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(57) ABSTRACT

An apparatus for administering a cancer drug, comprising an
optical emitter operatively arranged to emit a visible point of
light onto a tissue surface to be treated, a robotic arm,
operatively arrange to move a drug-delivery device, 1n
sequence, to each of a plurality of predetermined positions
within the tissue to be treated, a tactile sensor operatively
arranged at the distal end of the drug-delivery device to
determine vertical height movement of the robotic arm for
contact of the tissue surface to be treated, a reservoir
arranged to store the cancer drug, a needle, operatively
arranged to be moved to each of the specific positions within
the tissue, and to deliver the drug at those positions, and, a
torch head for generating non-thermal plasma in proximity
to an end of the needle and the area to be treated.
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METHOD AND APPARATUS FOR
ADMINISTERING A CANCER DRUG

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119 (¢)
to U.S. Provisional Application No. 62/932,256, filed Nov.

7, 2019. This application also claims priority under
35 U.S.C. § 120 to PCT Application No.: PCT/US2020/

059332, filed Nov. 6, 2020, which application 1s incorpo-
rated herein 1n 1ts entirety.

FIELD OF THE INVENTION

The mvention relates generally to an automated medical
positioning device for administering a low temperature
plasma and drug combination to a patient at a selected site
of treatment on the patient.

REFERENCE TO COMPUTER PROGRAM
LISTING APPENDIX

The present disclosure includes a computer program
listing 1n an Appendix containing an ASCII text listing of the
computer program as follows:

Alfie-Tech Code-For-Patent HANIVA Epson-Robot

102820 7 KB Modified: Oct. 28, 2020

BACKGROUND

Melanoma 1s a type of skin cancer that 1s the result of
pigment-producing cells, known as melanocytes, mutating,
and becoming cancerous. A cancerous tumor or malignant
tumor 1s a group of cancer cells that grow 1nto nearby tissues
and destroy that tissue. Malignant tumors can metastasize or
spread to other areas of the body.

Melanocytes make melanin which gives skin, hair, and
eyes their color. Skin 1s the largest organ of the human body;
thus, 1t 1s essential to preventing outside substances and
materials from entering the body. The skin protects the
internal composition from outside temperature changes, and
foreign bacteria. Skin also utilizes perspiration to regulate
body temperature and remove waste products. In many
cases, melanocytes can group together and form moles on
the skin. These groupings can be of a different color,
commonly brown or pink. In some cases these groupings can
be raised to appear as a bump. The groupings are non-
cancerous tumors, often referred to as benign tumors. In
some cases, changes to melanocytes can cause melanoma
skin cancer. An early indicator of this change can include a
change 1n color, size, or shape of a bemign tumor.

A malignant melanoma tumor progresses in severity
through six stages. In the first stage (Stage 0 melanoma), the
tumor 1s still confined to the upper layers of the skin
(epidermis), known as 1n situ (e.g., 1n place). At this stage,
the cancer has not spread to lymph nodes or metastasized to
other sites. A malignant tumor up to 2 mm thick defines
advancement to Stage I melanoma which 1s characterized by
a localized tumor. At this stage, the tumor has not spread to
lymph nodes or other sites. Stage 1 1s further classified into
two subclasses: Stage 1A and Stage 1B based on the
thickness of the tumor and whether the tumor has ulcerated.
Ulceration 1s a breakdown of the skin on top of the mela-
noma. Melanomas with ulceration are more serious because
they have a greater risk of spreading, so they are staged
higher than tumors without ulceration. The risk factors of
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2

Stage 0 and Stage 1 are considered to be low as localization
of the tumor allows for more successtul treatment.
Intermediate risk for repeat occurrences and spreading
occurs at Stage II melanoma which 1s still characterized by
a localized tumor. In Stage II, there i1s still no spread to
lymph nodes or metastases to other areas. Ulceration 1s
usually present in this stage and the depth of the tumor
usually has reached the second layer of the skin (dermis).
Stage 11 1s further classified ito three subclasses: Stage 11A,
Stage 11B, and Stage 11C, based on the depth of the dermais
that the tumor has penetrated. Advancement to Stage III
melanoma occurs when the tumor has begun to spread to a
lymph node and there i1s definite presence of ulceration.
Stage 111 1s Turther classified into four subclasses: Stage I11A,

I1IB, IIIC, and IIID, based on the number of lymph nodes the

tumor has spread to. At Stage 111, the risk level for the patient
clevates to high due to the spreading of the tumor.
Stage IV melanoma indicates that the tumor has spread

beyond the original site and regional lymph nodes to more
distant areas of the body. The level of LDH (serum lactate
dehydrogenase), an enzyme that indicates tissue damage,
may be elevated. The most common sites of metastasis are
to vital organs (e.g., lungs, abdominal organs, brain, and
bone) and soft tissues (e.g., skin, subcutaneous tissues) as
well as distant lymph nodes (1.e., lymph nodes beyond the
primary tumor region). Stage IV 1s classified by three
subclasses: Mla, M1b, and Mlc. Mla 1s characterized by
the spread to distant skin, the subcutaneous layer (skin layer
below the dermis), or to distant lymph nodes, while LDH
levels are normal. Mlb 1s characterized by a metastasized
tumor to the lung and LDH 1s normal. The most advanced
Stage 1V level, Mlc 1s characterized by the tumor metasta-
s1izing to vital organs other than the lungs and LDH 1s
normal, or there are any distant metastases with elevated
LDH. Stage IV can further spread to the brain, or brain
metastases. Brain metastases are one of the most common
and difficult-to-treat complications of melanoma with risk
factors that differ greatly according to cancer prognosis.

Skin cancer 1s currently the most common form of cancer
across the United States. It 1s currently estimated by the
American Cancer Society that over 100,350 new cases of
melanoma will be diagnosed 1n the United States 1n 2020.
The American Cancer Society also estimates that 6,850
deaths will be caused by melanoma 1n 2020.

Low temperature plasmas have emerged as a new devel-
opment for therapeutics and 1ts use with injection related
administration of drugs. Cold-nonequilibrium plasmas have
enormous potential 1n disease therapeutics and pharmacol-
ogy as drug alternatives. Currently 1n the art, low tempera-
ture plasma applications include surface sterilization, bac-
terial decontamination, biofilm inactivation, antimicrobial
treatment 1n preservation, wound healing and cancer treat-
ment. The art of “plasma medicine” has emerged as a
multi-disciplinary branch combining biomedical sciences
and engineering. As of 2017 the state of the art of low
temperature plasma had grown to nineteen separate sub-
fields.

Nonequilibrium plasmas are operated at ambient atmo-
spheric pressure and temperature. They are very eflective
sources for producing highly reactive neutral particles such
as reactive oxygen and nitrogen species (RONS, 1.e., atomic
oxygen atomic nitrogen hydroxyl radical, superoxide, sin-
glet delta oxygen, and nitrogen oxides), charged particles,
UV-radiation, and electromagnetic fields. The RONS can
signal and generate oxidative damage to multiple cellular
components ultimately resulting in cellular death.
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Plasma 1tself has very unique properties that make 1t
therapeutically valuable. To form plasma, an electric field 1s
applied to a region of gas that strips electrons off the gas
causing a breakdown of that gas. The resulting free electrons
are accelerated by the electrical field, causing these electrons
to not be 1n a state of thermodynamic equilibrium. The gas
field that dominates 1s at room temperature while the elec-
trons are at an elevated temperature. This temperature dif-
ference creates a reactive environment and the reactions of
clectrons and 1ons created from the background gas result 1n
formation of metastable particles, reactive species, radicals,
and also radiation. The process ultimately achieves an
otherwise impossibly dry, chemically reactive environment
at room temperature.

Transdermal drug delivery has a plethora of advantages
over traditional methods of drug administration. Specifi-
cally, this delivery method has the ability to localize 1n a
non-invasive way and allows for controlled and sustained
release of a selected drug or molecule. Secondly, transder-
mal delivery avoids first-pass-metabolism which reduces the
concentration of a drug before 1t can be absorbed by the
circulatory system. Currently the main restriction that trans-
dermal drug delivery encounters relates to the permeability
of the skin. Low temperature plasma enables transdermal
delivery of significantly larger drugs or molecules without
damage at deeper layers of the skin such as the epidermis
and dermus.

The depth of permeation and drug concentration can be
regulated by controlling various electrical plasma param-
cters. Low temperature plasma-enabled skin poration (ex-
panding of the skin pores) provides a non-invasive, safe
means for transdermal delivery and cellular uptake of mol-
ecules, drugs and vaccines at room temperature and atmo-
spheric pressure without the pain, skin irritation and other
side eflects associated with electroporation and other meth-
ods. Plasmaporation 1s achieved by applying oxidative stress
from the RONS on the skin. Within the skin, as the low
temperature plasma 1s applied, (known as Cold Atmospheric
Plasmas or CAPs) the skin lipid structure develops a nan-
opore as the CAP treatment induces cross-linking of cer-
amides that pull the lipid structure open. The application of
the method does not require disposable electrodes or
needles, the need for disposal of bichazardous waste and
illicit reuse of biohazardous consumables 1s eliminated. An
additional benefit of using low temperature plasma 1s that of
concurrent skin sterilization and plasmaporation to allow for
larger drugs or molecules to permeate the skin.

Low temperature plasmas are known in combination with
drug delivery. The ability of plasma to allow for alternations
in skin composition for delivery, as briefly described above,
1s unique and produces unexpected results per previous
embodiments 1n the prior art. Currently the equipment to
administer delivery to patients, animals, or other in an
cilicient and precise manner does not exist.

A Tully automated procedure to conduct this process has
not heretofore existed. A current version of admainistration
requires a constant moderation and continual updating of the
frequency of operation. Resonance of the transformer, to
create the electric field needed on the atmospheric gas, must
always be achieved during the process; this requires a proper
frequency to be maintained 1n order for the plasma portion
of the system to operate consistently. In these previous
embodiments, constant manual adjustment of the i1deal fre-
quency 1s required in addition to visual ispection of the
plasma torch head to ensure a constant plume is present. Not
only 1s the manual adjustment time consuming but the
results are not reproducible for consistency of treatments.
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The system can also change over time due to factors such as
ambient temperature, and transformer or Metal Oxide Sili-

con Field Effect Transister (MOSFET) temperature. Once
the system changes, the plume can become too small to be
useable. This requires the operator to repeat the process of
manually adjusting the frequency.

Robots are well established as a technology for replacing
previous manual manipulations of a human worker, such as
the robotic assembly within a factory line. The use of robots
within medical environments 1s also well established in
current modern medicine. Despite these advancements 1n
robotics, medical injections are still predominantly done
manually by a medical professional. In other uses, medical
robots require a surgeon or other professional to operate the
robot.

