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IDENTIFICATION OF SURGICAL SMOKE

FIELD

[0001] The present technology relates generally to the analysis of cautery smoke from
surgical and post-surgical procedures. The present technology further relates to the use of a

marker for assessing the completeness of tumor resection in a subject.
BACKGROUND

[0002] The accurate diagnosis of a cancer condition relies on histological or
cytological examination of tissue or cells respectively. Both laboratory techniques are time
consuming, costly and do not provide the surgeon, in real-time, information necessary to
discriminate between tumor tissue and non-tumor tissue. Histopathology and cytopathology
are also ineffective at providing, in real-time, information necessary for assessing tumor
margins or real-time information that permits differentiation between cancerous tissue and

non-cancerous tissue during or post surgery.

[0003] Additionally, the completeness of tumor removal depends in large part on the
surgeon’s ability to differentiate tumor tissue from normal tissue using subjective criteria.
Modern surgical techniques used in tumor removal use a variety of surgical instruments.
Some of those instruments generate smoke and fumes that may be used to differentiate
between tumor tissue and normal tissue. However, the generation of smoke and fumes can
cause problems for the surgical staff participating in the surgery. For instance, surgical
smoke is known to impair the visual field of the surgeon, produce undesirable odor, and even
cause the release and dissemination of noxious chemicals or particles that can have harmful
health effects on healthcare workers. Thus, the capture of the smoke and fumes from surgical
equipment may not only be beneficial to the operating room workers, but also provide

valuable information regarding the completeness of the surgical procedure.
SUMMARY

[0004] In one aspect, a method is provided for assessing tumor margins during
surgery in a subject undergoing resection by cauterizing along visual boundaries of a tumor to

generate gaseous tissue particles; analyzing the gaseous tissue particles to determine a
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compositional make-up of the gaseous tissue particles; and comparing the compositional
make-up of the gaseous tissue particles to a predetermined value of the compositional make-
up of one or more non-tumor tissues. In such methods, the surgeon will discontinue
cauterization when the compositional make-up of the gaseous tissue particles corresponds to
the compositional make-up of one or more non-tumor tissues. The method may use a thermal
cautery or a radiofrequency bipolar cautery to resect tumor tissue. The resection may be

carried out during surgery or in an out-patient facility.

[0005] In another aspect, a method is provided for assessing tumor resection post
surgery. Accordingly, after the surgeon has removed what is believed to be a tumor, the
tissue mass that is removed may be scanned on its surface by a cautery or other smoke or
particle generator, and the smoke and/or particles are tested for a compositional make-up.
The absence of smoke or gaseous tissue particles that correspond to tumor markers indicates
a successful surgical procedure in that the tumor margins were not breach and wholly
contained with the tissue mass that was removed. Conversely, the present of smoke or
gaseous tissue particles that correspond to tumor markers indicates that the tumor margin
may have been breach during resection and that further surgical intervention may be

warranted.

[0006] According to the above aspects, the methods include differentiating tumor
tissue from non-tumor tissue by capturing a smoke and/or vapor emitted during cauterization
of tissue; analyzing the smoke or vapor to detect the presence of at least one chemical marker
or bio-marker associated with tumor tissue; and differentiating between tumor tissue and non-

tumor tissue based on the presence or absence of the marker in the captured smoke.

[0007] In certain embodiments, the marker associated with tumor tissue is a chemical
marker selected from the group consisting of C;-Cy alkanes, aldehydes, ketones, ammonia,
and C;-C4 alcohols. For instance, the presence of ethane in cautery smoke may be indicative
of breast cancer tissue when resecting from the breast region of a subject, or the presence of
methane or ethane in the cautery smoke may be indicative of liver cancer tissue when
resecting the liver of the subject. On the other hand, the presence of aldehydes in the cautery

smoke may be indicative of prostate cancer when resecting the prostate of a male subject.

[0008] In any of the above embodiments, the marker associated with tumor tissue

may be a biomarker. Exemplary of such markers include carbon monoxide, dinitrogen oxide,
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nitric oxide, hydrogen, glucose, dihydroxyacetone phosphate, glyceraldehyde-3-phosphate,
lactate, pyruvate or nicotinamide adenine dinucleotide (NADH). According to an
embodiment of the method, the presence of NADH in surgical smoke is indicative of a

malignant tumor tissue.

[0009] In another aspect, a method is provided for assessing the progression of a
cancer condition by analyzing a cautery smoke to detect the presence and/or concentration of
at least one chemical marker, or bio-marker, known to be associated with a cancer condition,;
and using such information to assess the progression of a cancer condition. The method may
also include comparing the concentration of at least one chemical marker or bio-marker

present in cautery smoke.

[0010] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to the

following detailed description.
DETAILED DESCRIPTION

[0011] The illustrative embodiments described in the detailed description and claims
are not meant to be limiting. Other embodiments may be utilized, and other changes may be

made, without departing from the spirit or scope of the subject matter presented here.

[0012] The present technology is described herein using several definitions, as set

forth throughout the specification.

(13 2% ¢
a

[0013] As used herein, unless otherwise stated, the singular forms an,” and
“the” include plural reference. Thus, for example, a reference to “a cell” includes a plurality

of cells, and a reference to “a molecule” is a reference to one or more molecules.

