
 

Treat cancer with cold plasma? Aerospace
engineer helps bring first clinical trial
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Purdue aerospace engineer Alexey Shashurin assisted in the development of the
Canady Helios Cold Plasma System and Scalpel, which has been approved by the
FDA for use in clinical trials. Credit: US Medical Innovations image

Cold atmospheric plasma technology, currently the only way to remove
microscopic cancer tumors remaining from surgery, has been approved
by the U.S. Food and Drug Administration for first-ever use in a clinical
trial.

For solid tumor cancers such as those in the breast and lungs, standard
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treatment involves chemotherapy, radiation, surgery or all of the above.
When these tumors aren't fully removed, they can cause the cancer to
come back. Approximately 20%-40% of women undergoing partial
mastectomy in the U.S. each year, for example, return to surgery
because of marginal tumors that the surgeon couldn't see the first time
around.

A multi-institute team, which included Purdue University aerospace
engineer Alexey Shashurin, developed a pen-like electrosurgical scalpel
that sprays a blue jet of cold plasma at any remaining cancerous tissue or
cells for 2-7 minutes. The device targets only tumors, leaving
surrounding tissue unharmed, as demonstrated in vitro, in vivo and in
FDA-approved compassionate use cases prior to the clinical trial.

U.S. Medical Innovations LLC (USMI) and the Jerome Canady
Research Institute for Advanced Biological and Technological Sciences
(JCRI/ABTS) led the team and are sponsoring the clinical trial, with
plans to recruit patients in September.

USMI developed and patented the first high-frequency electrosurgical
generator with cold plasma for the selective treatment of cancer in 2014.

The technology, approved for an FDA phase I clinical trial in 20
patients, was developed by a team led by Canady, chief science officer
of JCRI/ABTS, CEO of USMI and a research professor in the School of
Engineering and Applied Sciences at The George Washington
University; an engineering team led by Taisen Zhuang, the vice president
of research and development at USMI; Michael Keidar, a professor in
the School of Engineering and Applied Sciences and director of the
Micropropulsion and Nanotechnology lab at The George Washington
University; and Shashurin, an assistant professor in Purdue's School of
Aeronautics and Astronautics.
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"Plasmas are very reactive, which can cause a variety of responses on the
cellular level in biological tissue. But because they're also extremely hot
gases, there had been a push over the past 20 years to generate and test
cold plasmas for biological applications," Shashurin said.

In addition to developing cold plasma solutions for cancer treatment
technology, Shashurin's lab also conducts research on various topics of
experimental plasma sciences. These include generation and diagnostics
of miniature cold plasmas at atmospheric pressure, application of cold
plasma for sterilization, laser-induced plasma for combustion
diagnostics, advanced spacecraft propulsion and nanosecond repetitive
plasma discharges for aerodynamic flow control.

In 2008, Keidar and Shashurin were among an early wave of researchers
to develop a cold plasma generator and see that it produces responses
from biological tissue. By 2011, the team had published a paper in the 
British Journal of Cancer showing that cold plasma selectively kills
cancer cells in animal models.

Keidar and Shashurin began consulting with USMI in 2013 on creating
an industrial-scale prototype of the cold plasma generator and its
application for cancer treatment, based on a generator they had
developed and patented. The goal was to integrate cold plasma with
Canady Hybrid Plasma electrosurgical scalpels already used in operating
rooms because these scalpels allow for bloodless surgery. This is due to
their ability to cut and coagulate tissue at the same time, sealing off
blood vessels.

This cold plasma technology selectively kills tumors through toxic
molecules called reactive oxygen species, which damage targeted
cancerous tissue but do not affect normal biological tissue. Lasers could
also kill tissue, but the high heat would also bring permanent damage to
surrounding tissue.
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To bridge the advantages of electrosurgical scalpels with cold plasma,
JCRI/ABTS and USMI converted standard high-frequency
electrosurgical generators into ones that spray cold plasma.

"Cold plasma application is the fourth arm for the treatment of cancer,
following chemotherapy, radiation and surgery. There's no other 'magic
bullet' out there for killing off residual tissue," Canady said.

One of the clinical trial sites for this device will be Rush University in
Chicago. Meanwhile, Shashurin's lab at Purdue will continue to
collaborate with USMI on further development of this technology.

The work aligns with Purdue's Giant Leaps celebration, acknowledging
the university's global advancements made in health, longevity and
quality of life as part of Purdue's 150th anniversary. This is one of the
four themes of the yearlong celebration's Ideas Festival, designed to
showcase Purdue as an intellectual center solving real-world issues.

  More information: M Keidar et al. Cold plasma selectivity and the
possibility of a paradigm shift in cancer therapy, British Journal of
Cancer (2011). DOI: 10.1038/bjc.2011.386
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