Thus, there 1s a long-felt need for an automated medical
robot, one that only requires inputting the variables into
computer software to then allow a complete automatic
delivery of a full plasma and drug combination to predes-
ignated sites on a patient. There 1s a need for this advanced
treatment to be completely automated to promote consistent
treatment results, eliminate the need for manual adjustments,
and overall increase eflicacy and efliciency of medical
procedures and treatments.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s described 1n detail below with reference
to the drawings wherein:

FIG. 1 1s a perspective view of a patient with a melanoma
tumor 1n position to receive a combination plasma-injection
therapy provided by the apparatus for administering a cancer
drug of the present invention, which 1s also shown 1n FIG.
1,

FIG. 2 1s a cross-sectional view of human skin layers
illustrating the melanoma tumor within those layers shown
in FIG. 1;

FIG. 3 1s a perspective view of the robotic positioning
device of the mvention, shown with a drug delivery head 1n
position;

FIG. 4A 1s a perspective rear view of the drug delivery
head shown 1n FIG. 3;

FIG. 4B 1s a perspective front view of the drug delivery
head shown in FIG. 4A, but with part of the needle mount
of the drug delivery head cut away;

FIG. SA 1s a cross-sectional view of the melanoma tumor
within skin layers shown 1 FIGS. 1 and 2, showing sche-
matically a drug delivery needle approaching the surface of
the tumor;

FIG. 5B 1s a cross-sectional view similar to that of FIG.
5A, except showing the drug delivery needle penetrating the
surface of the tumor moving 1nto position to administer a
cancer treatment drug;

FIG. 5C 1s a cross-sectional view similar to that of FIG.
5B, except showing the drug delivery needle further embed-
ded within the tumor to administer the selected drug;

FIG. 6A 15 a perspective view of the plasma head of the
invention without the plasma electrode, gas tubing connec-
tion, electronic connection, or fastening components;

FIG. 6B 1s a perspective view of the plasma head of the
invention with the plasma electrode, gas tubing connection,
clectronic connection, and fastening components;

FIG. 6C 1s a sectional view of the plasma head shown 1n
FIG. 6 A cut along line 6C-6C;

FIG. 6D 1s a sectional view of the plasma head shown 1n
FIG. 6B cut along line 6D-6D;

FIG. 7 1s an exploded view of the drug delivery head;
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FIG. 8 1s a schematic of the electronic interface of the
plasma generator;

FIG. 9 1s a schematic of the robotic positioning device’s
program operation for positioming the delivery head for
injection of a cancer treating drug;

FIG. 10 1s schematic circuit diagram of the external
clectronics interface system:;

FIG. 11 1s a complete schematic of the robotic positioning,
device with the drug delivery head, gas delivery system,
plasma generation system, drug delivery system, external
clectronics interface system, and the internal robotic con-
troller:

FIG. 12 1s a perspective view of the dual-needle robot
injector head of the present invention;

FIG. 13 1s an exploded view of the dual-needle robot
injector head shown 1n FIG. 12;

FIG. 14a 15 an exploded view of the needle section of the
dual-needle robot injector head shown 1n FIG. 12;

FI1G. 145 15 a perspective view of the needle section of the
dual-needle robot injector head shown 1n FIG. 12;

FIG. 15a 1s an exploded view of the robot attachment
section of the dual-needle robot 1njector head shown i FIG.
12;

FIG. 15b 1s a perspective view of the robot attachment
section of the dual-needle robot injector head shown in FIG.
12;

FIG. 16a 1s an exploded view of the plasma generating
section of the dual-needle robot injector head shown 1n FIG.
12: and,

FIG. 165 1s a perspective view ol plasma generating
section of the dual-needle robot injector head shown 1n FIG.

12.

DETAILED DESCRIPTION

At the outset, 1t should be appreciated that like drawing
numbers on different drawing views identily identical, or
functionally similar, structural elements. It 1s to be under-
stood that the claims are not limited to the disclosed aspects.

Furthermore, it 1s understood that this disclosure 1s not
limited to the particular methodology, materials and modi-
fications described and as such may, of course, vary. Itis also
understood that the terminology used herein i1s for the
purpose ol describing particular aspects only, and 1s not
intended to limit the scope of the claims.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure pertains. It should be understood that any meth-
ods, devices or materials similar or equivalent to those
described herein can be used 1n the practice or testing of the
example embodiments.

It should be appreciated that the term ““substantially”™ 1s
synonymous with terms such as “nearly,” “very nearly,”
“about,” “approximately,” “around,” “bordering on,” “close
to,” “essentially,” “in the neighborhood of,” “in the vicinity
ol,” etc., and such terms may be used interchangeably as
appearing 1n the specification and claims. It should be
appreciated that the term “proximate” 1s synonymous with
terms such as “nearby,” “close,” “adjacent,” “neighboring,”
“immediate,” “adjoiming,” etc., and such terms may be used
interchangeably as appearing in the specification and claims.
The term “approximately” 1s intended to mean values within
ten percent of the specified value.

The invention disclosed herein 1s an automated drug-gas
treatment positioning and 1njection system that 1s capable of

delivering a liquid drug through a needle or other means
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6

simultaneously, or intermittently, with a flow of gas con-
taining a low temperature plasma stream that impinges the
needle and/or treatment area while the drug 1s being 1mnjected
or otherwise delivered.

In some embodiments, the automated system will deliver
multiple 1njections at the site of a tumor, skin defect site, or
other location on the surface of the body or within the body.
For some treatments, tens or hundreds of individual injec-
tions may be required, while simultaneously delivering a gas
flow, including a plasma stream that impinges the needle
and/or the site of 1njections.

In some further embodiments, the automated system may
be used for cosmetic skin care or delivery of other medica-
tions intracranially to the brain. The system may be used for
injecting enhancers to wound healing such as collagen that
could be employed on scar tissue post-surgery, e.g., C-sec-
tions or cosmetic surgeries.

The plasma stream 1s a state of matter, similar to the sun
or stars, except non-thermal 1n nature. It 15 composed of
multiple charged and non-charged species that include reac-
tive oxygen species (ROS) and reactive nitrogen species
(RNS) that damage cells resulting 1n a type of cell death
whereby the cells shrivel up known as apoptosis. Under
some plasma conditions, other forms of cell death are
induced such as necrosis. In addition, the class of drugs that
are induced by hypoxia and cause DNA damage also target
cell death 1n the form of apoptosis. They may be mhibitors
ol topoisomerase, 1.¢., enzymes that participate 1n the over-
winding or underwinding of DNA, and, thereby, prevent
DNA repair as well as inducing DNA damage. This class of
drugs may undergo a conformational change to assume a
structural configuration of a free radical 1n hypoxic condi-
tions. The combination therapy 1s significantly more eflec-
tive than either agent alone, inducing an additive to syner-
gistic eflect. This treatment 1s beneficial by promoting cell
death, particularly 1n cancer cells which have been shown to
be selectively targeted as compared to normal cells. The
spread of cell death has been shown to be amplified by the
passage ol free radicals and their potentially more stable
derivatives through gap junctions. The device described
above can be used to treat diseases that benefit from the
delivery of both the non-thermal plasma and the DNA
damaging agent 1n one device 1n a repeated pattern that can
be selected for the dimensions of the tumor.

An added benefit 1s that the needle for the drug delivery
can be designed to pass through the plasma between injec-
tions. This utilizes the other well-established function of the
plasma which 1s to promote sterilization. This device 1s
designed to prevent infection through the repeat sterilization
of the needle for drug injections.

The device 1s primarily designed to treat various forms of
cancer. It can treat tumors on the surface of the skin such as
melanoma, basal cell carcinoma, and squamous cell carci-
noma. This can be achieved through mapping the dimen-
sions of the tumor and injecting the drug with plasma
treatment multiple times following a grid-like pattern gen-
crated by computer analysis.

The device can also treat internal solid tumors directly
during a surgery procedure with a repeated position of the
plasma treatment and drug injection. This device has a stylus
which senses the contact with the tumor surface and then
injects the drug and emaits the plasma at the same depth from
the point of contact. This enables the treatment to reach the
same depth independent of the contour pattern of the tumor.
A stylus or other contact sensing device may be used to
determine skin contact, such as optical sensors or audio
sensors. The choice of sensor 1s determined by the type of
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treatment being administered, or disease being treated,
thusly non-contact options may be selected. In addition to
surface treatment with the plasma, an exchangeable adapter
1s used for the plasma head so that the plasma can be injected
into the tumor site or the delivery head may be changed to
an internal 1injection head. This can be achieved through the

guidance of 1maging such as MRI to identily the tumor
depth.

The device can be used to inject through the body to target
a tumor below the surface. This can be used to treat tumors
of the body such as brain tumors, pancreatic tumors, colon
tumors, stomach tumors, prostate tumors, breast tumors, and
any solid tumor within the body. We have demonstrated the
ability to mject the plasma through a 28-gauge needle which
can be used to 1nject 1nto the body 1n conjunction with drug
injection through a separate needle to affect any internal
solid tumor in the body.

The device can also be used as an adjuvant therapy to
deliver the plasma/drug therapy to the region surrounding
the area from which the tumor was removed under 1mage
guidance (MRI or other method). This method of targeting
1s designed to specifically kill the cancer cells that may
remain following a surgical procedure. This method may
prove to be highly effective 1in delivering the plasma/drug
therapy to the sites from which a tumor recurrence may
emerge. Thus, 1t may have a high eflicacy in preventing
tumor recurrence.

The device can also be used to combine one or more drugs
with the DNA damaging agent in order to further enhance
the therapeutic eflicacy. The drug(s) added to the DNA
damaging agent may be specific for different tumor types.
Examples of agents include, but are not limited to antian-
giogenic factors, specific gene targeting agents, 1mmuno-
therapy agents, etc. The 1deal dosing of any additional agents
will be determined experimentally 1n combination with the
DNA damaging agent and plasma combination. The agent(s)
may also be used with the plasma 1n the absence of the DNA
damaging agent for certain types of cancer.

The device can also be used for diseases other than cancer.
Other diseases may include but are not limited to 1mmuno-
suppressive conditions, musculoskeletal disorders, strokes,
infections, diabetes, endocrine disorders, renal disorders,
gastrointestinal disorders, skin diseases, respiratory ail-
ments, cardiovascular disorders, neurodegenerative dis-
cases, and lymphatic disorders. Essentially, any disease that
would benefit from the repeated injection of any drug or
drug combination with intermittent sterilization from non-
thermal plasma could benefit from the use of this device.

