unsuccessful 

due to disease recurrence after chemotherapy, which is associated with secretion of Tumor-EXs.  

Researchers believe that blocking the spread of Tumor-EXs would benefit AML patients.23 
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Chemotherapy-induced Tumor-EXs may also enhance the progression of multiple myeloma24 and 

colon cancer.25 

 

Based on established and emerging scientific evidence, ChemoPrepTM and ChemoPureTM represent 

a synergistic strategy to improve patient outcomes and quality of life through an optimization of 

chemotherapy delivery in concert with toxicity reduction. 

 

Pre-clinical Insight 

 

Underlying our development of ChemoPrepTM and ChemoPureTM is a unique combination of 

experience in the field of exosome biology along with the development of first-in-industry blood 

purification technologies. 

 

During the past two years, we advanced Sigyn TherapyTM (a novel blood purification technology 

to treat life-threatening inflammatory conditions) from conceptual design through completion of 

in vitro studies that validated depletion of twelve therapeutic targets from human blood plasma.  

Subsequent to these study results, animal studies were initiated and successfully completed at the 

University of Michigan.  An FDA regulatory submission is now being drafted to support the 

potential initiation of first-in-human studies.  

 

While Sigyn TherapyTM was designed to address life-threatening conditions that are not addressed 

with drug therapies, the intent of the ChemoPrepTM and ChemoPureTM is to enhance the benefit of 

chemotherapeutic drugs already approved for use in the marketplace. As such, we plan to pursue 

collaborative relationships with pharmaceutical organizations that develop and market 

chemotherapeutic drug agents. 

 

Additionally, we designed Sigyn TherapyTM for use on dialysis and continuous renal replacement 

machines, whereas we intend to deploy ChemoPrepTM and ChemoPureTM on portable blood 

processing systems that can be located within the clinical sites where chemotherapy is 

administered.  During treatment, the functionality of the blood processing system will allow for 

patient blood plasma to flow through our devices, which contain formulations of adsorbent and 

binding components that optimize the depletion of Tumor-EXs and chemotherapeutic agents from 

the bloodstream. 

 

The targeted removal of circulating drug agents has previously been demonstrated through various 

hemofiltration techniques.  However, high concentrations of Tumor-EXs in the bloodstream of 

cancer patients are competing factors that reduce the efficiency of such techniques to address 

chemotherapeutic drugs.  Additionally, researchers report that the clearance of nanoparticle 

formulations such as PLD may require other filtration strategies as current blood purification 

technologies do not retain liposomes.26 

 

In a recent in vitro study, we obtained pre-clinical insight that liposomal nanoparticles can be 

efficiently removed from human blood plasma. In the study, we evaluated the ability of an 

adsorbent formulation to deplete the presence of liposomes. After a two-hour interaction with our 

adsorbent formulation, initial liposome concentrations were quantified to be reduced from human 

blood plasma by 92.5%. 
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Beyond supporting our strategy to remove liposomal drugs from the bloodstream, the study 

reinforced the potential to address Tumor-EXs as liposomes have long served as a model system 

for isolating extracellular vesicles and exosomes based on a similarity of size and structural 

characteristics.27 

 

Taking into consideration the breadth of supporting scientific rationale and our previous industry 

experience, we envision a therapeutic system that will enhance the delivery of chemotherapy and 

reduce its toxicity. 
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