Adverting now to the drawings, FIG. 1 1s a perspective
view of patient 10 presenting with a melanoma tumor 12 on
skin surface 11 of his lower left arm. Patient 10 1s shown 1n
position to receive treatment from apparatus 100 for admin-
istering a cancer drug, or any other drug recommended for
a selected. In a preferred embodiment, apparatus 100 deliv-
ers a drug 1njection 1n the presence of non-thermal plasma.
It should be appreciated that a selected drug 1s store 1n a
reservoir that 1s fluidly connected to Apparatus 100. Appa-
ratus 100 1includes robotic positioning device 200. In a
preferred embodiment, the robotic positioming device 1s an
Epson T3 SCARA model, although it should be appreciated
that other robots can be used and programmed to perform the
necessary cancer treatments of the present invention.
Robotic positioning device 200 comprises drug delivery
head 120, which may be surface drug delivery head 210

(shown 1n FIGS. 4A, 4B, and 6A-6D). It should be appre-
ciated that internal 1injection drug delivery head 310 (shown
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in FIG. 12) 1s interchangeable with head 210 when treatment
if desired below the skin surface.

As described previously, FIG. 1 1s a perspective view of
patient 10 presenting with abnormal area 12 on skin surface
11. Robotic positioning device 200 1n a preferred embodi-
ment 1s an EPSON T3 SCARA robot, programmed via an
external robotic controller, discussed further infra, to posi-
tion drug delivery head 120 to the abnormal area 12 for
administration of combination drug non-thermal plasma
injection.

FIG. 2 1s a cross-sectional view of the human skin
presenting with a melanoma tumor. Abnormal area 12 is the
portion of melanoma tumor 16 that 1s visible on skin surtface
11. Melanoma tumor 16 can reach varying degrees of depth
within the skin depending on the grade of severity. FIG. 2
shows melanoma tumor 16 within epidermis 13 and pen-
ctrating dermis 14. Epidermis 13 1s the surface epithelium of
the skin, overlying dermis 14. Dermis 14 1s a thick layer of
tissue below epidermis 13 which forms the true skin, con-
tains blood capillaries, nerve endings, sweat glands, hair
follicles, and other structures. FIG. 2 shows melanoma
tumor 16 has not reached the deepest layer of the skin,
hypodermis 15. Hypodermis 15 1s also known as the sub-
cutancous layer or the superficial fascia and serves to
connect the skin to the underlying fascia or fibrous tissue of
the bones and muscles.

Robotic Positioning Device

FIG. 3 1s a perspective view of robotic positioning device
100. Robotic positioning device 100 may be any device
suitable to position delivery head 120 to required locations
that are specified for treatment based on commands deliv-
ered to robotic positioning device 100. It should be appre-
ciated that delivery head 120 could comprise surface deliv-
ery head 210 or internal (beneath the surface) delivery head
310, described infra. Commands are delivered remotely, and
preferably electromically. In the simplest embodiment,
robotic positioning device 100 may be a linear positioning
slide that 1s capable of moving delivery head 120 along a
single axis to various positions along that axis so that the
delivery head can provide at least drug and gas flow at that
position. In this case, after delivery head 120 has been
moved to a desired position, the delivery head may provide
a flow of drug and gas onto the surface requiring treatment
at that position. To 1nject a drug below the skin surface, the
surface would need to be raised up in this embodiment.
Alternatively, a second axis of movement can be added that
1s capable of lowering the delivery head 120, or at least a
drug delivery needle, for drug imjection below the surface.
Along these lines, one can envision numerous embodiments
where robotic positioning device 100 has three (3) or more,
axes ol position control, allowing greater control over the
position of delivery head 120, including the use of multi-axis
articulated robots as robotic position device 100, with more
axes allowing control over the angle of delivery head 120
with respect to the surface requiring treatment.

In some embodiments, robotic positioning device 100 1s
an articulated robot that has at least two-axis position
control, as 1s well known 1n the art of robotics. An articulated
robot may include numerous rotary joints as well as linear
positioning elements. Well known devices such as a ‘robotic
arm’ are included. Articulated robots include simple two
devices as well as devices that have more than eight inter-
acting joints. Articulated robots of the preferred embodi-
ments are powered by electric motors, but other means such
as hydraulics, pneumatics, and combinations thereol may
also be employed. The most important features of robotic
positioning device 100 include the number of control axes
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(which may also be referred to as the degrees of freedom
(DOM) and dictates the ability of robotic positioning device
100 to position delivery head 120 to a desired location, as
well as to a specific approach angle, etc.), reach (distance
from the robot base to the furthest point that treatment can
be delivered), coverage area (amount of area that can be
treated by the robot), accuracy (how close robotic position-
ing device 100 can achieve a pre-determined treatment
location), repeatability (variation in the location of delivery
head 120 from cycle-to-cycle, when attempting to reach the
same point), and the resolution (the smallest increment of
movement that the robotic positioning device 100 can move
or detect).

As shown in FIG. 3, mn a preferred embodiment, the
robotic positioning device 100 1s an Epson 4-axis SCARA
robot. Robotic positioning device 100 comprises robotic arm
110 that moves delivery head 120 about the X and Y-axis at
robotic controller 300. Motor housing 130 1s connected to
robotic arm 110 at the opposite end from robotic controller
300. The connection of motor housing 130 and robotic arm
110 rotationally positions motor housing 130 about the X
and Y-axis. Motor housing 130 comprises Z-axis shaft 220.
Z-axis shait 220 attaches to delivery head 120 at the distal
end and positions delivery head 120 vertically about the
Z-ax1s and provides rotational adjustments.

This robot includes on-board robot control electronics that
serves as the robotic controller. Robotic controller 300 1s an
integrated system that 1s programmable with the Epson robot
from an external computer running the software and con-
nected to the robot via a standard USB cable. The controller
stores the programmed data and handles execution of all
commands, including operation of each axis motor, sensing
and interpreting position data for each axis, and communi-
cation with the external equipment through built i mput/
output (I/0) connections. This I/O 1s not capable of deliv-
ering power to external equipment, as i1t 1s limited to
delivering and sensing voltage with little associated amper-
age. Therefore, 1n this embodiment, an external electronics
interface 1s included that contains relays to convert the robot
output signals to power outputs, as described below.

The EPSON T3 SCARA robot 1s controlled through
proprietary software, EPSON RC+7.0. This software 1s
downloaded onto a computer to control all aspects of the
robotic work cell. In the current embodiment 1t 1s operable
on Windows computers and can connect one computer with
multiple controllers. Some other key features include data-
base access and background tasking. The program also
contains options for the user such as an integrated vision
robot guidance system, a conveyor tracking option, and a
GUI builder option. These options are easily added to the
EPSON RC+7.0 program via a download. EPSON RC+7.0
has a relatively simplistic GUI with one main parent window
and multiple child windows that can be running simultane-
ously. The EPSON RC+7.0 software controls the robot
controller through a USB or FEthernet connection. With
EPSON RC+7.0, 1t 1s possible to develop application sofit-
ware for the SPEL+language that runs 1 the RC700 con-
troller. The RC700 Controller 1s used to control a series of
EPSON SCARA robots. This controller features a built-in
motion system that can control up to six axes simultane-
ously.

SPEL+ 1s a programming language that runs on the
RC700 Controller. This program 1s similar to the BASIC
computer software program. This language supports multi-
tasking as well as motion control and mput/output control.
SPEL+ programing includes variables, functions and macros
with every project containing a function named “main”. To
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define a function, vou start with a function statement and end
with a “Fend” statement. In order to properly call a function
a “call” statement 1s used.

The software and the controller, once connected, can be
used 1n a variety of different ways. A slave system can be
created with the PC cell slave and the controller PLC. The
program 1s developed with EPSON RC+7.0 and the object
code 1s then saved to the controller. Once saved, the con-
troller does not need to be connected to the computer. The
controller 1s then operated by a fieldbus or I/O. A standalone
system can be created to control the robot and the associated
equipment as the robot controller. An offline development
system can also be created.

This allows for the program edition and project build to be
checked at any time by the oflline PC. The EPSON RC+7.0
and the Controller can also be used in a simulation envi-
ronment. By using a virtual I/O, EPSON RC+7.0 can
execute a program without the actual 110 or robot.

It should be appreciated that any articulated robot, dis-
cussed supra, may be used to position the delivery head to
a treatment area.

Delivery Head

The delivery head i1s fixed to the end of the Epson robot
shaft and oriented to provide access to the integrated needle
to the treatment surface fixed below the delivery head. The
delivery head, when positioned, delivers a selected drug,
from a reservoir to a patient while administering non-
thermal plasma to the treatment surface during the injection.

FIGS. 4A and 4B 1llustrate surface delivery head 210. For
case 1n understanding, the surface delivery head has been
removed from the robot 1n this drawing. Base pusher 25 1s
located on the bottom of surface delivery head 210. This
piece of the assembly distributes pressure over the skin of
the patient while parts of the head are in a downward motion
to 1nitiate skin contact with a limit switch. Base pusher 235
contains slit 27 arranged for passage of needle 40 when
injecting a drug into the patient’s skin.

Needle mount 22 connects needle 40 and a pumping tube
(not pictured) to delivery head 20 to allow for the injections
to take place. In the center of needle mount 22, turn-tube
coupling 41 and hose fitting 42 (shown in FIG. 7) are
connected. Needle 40 1s pointed downwardly and attached to
turn-tube coupling 41 which 1s attached on the bottom end
of needle mount 22. At the top of needle mount 22, hose
fitting 42 (shown 1n FIG. 7) 1s connected. Hose fitting 42 {its
inside the inner diameter (ID) of flanged shaft collar 21
when the assembly 1s connected. Two through-bores 43, 44,
in the sides of needle mount 21 are used to fit two nylon
bushings 435 and nylon shoulder 23. Nylon bushings 45 fit
loosely 1nside the mside diameter of through-bores 43 and
44. Spring 48 1s located around shoulder screw 23 and does
not {it into through-bores 43 and 44 of needle mount 21. The
bottom of needle mount 22 stops spring 48 from traveling
towards the top of the assembly when 1t 1s being compressed
during operation.

Plasma head 30 connects to plasma head mount 31 with
screws. Plasma head 30, in combination with gas delivery
system 700, signal/function generator 560, plasma generator
500, and external electronics intertface 400 (FIG. 8, FIG. 10,
and FIG. 11) has the features necessary to create the desired
plasma for the system in operation and 1s discussed in
greater detail inira.

Switch bracket 28 i1s used to connect subminiature snap
acting switch 26 to needle mount 22. Switch bracket 28 is
connected to needle mount 22 with screws.

Plasma head mount 31 1s fixed to two slide guides 24 by
screws. Through-bores 45 1n plasma head 31 allow shoulder
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screw 23 and nylon bushings 45 to pass through but they do
not allow spring 48 to pass through. The top portion of
plasma head mount 31 stops spring 48 from traveling
towards the bottom of the assembly when 1t 1s compressed.
Plasma head mount 31 1s also a connection point for plasma
head 30, described 1n more detail below.

Slide guides 24 are located between plasma head mount
31 and base pusher 25 and fixed to both plasma head mount
31 and base pusher 25 with screws. Slide guides 24 allow the
shaft of shoulder screw 23 to pass through slide guide 24
while stopping nylon bushings 45 of the shoulder screws 23
from passing through.

Flanged shaft collar 21 1s located at the very top of
delivery head 210 with needle mount 22 directly below 1it.
Flanged shaft collar 21 1s used to connect to Z-axis shaft 220
with delivery head 210. The mner diameter of flanged shaft
collar 21 allows for Z-axis shaft 220 to {it in. Flanged shaft
collar 21 1s secured to Z-axis shaft 220 by tightening the
screws located at the top of flanged shaft collar 21 and
connected to the rest of delivery head 210 by shoulder
screws 23. Shoulder screws 25 are threaded into the bottom
of tlanged shait collar 21. The bottom of flanged shaft collar
25 acts as a stopper for nylon bushings 43.

Delivery head 210 1s used to combine robotic positioning,
device 100 with the pump and plasma system. Delivery head
210 1s used to distribute non-thermal plasma and the fluid to
the desired area on a patient. The functionality of delivery
head 210 can primarily be seen 1n the 1njection phase of the
process. As the program finds an 1njection site it begins to
lower delivery head 120 towards the treatment area. The first
point of contact between delivery head 210 and the patient
1s base pusher 25. Base pusher 25 1s connected by bolts to
slide guides 24. Shide guides 24 are connected to flanged
shaft collar 21 with needle mount 22, plasma head mount 31,
nylon bushings 45, and springs 48 in between. Shoulder
screw 23 extends through each of slide gmides 24 through
nylon bushings 45, through needle mount 22 to be threaded
into flanged shatt collar 21. Spring 48 1s located atop nylon
bushing 45. Once base pusher 25 contacts a treatment
surface 1t stops 1n place along with the attached slide guides
24. The rest of delivery head 210 continues downward,
compressing springs 48 until subminiature snap acting
switch 26 mounted on needle mount 22 via switch bracket
28, 1s contacted by plasma head mount 31 stopping the
downward motion in the program. This operation functions
to mitiate skin contact for the programming without needle
40, once skin contact 1s achieved, needle 40, fixedly secured
to quick turn tube coupling 41, 1s put into the patient skin.
Once a signal from this skin contact limit switch 1s sent to
the program, robot positioning device 200 and non-fixed
components of delivery head 210 continue in the Z-axis
direction, further compressing the springs until the injection
depth, determined by the variables of the program, has been
met. Once needle 40 depth 1s achieved, the pumping opera-
tion begins. After the pumping program 1s completed, robot
positioning device 200 moves Z-axis shaft 220 upwards,
removing needle 40 from abnormal area 12 and decompress-
ing springs 48 in delivery head 210.

Adverting now to FIGS. 6A-6D. FIG. 6A 1s a perspective
view generally showing plasma head 30 without the plasma
clectrode and additional components. FIG. 6B 1s a perspec-
tive view of plasma head 30 of the mvention with plasma
clectrode 540, gas tubing connector 408, BNC (Bayonet
Neill—Concelman) connector 406, and electrode mounting,
screws 404a-404;. FIG. 6C 1s a sectional view of plasma
head 30 shown 1n FIG. 6A, cut along line 6C-6C. FIG. 6D

1s a sectional view of plasma head 30 shown 1n FIG. 6B, cut
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along line 6D-6D, without gas tubing connector 408, BNC
connector 406, and clectrode mounting screws 404a-404;.
Plasma head 30 generally comprises three parts: plasma
head main body 401, upper electrode coupler 402 and
tapered delivery port 403 that have inner through-bores 409,
410, and 411, respectively. In a preferred embodiment,
plasma head main body 401, upper electrode coupler 402,
and tapered delivery port 403 are a singular fixed piece,
although they may be comprised of separate components.
Plasma head main body 401 has two threaded mounting
tubes, 31¢ and 314 that are fixed to main body 401. Threaded
mounting tubes, 31¢ and 314 that are arranged to threadably
attach plasma head 30 to plasma head mount 31 through-
bores, 31a and 31)6 (shown 1n FIG. 7). Plasma head main
body 401 also comprises wire connector aperture 404, gas
tube connector aperture 405, and electrode mounting screw
aperture 402i. Upper electrode coupler 402 1s a hollow
cylinder that comprises a plurality of electrode mounting
screw apertures, 402a, 40256, 402¢, 4024, 402¢, 4027, 402¢,
and 402/ that are arranged to accept a plurality of electrode
mounting screws. Upper electrode coupler 402 and plasma
head main body 401 each comprise upper electrode aperture
409 (FIGS. 6C and 6D). Upper electrode aperture 409
(FIGS. 6C and 6D) transitions nto lower electrode aperture
410 at aperture transition 411 within plasma head main body
401 and tapered delivery port 403.

FIG. 6B 1s a perspective view generally showing plasma
head 30 with plasma electrode 540 and additional compo-
nents, discussed herebelow. Plasma electrode 540 1s 1n a
preferred embodiment 1s made of tungsten, however any
metal that 1s suitable to sustain the necessary plasma plume
may be used. Electrode 540 1s mserted into upper electrode
through-bore 409 and lower electrode through-bore 410 at
the top opening of upper electrode coupler 402, passing
through plasma head main body 401 and tapered delivery
port 403. To secure eclectrode 540 within plasma head 30
plurality of mounting screws 404a, 4045, 404c, 404d, 404,
4041, 4042, 404/, and 404, are tightened around the body of
clectrode 540. Plurality of mounting screws 404a, 4045,
404c, 404d, 404¢, 4041, 4042, 404/, and 404:, allow elec-
trode 540 to be finely adjusted to ensure it 1s centered within
upper electrode through-bore 409 and lower electrode
through-bore 410. Upper electrode through-bore 409 and
lower electrode through-bore 410 ftransition at middle
through-bore 411. Electrode 540 1n a preferred embodiment,
1s terminated approximately 1 mm within lower electrode
through-bore 410 1n tapered delivery port 403. BNC con-
nector 406 1s threadably secured to wire connector aperture
404. BNC connector 406 comprises secondary winding 532
that lead from kHz frequency transformer 3530 (FIG. 8).
BNC connector 406 contacts electrode 540, energizing elec-
trode 540 via transformer 530 (FIG. 8).

It should be appreciated that BNC connector 406 1s not the
only way to connect secondary winding 532 to electrode
540. One of plurality of mounting screws 404a, 4045, 404c,
404d, 404¢, 404/, 4042, 404/, and 404; may be connected to
secondary winding 332, as their contact with electrode 540
will still energize electrode 540. Electrode 540 may also be
energized by clamping an alligator clip that 1s connected to
secondary winding 3532 to the top end of electrode 540 that
1s protruding from upper electrode coupler 402.

In order to deliver a gas to be energized by BNC con-
nector 406 and electrode 540, gas tubing connector 408 1s
threaded into gas tube connector aperture 405. The con-
trolled flow of helium 1s delivered to gas tubing connector
408 gas tubing 754 from gas delivery system 700 (FIG. 11).

(Gas tube connector aperture 405 directs the flow of helium
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into lower electrode through-bore 410 by way of through-
bore 4054 and helium 1s directed over and around electrode
540. When the directed helium flows on and around elec-
trode 540 1t then flows out of tapered delivery port 403 as
energized plasma.

Electrode 540 further comprises tip 541 that is preferably
cut to produce 45° angle 542. Although tip 541 of electrode
540 may be cut at diflerent angles, the resulting 45° angle
542 and termination of tip 341 at the preferable 1mm
distance from the distal end of tapered delivery port 403,
produces an optimal and consistent plasma plume to encap-
sulate needle 40 (FIGS. 4A and 4B). Although an optimal
and consistent plasma plume 1s created the claims contem-
plate the adjustment of the plume to account for external
changes that could be expected from extensive operation.

Plasma head 30 1s mounted onto delivery head 210 1n such
a way as to deliver the energized plasma to a predetermined
location, discussed supra. For example, the flow of ener-
gized plasma 1s directed to impinge the end of the needle 40
such that it sterilizes needle 40 (FIGS. 4A and 4B) and
provides energized plasma to the skin near the site of
injections.

Adverting now to FIG. 11, FIG. 11 illustrates a block
diagram representing the key components of the robotic
system 1ncluding a robotic positioning device 200, internal
robotic controller 300, external electronics interface 400,
plasma generator 500, signal/function generator 560, gas
delivery system 700, gas supply 750, plasma head 30 and
delivery head 121 that includes syringe pump 600.

External electronics interface 400 includes components to
support the operation of the system, including electronic
relays that receive control signals from the robotic controller
300 to facilitate operation of the entire system. For example,
in a prelerred embodiment with the Epson 4-axis Scara
robot, the 110 of the integrated robot controller 300 1s
limited to signal generation and detection, and external
relays must be used to generate power for system compo-
nents desired to be controlled automatically through the
robot program. For example, the Epson controller may be
programmed to turn on a laser diode used to align the
delivery head at certain points during the system operation.
To accomplish this, the Espon controller 1s programmed to
turn an output pin to a high state (nominally 24 volts direct
current) which 1s not capable of driving the laser diode
directly. Therefore, this pin 1s wired to drive the gate of a
transistor, relay, or other solid-state device, which, 1n turn,
powers the laser diode when the designated drive pin 1s set
to high. As 1s well known 1n the art of electronics, a low state
may also be used to switch the laser diode on depending on
the type of solid-state device used. In a similar manner,
inputs on the robot controller may be linked through external
relays located within the external electronics interface. Items
that may be linked through the external electronics interface
include the state and/or relative location of the treatment
surface detection sensors with respect to the treatment
surface, switching on and off of the drug delivery pump or
other equipment, sensing the state (on, ofl, error, etc.) of the
drug delivery pump or other equipment, switching on and oif
and/or sensing the state (on, ofl, error, etc.) of various
components within the plasma generator system and/or gas
supply system, emergency needle retraction button, emer-
gency ofl button, and/or any other equipment useful during
the operation of the treatment device.

Syringe pump 600 1s an automated and programmable
device known 1n the art that comprises a drug reservoir and
drug tubing 601. Pump 600 1s a programable pump that
allows a user to select a dosage amount of a loaded drug into
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the drug reservorr. In a preferred embodiment, pump 600 1s
a World Precision Instruments ALADDIN-1000 syringe
pump, although any commerical syringe pump that 1s auto-
mated and programmable may be used. Drug tubing 601
connects pump 600 to either surface drug delivery head 210
or internal injection drug delivery head 310. Drug tubing
601 1s connected to turn-tube coupling 41 and specifically
hose fitting 42 of surface drug delivery head 210. Alterna-
tively, drug tubing 601 transitions to drug delivery tube 331
where 1t meets Luer lock hose fitting 332a of internal
injection drug delivery head 310.

Plasma generator 500 1s designed to produce a low-
temperature plasma and/or low-energy plasma, and 1n cer-
tain cases may be designed to specifically produce a non-
thermal plasma (NTP), that 1s defined in a preferred
embodiment by a gas 1oni1zing flow that has less than 1 watt
of coupled power. However, a gas 1onizing flow that has less
than 1 watt 1s only one definition of a low-temperature
plasma and/or low-energy plasma and the present invention
may used, such as plasmas defined at different watts of
coupled power greater than 1 watt. The plasma 1s generated
by flowing a suitable gas stream over an electrode that 1s
operating at high voltage and high frequencies. In a pre-
terred embodiment, a gas stream utilizing helium 1s used.
However 1n alternative embodiments, neon, and other gases,
or gas mixtures may be used to achieve a desired plasma
stream.

The ROS/RNS most readily detected 1n cell culture media
treated with plasma are hydrogen peroxide (H,O, ), hydroxyl
radical (COH), singlet oxygen ('0O.,), superoxide radical
(O, 7), nitric oxide (NO") and nitrite/nitrate anions (NO,/
NO,;). ROS and RNS are regarded as the key substances in
NTP that affect cell responses. Relatively short-lived ROS or
RNS produced 1n media by NTP 1rradiation may be con-
verted to other relatively long-lived species such as H,O,, or
nitrate/nitrite (NOX), respectively, which promote high and
sustainable reactivity.

FIG. 11 shows plasma generator 500 which includes
several components, discussed 1n view of FIG. 8 inira, as
well as gas delivery system 700. In other embodiments, a
commercial plasma generator may be used such as a 13.5
MHz plasma system.

In some embodiments, signal/function generator 560 1s
capable of generating a periodic wave, preferably in the
range of 50 kHz to 500 kHz, at an amplitude sutlicient to
properly control electronic amplifier 515 (FIG. 8) of the
control circuitry and be 1n the form of a sine wave, square
wave, or other periodic wave. The specific frequency used to
generate a plasma depends on various factors, including
transformer design, circuitry, wire length, presence of
optional measurement equipment and overall system con-
figuration. The drive frequency 1s set to match the resonant
frequency of the system, and may be adjusted during opera-
tion to adjust for changes in this resonant frequency due to
temperature, humidity, and other factors that may impact the
system’s resonant frequency. The output from function
generator 310 (FIG. 8) 1s delivered on the device via a
standard 2-lead BNC connector to the control circuitry.

In other embodiments, other frequencies may be used,
including frequencies in the mega-hertz range. The most
important aspect of the plasma generation 1s the creation of
radicals within the gas stream in and beyond the plasma
zone.

Referring to FIG. 8, plasma generator 500 and signal/
function generator 560 are powered by DC power supply
520. Negative lead 521 of power supply 520 1s connected to
signal/function generator 560 and electronic amplifier 315.
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Positive lead 511 of signal/function generator 560 1s con-
nected to gate 513 of electronic amplifier 513. The output of
clectronic amplifier 515 1s connected to kHz frequency
transformer 330 at first primary winding 531. Secondary
winding 532 provides the high frequency signal to electrode
540 to produce the plasma. In a preferred embodiment,
clectronic amplifier 515 1s an N-Channel MOSFET part
number IRF340NPBF made by Infineon Technologies, and
1s preferably mounted on a heat sink and cooled by forced
air from a fan suilicient to maintain the maximum tempera-
ture of the MOSFET below 175 degrees Celstus and more
preferably below 125° C.

Adverting back to FIG. 11, gas delivery system 700
includes gas supply tank 750, pressure regulator 751, gas
flow control valve 752, gas tlow meter 753, and gas delivery
tubing 754. Gas 1s supplied by pressurized gas supply tank
750 to gas tubing 754 which delivers gas to gas flow control
valve 752 followed by gas flow meter 753. Gas delivery
tubing 754 1s used to deliver the controlled and metered gas
flow to the electrode-gas delivery fitting 408 of delivery
head 30 or to Yor-Lok fitting 321 of internal injection
delivery head 310. In a preferred embodiment, the gas
control valve and gas flow meter are combined into a single
device such as a thermal mass flow meter; using a thermal
mass flow meter allows the tlow to be controlled externally
and such control interface may be included in the external
clectronics intertace. Optionally, gas delivery system 700
may include multiple pressurized supply tanks, each with a
pressure regulator, a gas flow control valve, a gas flow meter,
such that the composition of the gas delivered to the elec-
trode-gas delivery fitting can be a predetermined mixture of
gases. Alternatively, gas supply vendors can prepare a gas
mixture and deliver such mixture 1n a single tank; although
convenient, this approach does not allow for adjustment to
be made to the composition during operation, 1t required.
However, if a specific gas mixture 1s desired for use, this
approach allows convenient use of a single tank of gas that
may be supplied with proprietary connections allowing a
means to ensure proper, company controlled, gases are used
with the device.

Plasma generator 500 may optionally include an oscillo-
scope to monitor the voltage of the control circuitry on the
transformer primary wiring and/or on the transformer sec-
ondary wiring. If monitoring on the transformer secondary
wiring, the oscilloscope must be rated for high voltage or
include an optional high voltage probe.

Referring to FIG. 8, in a preferred embodiment, high
frequency transformer 530 1s a resonating high frequency
transiformer. A resonating type transformer enables the cre-
ation of higher voltages on the secondary winding for a
given primary voltage than that possible from a non-reso-
nating transformer of the same turns ratio. A resonating
transformer allows simple low-voltage electronics to be used
to supply the primary coil on a transformer that has a
relatively low turns ratio, vet still achieve voltages suflicient
to create plasmas through a single electrode. Further, due to
the required frequency range on the order of 100 kHz to
create the plasmas herein, traditionally designed and oper-
ating transformers may not be feasible because they simply
cannot respond to the mput frequencies; the transformer core
may become saturated and the voltage signal on the sec-
ondary winding (532) are not matched to those delivered to
the primary windings (331).

One of secondary wiring leads 532 1s connected to
clectrode 540 of plasma head 30 or to electrode 320 of
internal 1njection delivery head 310 and the second of
secondary winding leads 532 is left unconnected or con-
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nected to termination block 5350, or an ungrounded metal
body located near plasma head 30 or internal i1njection
delivery head 310.

In a preferred embodiment, a commercial neon-sign
power supply 1s used and comprises transformer 330 as well
as the control electronics comprising plasma generator 500.
To yield the maximum voltage output, the proper frequency
must be obtained for transformer 530 to achieve resonance.

In a preferred embodiment, transformer 530 1s an 8-inch
long by 1-inch diameter transformer core manufactured by
Ceramic Magnetics, Inc. (CMI) of Bethlehem, Pennsylva-
nia. The core 1s made from CMI’s CMD3005 matenal,
which 1s a high permeability nickel zinc ferrite.

FIG. 12 illustrates internal 1njection delivery head 310 1n
a side view 1n the assembled configuration (FIG. 12) and
exploded configuration (FIG. 13). Components that can be
seen 1n these views include flanged shaft collar 316 which
serves to connect the head assembly to a robot shaft, not
shown, for use 1n an operational system. Top stabilization
disc 311 connects to the flanged shaft collar 316 by means
of screws or other means. Four rounded head slotted
machine screws 313 are inserted 1nto top stabilization disc
311 and together serve as the primary fixture rail of the
overall assembly. Disc spacers 314 {it over each of rounded
head slotted machine screw 314 prior to the insertion of the
middle stabilization disc 312 to create a space between top
stabilization disk 311 and middle stabilization disk 312 to
provide room for Yor-Lok fitting 321 which 1s installed onto
middle stabilization disc 312. Tungsten electrode 320 1s
inserted into a through-port of Yor-Lok Fitting 321 and fixed
by means of a sealing cap and a ferrule. A quartz center
cylinder 322 i1s aligned with middle stabilization disc 312
prior to fastening each of rounded head slotted machine
screw 315 into bottom stabilization disc 313 such that quartz
center cylinder 322 i1s fixed 1n place between middle stabi-
lization disc 312 and bottom stabilization disc 313. Gaskets
may be used between quartz center cylinder 322 and one or
both of the mating stabilizations discs, 312 and/or 313, n
order to make or improve the gas-tight seals of the mating
surfaces. Plasma injection needle 324 1s installed onto the
end of bottom stabilization disc 313 by means of adapter
fitting 323, which 1n a preferred embodiment 1s a Luer lock
hose fitting, which mates and seals to bottom stabilization
disc 313 by means of an internal mating thread and rubber
O-ring 325. With this assembly, plasma gas may be intro-
duced 1nto the side port of the Yor-Lok fitting 321 and forced
out through the tip of plasma injection needle 324 without
leakage to the outside atmosphere. Drug injection needle
333 15 also installed onto the end of bottom stabilization disc
313 by means of adapter fitting 332, which, 1n a preferred
embodiment, 1s a Quick Turn Tube Coupling, which secures
needle 333 to bottom stabilization disc 313 and still allows
a drug delivery tube to be connected to the opposing end of
adapter 332.

Referring now to FIGS. 14A and 14B, the needle section
of the dual-needle robot 1injector head 1s illustrated 1n a side
perspective view 1n the exploded configuration (FIG. 14A)
and assembled configuration (FIG. 14B). Bottom stabiliza-
tion disc 313 attaches plasma generating section 31056 to
needle mjection tip section 310c¢ of dual-needle robot 1njec-
tor head 310. There 1s a 0.1-inch diameter hole cut through
the center of bottom stabilization disc 313. On the side of
bottom stabilization disc 313 facing quick turn tube coupling
323, the hole 1s 10-32 threaded and attached to quick turn
tube coupling 323. Quick turn tube coupling 323 1s a
stainless-steel quick turn tube coupling for air. Rubber
O-ring 323 1s an O-ring located between bottom stabilization
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disc 313 and quick turn tube coupling 323. Plasma injection
needle 324 flat tip 324a (FIG. 14A) 1n a preferred embodi-
ment 1s a 2-inch stainless-steel dispensing needle with a
28-gauge blunt flat tip, which 1s attached by luer lock
coupling 3245 (FIG. 14A) to quick turn tube coupling 323.
Aperture 333¢ (FIG. 14A) 1s located on bottom stabilization
disc 313, 0.75 1n. from the center with a thread of 10-24 in
a preferred embodiment. Aperture 333¢ (FIG. 14A) 1s used
to connect adapter fitting 332 to bottom stabilization disk
313. Adapter fitting 332 1s then connected to drug 1njection
needle 333. drug injection needle 333 comprises needle
333a (FIG. 14A) and luer lock house fitting 3335 (FIG. 14A)
that 1s arranged to seal into adapter fitting 332. O-ring 334
1s located between adapter fitting 332 and bottom stabiliza-
tion disc 313. Adapter fitting 332 includes Luer lock hose
fitting 332a (FIG. 14A) arranged to attach to drug delivery
tube 331.

Referring now to FIGS. 15A and 15B, the robot attach-
ment section ol the dual-needle robot imjector head 1s
illustrated 1n a side perspective view in the exploded con-
figuration (FIG. 15A) and assembled configuration (FIG.
15B). Top stabilization disc 311 is used to attach robotic
attachment section 310a to plasma generating section 3105.
Rounded head slotted machine screws 3135 are preferably
6-inch long, stainless-steel screws, that run from top stabi-
lization disc 311 through spacers 314 (FIGS. 12 and 13) and
through middle stabilization disc 312 until they terminate at
bottom stabilization disc 313. Rounded head slotted
machine screws 315 are inserted through holes 3135a, 3155,
315¢, and 3154 of top stabilization disc 311, respectively.
Flanged shaift collar 316 attaches to top stabilization disc 311
using button head socket cap screws 318 that are preferably
placed 180° apart at apertures 318a and 3185 and threadably
secured to threaded apertures 318¢ and 3184 of top stabili-
zation disc 311.

Referring now to FIGS. 16A and 16B, plasma generating,
section 3105 of dual-needle robot injector head 310 1s
illustrated 1n a perspective view 1n the exploded configura-
tion (FIG. 16A) and assembled configuration (FIG. 16B). In
the center of section 3105 1s quartz center cylinder 322,
which, in a preferred embodiment, 1s a quartz cylinder
2-inches 1n length and having an mner diameter of 0.1-inch
and outer diameter of 0.25-inch. Silicon gasket 326, n a
preferred embodiment, 1s a square 0.3 inches 1n length, high
temperature super-soit silicone rubber sheet with 0.1-inch
diameter apertures cut out of the center to match the mner
diameter ol quartz center cylinder 322. Silicon gaskets 326
are located on both ends of quartz center cylinder 322 (also
shown 1n FIG. 12), with the center apertures lined up. Quartz
center cylinder 322 is located between middle stabilization
disc 312 on 1ts top end and bottom stabilization disc 313 on
its bottom end. Middle stabilization disc 312 and bottom
stabilization disc 313, 1n a preferred embodiment are chemi-
cal resistant slippery PIFE (Polytetrafluoroethylene) Discs
(8596K113) that are %2 inch thick discs with 2 1n diameters.
Both middle stabilization disc 312 and bottom stabilization
disc 313 contain four (4) holes (315¢-313/) that are prefer-
ably placed 0.7 inches from the center of the disc and spaced
90° apart. Bottom stabilization disc 313 holes 315i, 315/,
3154, 315/ are preferably 0.190 inches in diameter and
#10-24 threaded. Middle stabilization disc 312 contains four
(4) holes 315¢, 315/, 315g, 315/, which are non-threaded
and preferably 0.190 1inches 1n diameter. Middle stabilization
disc aperture 312a 1s s NPT threaded, on the side facing
321. Middle stabilization disc 312 is attached to Yor-Lok
copper tubing fitting 321 and 1s preferably configured to
accept 4th inch tubing (5272k156). Tungsten electrode 320,
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in a preferred embodiment, 1s 3-inches in length with a
diameter of Visth inch. Tungsten electrode 320 feeds through
Yor-Lok copper tubing fitting 321 until it 1s located 1n the
center of the length of quartz center cylinder 322.

The plasma generating electronics 1n the dual-head design
will be the same as described under Plasma Start-Up and
Optimization, infra. The plasma 1s formed 1 a slightly
different mode, however. In this design, the plasma 1is
formed 1nside of quartz center cylinder 322 and then deliv-
cered to the patient through plasma injection needle 324.
Operating characteristics of the electronics are similar to
what has been provided, except for the gas flow rates. In this
embodiment, the gas flow rates will depend 1n large part on
the diameter of plasma 1njection needle 324, presently 1n a
preferred embodiment, flow rates are 0.1 Liters Per Minute.

The primary operating difference between dual-needle
robot 1njector head 310 and delivery head 210, described
supra, 1s dual-needle robot mjector head 310 1s intended to
be used 1nside of a cavity, e.g., the cranium, to deliver a drug
and plasma separately, opposed to delivery head 210, which
delivers a drug and plasma simultaneously. For dual-needle
robot injector head 310, operation would use robotic posi-
tioning device 200 to position needles 333 and 324 at the
desired location within a desired cavity, e.g., the crantum of
a patient, at which point a drug would be delivered 1n the
specified dosage over a specified period of time. The deliv-
ery of drug to needle 333 would be accomplished 1n the
same way as described supra—a syringe pump or other
pump that 1s electronically connected and controlled by the
robotic control system and the drug tubing from the pump
connected to the drug needle as described supra.

After the drug has been delivered as specified, robotic
positioning device 200 would extract needle 333 from a
patient and then adjust the position of dual-needle robot
injector head 310 by rotating and/or moving Z-axis shait 220
such that the tip of plasma injection needle 324 1s now
positioned for treatment. At this time the plasma would
either be continuously runming and deliver a treatment by
controlling gas tlow, power, gas composition, or other prop-
erties as specified by the treatment plan. Alternatively, the
plasma system can be switched on after the tip of plasma
injection needle 324 1s 1n or near the treatment position, or
a combination thereof. For example, a continuous low power
mode may be running to keep the system 1n an operating
state, and then full power, gas flow, and other characteristics
of the plasma are switched on until the treatment 1s com-
plete.

At this point, after one treatment cycle of drug and plasma
has been completed, the robotic system would repeat with
another cycle at the next treatment position, which may be
some predetermined distance away from the previously
completely treatment. For example, a treatment cycle may
be desired to be performed every micro-meter, millimeter,
centimeter, 1n distance in the horizontal direction and the
same distance or other distance in the vertical direction.
Further, various treatment along the depth of the treatment
area may be provided as well.

Plasma Start-Up and Optimization

Prior to starting treatment, the plasma system 1s energized
and signal frequency 1s adjusted until the maximum power
1s established. First, DC power supply 520 (FIG. 8) 1s
energized and adjusted to the desired output voltage. As
described supra, this output voltage 1s supplied to one lead
on primary winding 531 of high frequency transtormer 530
and will affect the output voltage of the transformer on
secondary winding 332.
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In another embodiment, the control circuitry may include
an auto-tuning feature that continually adjusts the frequency
ted into the electromic amplifier and thus the resulting signal
delivered to the primary side of the high frequency trans-
former. This control technique may use one or more of the
tollowing as means to target control of the output frequency:
the voltage of the secondary side of the transformer, a signal
created by an antenna that 1s mounted near the high fre-
quency transformer, an optical sensor device that detects the
output of light generated by the plasma. Auto-tuming 1is
accomplished through a microprocessor that includes a
feature to measure the feedback such as signal strength from
an optical detector. The tuning algorithm will adjust the
frequency output and then determine 1f the measured signal
strength goes up/down etc.

Robot Operation

The robot 1s controlled though a predesigned code 1nclud-
ing a set of variables that can be modified by the operator.
These variables make the system easily customizable for the
operator by simply changing the numeric values associated
with the varniable.

The variables that can be changed 1n this programming
include; Speed, Acceleration. Operation Speed, Needleln;
Speed, ApproachContactDepth, InjDepth, XChange,
YChange, and InjPoints. The description of each of these
variables 1s as follows:

“Speed” variable can be defined as the baseline running,
speed of the robot for manual adjustments of the robot
while the program is not running.

“Acceleration” variable can be seen as the baseline accel-
cration of the robot, for manual adjustments of the
robot while the program 1s not running.

“OperationSpeed” Variable 1s the baseline running speed
of the robot, unless specifically defined/adjusted and
defines the running speed of the robot while the pro-
gram 1s running, defined in mm/s.

“Needleln) Speed” variable defines the speed at which the
needle 1s 1njected into the patient 1in mmy/s.

“ApproachContactDepth” Variable defines the maximum
distance the robot will travel 1n downward toward and
into the treatment area prior to thpping the skin/surface
contact switch (e.g., sensor indication that the needle
has reached the treatment surface). This serves as a
safety function, and may be tied to an error code
“ContactError” to the program thus stopping the pro-
gram.

“ImiDepth” Vanable defines the depth the needle waill
penetrate below the surface/skin after tlipping the skin/
surface contact switch.

“XChange” Vaniable defines the distance between 1njec-
tion points along a first axis of the treatment surface, in
mm.

“YChange” Vanable defines the distance between injec-
tion points along a second axis of the treatment surface,
1n mm.

“InjPoints” Varniable 1s the number of injections desired
for the treatment.

Details used for the above example include:

Treatment: skin treatment (s1ize XXX cm by XXX cm)

Target 1injection depth: XXX mm

Horizontal Spacing between injection sites: XXX mm

Vertical Spacing between injection sites: XXX mm
Injected Drug: Saline

Quantity of drug per mjection: 5.8 mL

Total number of mjections: XXX

Total quantity of drug injected: XXX mL
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Note that the term “XXX” 1n the description above
indicates user input variables.

Adverting back to the figures, FIG. 9 illustrates the
Program Operation followed by the robot. Program Opera-
tion 1000 1s defined by Start Sequence 1010 and Treatment
Loop 1020. To begin a treatment, an operator first deter-
mines the size of the treatment areca and inputs for the
variables described above. Start Sequence 1010 begins at
Injection Program Startup 1011 by the user entering each of
the determined variables into the code at Insert Variables
1012. Once completed, the system begins with Press Com-
puter Start 1013 by pressing a predetermined keystroke
computer mterface/keyboard. Robot to Home Position 1014
will move the robot to the set home point found within the
program. Once the robot 1s 1n the home position the user will
align the treatment area with the robot’s starting point laser
or other optical sensor at Align Treatment Area 1015. Press
Patient Start Button 1016 will execute the program by the
operator depressing a start button. The program will begin to
execute and the robot then moves the head to each treatment
position as defined by the variables described above and
executes a set of commands 1n Treatment Loop 1020.

The follow commands are Treatment Loop 1020. Needle
Plunges to Skin Surface 1021 1s the first step and plunges the
head and needle toward the skin surface; while plunging
(Needle Plunges to Skin Surface 1021 1s defined herein as
the z-axis) a sensor switch 1s looking for skin contact. The
head will continue to descend in the Z direction until a limit
switch 1s activated by Skin Surface Contact Reached 1022 or
until the “AproachContactDepth” Variable 1s met and Con-
tact Error 1060 code 1s sent (signaling that the predefined
satety plunge depth has been reached). If Contact Error 1060
does not make contact with the skin surface, Contact Error
Flashed 1061 will return the robot to Robot to Home
Position 1014. I1 the limait switch 1s tripped at Skin Surface
Contact Reached 1022, indicating that the treatment surface
has been reached, the subsequent point location 1s stored in
the robotic coordinate system and the program then contin-
ues to Needle Inject into Skin 1023 where the delivery head
plunges downward to inject the needle. The needle 1s
plunged down to a distance and at a speed determined by the
variables “NeedlelnjSpeed” and “InjDepth,” respectively.
After the injection depth has been achueved, Pump Program
Start 1024 sends a signal to the pump to begin delivering a
predetermined amount of drug. The syringe pump employed
here allows the user to define certain drug delivery param-
cters such as tlow rate and total volume of liquid dispensed.
If there 1s an error with the pumping sequence, Pump Error
1080 will stop the program and remove the needle while
flashing the error code: “PumpFError,” and Pump Error Flash
1081 will return the robot to Robot to Home Position 1014.
If no error 1s detected, the pumping program ends (Pump
Program End 10235), the needle 1s removed, (Extract Needle
1026), and the program checks to see if Another Injection
1030 i1s required. Another Injection 1030 1s based on the
number associated with the “InjPoints” variable. If another
injection 1s needed, YES 10335 of Another Injection 1030, the
head moves to Move to Next Injection Location 1040 and
proceeds through Treatment Loop 1020 until the program
has been run for the desired amount of injections. Once all

of the “InjPoints” variables have been satisfied, NO 1050 of

Another Injection 1030 will advance to Complete Go to
Home Position 1014 to conclude the desired injection pro-
cedure.
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External Control Interface

Referring now to FIG. 10, (External Electronics), a block
diagram of electronic components used to support the sys-
tem operation 1s shown. The 18V supply 801 provides power
to start switch 802, skin contact switch 803, and to pumping,
system 804. The 5V variable voltage supply delivers power

to SV relay 803 that 1s used to trigger pump system 804 on
and ofl

The EPSON Inputs 806 are shown through pins 7, 8,9, 19

(inputs 10, 12, 14, common 8-15 accordingly). Input 10 1s
connected to start switch 802. Input 12 1s connected to
terminal 1 of 5V relay 805 to turn on pump system 804.

Input 14 1s connected to skin contact limit switch 803
located on the delivery head 120 and 220. Pin 19 15 a

common terminal for the stated inputs. Pin 19 1s connected

to the ground of 18V supply 801 as well as to the ground of

12V relay 807.

EPSON Output 808 used 1n this system 1s Output 8 (pin
6). This output 1s connected to Pin 1 of the 12V relay 807 to
trigger the pump operation through a computer command.
The other output pin used is the common which is tied to the
negative terminal of start switch 802 and skin contact limit
switch 803 well as terminal 2 of 5V relay 805.

SV relay 803 1n use has 5 significant points of connection
with the rest of the system. As previously stated, Terminal 1
1s connected to EPSON Inputs 806 pin 8 and Pin 2 1s
connected to EPSON Output 808 common. Pump 804 gets
its power through a vanable voltage source SVDC 809. IN1
1s connected to the external pumping device pin 7 of pump
804 to control pump operation. The final terminal 1s a ground
that 1s shared with the SVDC 809 source as well as the
ground of the pumping system pin 9 of pump 804.

12V relay 807 has 4 significant points of connection with
the rest of the system. As previously stated, terminal 1 of
relay 807 1s connected to EPSON Output 808 pin 8 to trigger
pumping system 804 with a computer command. Terminal 2
of relay 807 1s connected to the operational trigger, pin2, of
pumping system 804. Terminal 3 of rely 807 1s connected to
the shared ground of 5V 809. Terminal 4 of rely 807 1s
connected to the common of EPSON Inputs 806.

Pumping system 804 has four connection points. The first
connection, pin 1 of pumping system 804 1s from 18V
supply 801. Pins 2 and 7 of pumping system 804 are used as
a communication to the computer through a TTL I/O (tran-
sistor-transistor logic). Pin 2 of pumping system 804 1s used
as an operational trigger of a start button for pumping system
804. Pin 7 of pumping system 804 is used to control the
pump operation. Pin 9 of pumping system 804 1s the ground
of pumping system 804 which is shared with the ground of
the 18V supply.

Plasma Generation and Delivery of Plasma

Low temperature plasma was generated and delivered to
the robot head and directed to flow over the needle at the site
of injection. The following equipment, operating conditions,
and supplies were used to generate the plasma:

Signal generator: Siglent Model SDG1025 Function Gen-
erator

Sine wave+/—10 VDC

Electronic amplifier: IRF540NPBF MOSFET mounted on
air cooled heat sink

Temperature maintained below 125 deg. C
DC Power supply: Mastech Model HY3030E DC power

supply
DC supply voltage: 12 volts
Gas supply tank: Praxair high-purity helium, 99.999%

mimmum purity
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Transformer core: CMDS5005 from Ceramic Magnetics,
Inc., size: 8-inch long by 1-inch diameter

Wire: Enamel Coated 30 Gauge wire

Winding: 5 turns primary/400 turns secondary

Diverting back to FIG. 8, to generate plasma, a sine wave
signal of 203.4 kHz 1s delivered to gate 513 of electronic
amplifier 515, which 1s further connected to one of lead on
primary side winding 531 of transformer 530. The other lead
of the primary side winding 531 1s connected to positive lead
522 on the DC power supply 520. A common terminal 1s
created and connected to the second terminal from signal/
function generator 560, negative lead 521 of DC power
supply 520, and the ground connection of electronic ampli-
fier 515. A high current limait 1s set on DC power supply 520
to limit this circuity to drive 1.5 amps through primary
winding 331 of transformer 530.

Secondary windings 532 on transformer 530 produce
approximately 2 kV when measured with a 1 kV oscillo-
scope probe. This voltage 1s significantly higher than the
voltage expected simply from the multiplication expected by
the 5:400 transformer turns ratio. The sine wave signal 1s
adjusted to a resonant frequency that increase the output
voltage. One of the leads from secondary winding 532 1s
connected to electrode 540 of plasma head 30 (describe
more below) and the second lead from secondary windings
532 1s terminated onto electrically-isolated termination
block 550, that 1s preferably a metal block approximately 30
cm from plasma head 30. Alternatively, one of the leads
from secondary winding 532 may be connected to tungsten
clectrode 320 of internal 1njection head 310 and the second
lead from secondary windings 532 1s terminated onto elec-
trically-1solated termination block 550.

High purity helium 1s supplied by pressurized tank 750
and delivered by gas supply tubing 754 to control valve 752
and then through flow meter 733 (FIG. 11). Control valve
752 1s adjusted to deliver approximately 6.5 standard liters
of helium per minute (gas a 20 C and 1 atmosphere pres-
sure). This gas 1s delivered to plasma head 30, which 1s
mounted to delivery head 210 (FIGS. 4A and 4B) fixed to the
z-ax1s shaft 220 of robotic positioning device 100. Alterna-
tively, gas may be delivered to internal 1njection head 310,

through gas supply tubing 754 to Yor-Lok fitting 321 (FIG.

12).
Reference Numbers
10 patient
11 skin surface
12 abnormal area
13 epidermis
14  dermus
15 hypodermis
16 melanoma tumor
21 shaft collar
22 needle mount
23 nylon shoulder screw
24 two slide guides
25 base pusher
26 subminiature snap acting switch
27 slit 1n base pusher
28 switch bracket
30  plasma head (may also be referred to as a torch head)
31 plasma head mount
3la aperture of plasma head mount 31
31b aperture of plasma head mount 31
31c threaded mounting tube of plasma head 30
31d threaded mounting tube of plasma head 30
40 needle
41 turn tube coupling
42 hose fitting
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-continued

Reference Numbers

first through-bore on side of needle mount 21
second through-bore on side of needle mount 21
nylon bushings
Spring
apparatus for treatment of cancer using combined drug and
non-thermal plasma

drug delivery head

motor housing

robotic positioning device
surface drug delivery head
z-ax1s shaft

robotic controller

internal injection drug delivery head
robotic attachment section
plasma generating section

needle injection tip section
top stabilization disc

middle stabilization d
middle stabilization d
bottom stabilization d

disc spacers
rounded head slotted machine screw

ho

hol
hol
hol
hol
hol
hol
hol
hol
hol
hol
hol

e for round
e for round
e for round
e for round
e for round
e for round
e for round
e for round
e for round
e for round
e for round

hole for round
flanged shaft col

ca
cd
ca
cd
ca
ca
ca
ca
ca
ca
ca
ca

head
head
head
head
head
head
head
head
head
head
head

1SC
1sc aperture
iSC

head
lar

v o it o o v !0 \a «» »n W

otted
ofted
otted
ofted
otted
otted
otted
otted
otted
otted
otted

Otted

mac|
maci
mac!
mac!
mac!
mac!
mac!
maci
mac!
maci
mac!
mac!

button head socket cap screws
aperture of button head socket cap screw 318
aperture of button head socket cap screw 318

threaded aperture of button head socket cap screw 318

hine screw 31
nine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31
hine screw 31

hine screw 31

At tn n tn tn n L L L tn LA
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-continued

Reference Numbers

threaded aperture of button head socket cap screw 318
tungsten electrode
Yor-Lok fitting

quartz center cylinder

quick turn tube coupling

aperture
plasma injection needle
flat tip of plasma injection needle 324

luer lock coupling of plasma injection needle 324

rubber O-ring of plasma injection needle 324
silicon gasket
drug delivery tube
adapter fitting of drug injection needle 333
luer lock hose fitting
drug injection needle
needle of drug injection needle 333
luer lock house fitting of drug mmjection needle 333
aperture
O-ring of drug injection needle 333
external electronics interface
plasma head main body

upper electrode coupler

mounting screw aperture
mounting screw aperture

mounting screw aperture
mounting screw aperture
mounting screw aperture
mounting screw aperture
mounting screw aperture
mounting screw aperture
mounting screw aperture
tapered delivery port
wire connector aperture
mounting screw
mounting screw
mounting screw
mounting screw
mounting screw

5 404f mounting screw
404g mounting screw
404h  mounting screw
4041  mounting screw
405 gas tube connector aperture
405a  through-bore of gas tube connector aperture 405
10 406 BNC (Bayonet Neill-Concelman) connector
408 gas tubing connector
409  upper electrode aperture
410 lower electrode aperture
411 aperture transition of 409 and 410
15 500  plasma generator
513 gate of an electronic amplifier
515 electronic amplifier
520 DC power supply
530 kHz frequency transformer
20 531 primary winding of kHz frequency transformer
532 secondary winding of kHz frequency transformer
540 plasma electrode
541 tip of plasma electrode
542  45° angle of tip 541
55 560 signal generator (also known as a function generator)
600 Syringe pump
601 drug tubing of syringe pump 600
700 gas delivery system
750 gas supply tank
751 pressure regulator
30 752 gas flow control valve
753 gas flow meter
754 oas delivery tubing
801 18 VDC supply
802 start switch
35 803 skin contact switch
804  pumping system
803 5V relay
806 EPSON inputs
807 12 V relay
40 ROUY EPSON outputs
809 5 VDC supply
1001 program operation
1010 start sequence
1020 treatment loop
45 1011 injection program startup
1012 insert variables
1013 press computer start
1014  robot to home position
1015 align treatment area
1016 press patient start button
S0 1020 treatment loop
1021 needle plunges to skin surface
1022 skin surface contact reached
1014  robot to home position
1023 needle mmject 1nto skin
55 1024 pump program start
1025 pump program end
1026 extract needle
1030 another 1njection
1035 YES of Another Injection 1030
60 1040  move to next injection location
1050 NO of Another Injection 1030
1060 contact error
1061 contact error flashed
1080 pump error
‘5 1081 pump error flash
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COMPUTER PROGRAM LISTING APPENDIX

' EPSON RC+ 7.0 Injection Program
' 2/15/19

SRR R R R R R R R R R R R R SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

RO R R R

s RS EE R EEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEE R E TSR EREEEEEREEEEEEERE LR
RO R kR R RR

l SRR R R R R R AR ARR R R R R R R R R R R R R R R R SETTIP

RO R R R RR KRR R SRR KR R SRR R R Rk R R R R R sk sk SRR Rk sk SR Rk 3ROK

R EEEE R EEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEERER EEEEREEEEEER R SRR LR

okl odkokok

#define OperationSpeed 20 "‘Normal Operation Speed mm/s
#define Needleln|Speed 1 'Needle Injection Speed mm/s
#define ApproachContactDepth 50 'MAX Distance Z traveled until contact error

#define InjDepth 5 'Needle Plunge distance

#define XChange 10 'X dis to next mmjection site mm
#tdefine YChange -10 "Y' dis to next injection site mm
#define InjPoints 3 'orid size(if enter 3...3x3 = 6 total injection points)
Integer LoopCount ''nteger variable for loop counter

Integer InjCount 'Int variable for counting immjection locations
Integer XMove ''nt variable for X Movement

Integer YMove 'Int variable for Y Movement

SRORR RR R R R R RR RR R R R R R R R R R R R R R R R R RR R R R R R R ARR R R R R R RR R R R R R RAR R AR R R R R R R R R AR R R R R R R R R R
hofckochekkoRk Rk kR kokokkok

R R kR R AR R R R R RR R R R R R R R Rk R R R Rk R R R R R R Rk R R Rk Rk

R EEEE R EEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEERER EEEEREEEEEER R SRR LR

okl dkoRok ok ke ckokookk ok

Function main
Long cycleCount
InitRobot
Do
Call RunProgram
'cycleCount = cycleCount + 1
Print “Cycle count: ”, cycleCount

Function InitRobot
Reset
[f Motor = Off Then
Motor On
EndIf
Power High
Speed 20
Accel 70, 70
Fend
Function ContactError '‘function for if skin contact not reached, return home
If Sw(14) = Off Then
Print “ Error Switch contact Returning to Home” 'flag for if max distance

reached
On 0O

Off 6

Jump 1

Quit main
EndIf
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COMPUTER PROGRAM LISTING APPENDIX

Fend

Function PumpError
If Sw(12) = Off Then

Print “ Error Pump Returning to Home” 'flag for if max distance reached
On 0
Off 6
Jump inj1
Quit main
EndIf

Fend

Function RunProgram
Off O 'Light tower off
Off 2
Off 4
Off 6
On 12 'Laser On
Jump 1 'homepoint set
Print “Homepoint Set”
Print “Align Laser with Patient Start Point”
Print “Press Start Button When Ready”™
Wait Sw(10) = On 'Patient Start
On 6 'LED Blue for running
Print “Program Started”
Ooff 12 'Laser Off

Call fornext

Function fornext
InjCount = 0
For LoopCount = 1 To InjPoints
InjCount = InjCount + 1
XMove = InjCount * XChange
Go 11 +X(XMove)
P2 = Here
Print “Moving towards skin contact”
Wait 1
Speed 1

Go P2 -Z{ApproachContactDepth) Till Sw(14) = On

high

Print “Skin Contact Reached”
Wait 1
P20 = Here
Speed NeedlelnjSpeed
Go P20 -Z(InjDepth)
On 2
'Pump Program
Print “Starting pump program’™
Call PumpProgramX

Call ContactError 'function for if skin contact not reached, return home

Print “Pump program successiully completed, ready to extract needle”
Print “Remove needle to movement location™

Wait 1
Y
Call YInjection

Next LoopCount

Print “Program Complete™
On 4
Off 6

Fend
Function PumpProgramX
On &
Wait .1
Off 8
Wait Sw(l2) = Off
Wait 4
Call PumpZError
Wait Sw(12) = On

trigger for when pump finishes
Wait .1
Speed OperationSpeed

LOOP

'imitialize 1njection point counter

'Wew X Set

'Slower Speed For approach
'move 7, down until touch sensor

'Skin Contact Point Set

'Needle Plunge given distance
'LED vellow for needle i skin

runs Y direction after X

'LED for Complete

'output 8 hI 18 v

'output 8 low
'conflrm pump on

'Pump Error function
‘confirm pump oif

'Need electronic

'Delay to allow pump fluid to exit
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COMPUTER PROGRAM LISTING APPENDIX

Go P2
Off 2
Fend
Function PumpProgramyY
On &
Wait .1
Off 8
Wait Sw(l2) = Off
Wait 4

Call PumpError
Wait Sw(l12) = On

electronic trigger for when pump finishes
Wait .1
Speed OperationSpeed
Go P3
Off 2
Fend
Function YInjection
Go P2 -Y(YChange)
P3 = Here
Print “Moving towards skin contact”
Wait 1
Speed 1
Go P3 -Z{ApproachContactDepth) Till Sw(14) = On

high

Call ContactError 'function for if skin contact not reached, return home

Print “Skin Contact Reached”
Wait 1
P21 = Here
Speed NeedlelnjSpeed
Go P21 -Z(InjDepth)
On 2
'Pump Program
Print “Starting pump program’
Call PumpProgramyY

Print “Pump program successfully completed, ready to extract needle”

Print “Remove needle to movement location”
Wait 1
Fend

What 1s claimed 1s:

1. An apparatus for administering a cancer drug, com-

prising;:

a robotic arm, operatively arranged to move a drug-
delivery device, 1n sequence, to each of a plurality of
predetermined positions on tissue to be treated;

a tactile sensor arranged at the distal end of said drug-
delivery device and operatively arranged to determine
vertical height movement of said robotic arm for con-
tact with a surface of said tissue to be treated;

a reservolr arranged to store said cancer drug;

a needle, operatively arranged to be moved to each of said
predetermined positions on said tissue, and to deliver
said drug at those positions; and,

a torch head having an electrode for generating non-
thermal plasma 1n proximity to a distal end of said
needle and an area of said tissue to be treated, said torch
head having;:

a first end and a second end;

an upper electrode coupler; and,

a tube fluidly connected to said torch head at said second
end to a gas source, and said first end to discharge
non-thermal plasma.

2. The apparatus recited 1n claim 1 wherein said robotic

arm 1s a robotic positioning device.

3. The apparatus recited 1n claim 2 wherein said robotic

positioning device comprises:

two, three or more axis positions of control; and,

a plurality of rotary joints or linear positioning elements.

'remove needle Injl

'output 8 hI 18 v

'output 8 low
'conilrm pump on

'Pump Error function
'confirm pump off
‘Need

'Delay to allow pump fluid to exit

'remove needle Injl

‘New Y value set
'Slower Speed For approach

'move Z down until touch sensor

'Skin Contact Point Set

'Needle Plunge given distance
'LED vellow for needle mn skin

4. The apparatus recited in claim 2 wherein said robotic

40 positioning device comprises an internal robotic controller.

45

50
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5. The apparatus recited 1 claim 1 wherein said drug-

delivery device comprises:

a first end;

a second end;

a syringe comprising a first end, a second end, and said
reservolr;

a drug within said reservoir;

a needle arranged at said first end of said syringe to
deliver said cancer drug to said tissue to be treated at
said first end of drug-delivery device; and,

a light sensor operatively arranged to align said drug-
delivery device to a starting point of said tissue surface
to be treated.

6. The apparatus recited 1n claim 1 wherein said plasma

generation system comprises:

a high frequency transformer;

an electronic amplifier;

a plasma control circuitry wiring;

a signal generator;

a control line;

a primary winding;

a secondary winding;

wherein the signal generator i1s operatively connected to
said control line;

wherein said control line 1s operatively connected to said
electronic amplifier and said signal generator;
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wherein said electronic amplifier 1s operatively connected
to said high frequency transformer with said primary
winding; and,

wherein said electronic amplifier 1s operatively connected
to said control line with said secondary winding and °
further connected to said electrode.

7. The frequency transformer system recited 1n claim 6 1s

clectronically connected to the signal generator.

8. The apparatus recited in claim 1 wherein the drug-
delivery device comprises:

an optical emitter operatively arranged to emait a visible
pomnt of light onto a tissue surface to be treated to
provide visual tracking to said robotic arm, to each of
a plurality of predetermined positions onto said tissue
to be treated.

9. An apparatus for administering a drug, comprising:

a robotic arm, operatively arranged to move a drug-
delivery device, 1 sequence, to each of a plurality of
predetermined positions on tissue to be treated;

a reservolr arranged to store said drug;

a first needle, operatively arranged to be moved to each of
said predetermined positions on said tissue, and to
deliver said drug at those positions; and,

a second needle connected to an electrode, in close
proximity to said first needle, operatively arranged to
be moved to each of said predetermined positions on
said tissue, and to deliver an injectable non-thermal
plasma at those positions.

10. The apparatus recited 1n claim 9, further comprising a
plasma generation system for generating said non-thermal
plasma, comprising:

a high frequency transformer;

an electronic amplifier;

a plasma control circuitry wiring;

a signal generator;

10
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a control line;

a primary winding;

a secondary winding;

wherein the signal generator i1s operatively connected to
said control line;

wherein said control line 1s operatively connected to said
electronic amplifier and said signal generator;

wherein said electronic amplifier 1s operatively connected
to said high frequency transtormer with said primary
winding; and,

wherein said electronic amplifier 1s operatively connected
to said control line with said secondary winding and
further connected to said electrode.

11. The apparatus recited 1n claim 9 wherein said robotic

arm 1s a robotic positioning device.

12. The apparatus recited 1n claim 11 wherein said robotic

positioning device comprises:

two, three or more axis positions of control; and,

a plurality of rotary joints or linear positioning elements.

13. The apparatus recited 1n claim 12 wherein said robotic

positioning device comprises an internal robotic controller.

14. The apparatus recited in claim 9 wherein said drug-

delivery device comprises:

a first end;

a second end;

a syringe comprising a first end, a second end, and said
reservolir;

a drug within said reservoir;

a needle arranged at said first end of said syringe to
deliver said drug to said tissue to be treated at said first
end of drug-delivery device.

15. The apparatus recited in claim 9 wherein said elec-

trode 1s contained with a tube, said tube 1s connected to a gas
delivery system and to said second needle.
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