[0014] As used herein, “about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. If there are
uses of the term which are not clear to persons of ordinary skill in the art, given the context in

which it is used, “about” will mean up to plus or minus 10% of the particular term.
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[0015] “Alkyl” or “alkane” refers to straight chain, branched chain, or cyclic alkyl
groups having 1 to 24 carbons or the number of carbons indicated herein. In some
embodiments, an alkyl group has from 1 to 16 carbon atoms, from 1 to 12 carbons, from 1 to
8 carbons or, in some embodiments, from 1 to 6, or 1, 2, 3, 4 or 5 carbon atoms. Examples of
straight chain alkyl groups include groups such as methyl, ethyl, n-propyl, n-butyl, n-pentyl,
n-hexyl, n-heptyl, and n-octyl groups. Examples of branched alkyl groups include, but are
not limited to, isopropyl, iso-butyl, sec-butyl, tert-butyl, neopentyl, isopentyl, and 2,2-
dimethylpropyl groups. In some embodiments, the alkyl groups may be substituted alkyl

groups.

[0016] When tissue is cauterized, superheating leads to the formation of a plasma. As
the superheating and plasma of the tissue is established, charring, vaporization and/or
ionization of the tissue occurs thereby generating a combination of smoke, particles, and
vapors that may rise from the site of cauterization. Typically, the site of cauterization is
associated with a surgical site. Any one or more of the smoke, particles, or vapors are
referred to herein generally as “cautery smoke.” The cautery smoke may contain mixtures of
chemical and biochemical components, gaseous tissue particles and other particulate matter
such as cells, cellular debris and viruses. The present technology provides for the analysis of
the cautery smoke and the gaseous tissue smoke, particles, and vapors associated therewith,
as they are generated by a variety of cautery, or other surgical, devices. Such surgical
devices routinely used to remove diseased or cancerous tissue from the body include, but are
not limited to, cautery devices, harmonic scalpels, plasma blades, monopolar electrocautery
scissors, and bipolar electrothermal cauterizers and sealers. Such diseased or cancerous
tissue may arise from a disease state that may include, but is not limited to cancer states of a
wide variety. For example, the disease states may be present as cancerous tissue or tumor
tissue. The cancerous tissue or benign tumor tissue may include, but is not limited to breast
cancer, liver cancer, bone cancer, lung cancer, brain cancer, intestinal cancer, testicular

cancer, ovarian cancer, colon cancer, and other cancers as are known.

[0017] As used herein, the terms cautery, cauterization, cauterized, cautery smoke, or
cautery vapor may also refer to processes conducted with non-thermal cutting devices which
may only produce a mist or a vapor as a result of tissue destruction. For example, ultrasound
scalpels operate by vibrating one blade against a stationary blade at a high frequency.

Cutting is achieved by mechanical denaturation of proteins, and the temperatures only rise to
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approximately 80°C. Accordingly, there is no boiling of water, however a fine mist is
released at the cutting site while the denatured tissue and collagen mixes with water to form a
glue that effectively adheres the tissue together and closes the cut. Thus, while ultrasonic or
ultrasound scalpels do not superheat the tissue, they are defined herein as cautery devices due
to their vapor/mist generation effects. The vapor/mist generated by an ultrasonic or
ultrasound scalpel is expressly defined herein to be encompassed by the term “cautery
smoke” as that term is defined herein and may more generally be used. In some

embodiments, the surgical device is a Bovie knife or ultrasound scalpel.

[0018] The analysis of the cautery smoke may be conducted during surgery to remove
tissue, or after the surgery to determine the success of the surgery. For example, during a
surgical procedure to remove tissue, a cautery may be used that cuts and cauterizes tissue
resulting in tissue resection and blood loss minimization. The cautery smoke that is
generated may be removed from the surgical site and analyzed to determine the
compositional makeup of the tissue that has been cut. In such a procedure, the surgeon, or
other medical professional, resects the cancerous or tumor tissue. If during resection, the
analysis of the cautery smoke indicates that cancerous or tumor tissue has been breached, the
surgeon may be advised and can re-direct the resection to avoid the cancerous or tumor tissue
to result in complete removal. In such a procedure, the goal is to remove the cancerous or
tumor tissue without contacting the cancerous or tumor tissue. The advisement of the
surgeon may be through visual indicators, for examples graphs or numbers displayed on a
screen indicating a substantive change in the compositional makeup of the cautery smoke.
The advisement of the surgeon may be through auditory indicators with sounds generated to
indicate a substantive change in the compositional makeup of the cautery smoke. The
advisement of the surgeon may be through physical indicators with a vibration of the surgical
cautery device to indicate a substantive change in the compositional makeup of the cautery

smoke.

[0019] Alternatively, or in addition to the above, the analysis of the cautery smoke
may be conducted after the surgery to determine the success of the surgery. For example,
during a surgical procedure to remove tissue, the surgeon may use a non-cautery device, such
as scalpel or other cutting instrument, to remove diseased and/or cancerous or tumor tissue
from a subject. The removal is effected by the surgeon cutting through tissue adjacent to, but

not within, the diseased and/or cancerous or tumor tissue, such that a tissue mass is removed.
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A cautery may be then be used to sample the outer surface of the tissue mass to determine if
the tissue at the outer surface is normal tissue (i.e. non-diseased and/or non-cancerous or non-
tumor tissue) or if it is diseased and/or cancerous or tumor tissue. Such sampling may be
conducted by the surgeon or other medical professional that is trained in such sampling
procedures. In such a process, the cautery device is used to generate a cautery smoke
(including smoke, particles, and vapors) and the cautery smoke is analyzed for substantive
changes in the composition makeup of the tissue when compared to a normal baseline value
for normal tissue. If the tissue is normal, then the surgeon has standing to believe that the
known diseased and/or cancerous or tumor tissue was successfully removed. However, if the
surface of the tissue mass is found to contain diseased and/or cancerous or tumor tissue, the
surgeon may have reason to believe that the non-normal tissue was breached and that further

surgical intervention may be warranted.

[0020] As noted, a baseline level of a chemical or biological marker in a patient may
be initially determined. Accordingly, at the beginning of a surgical procedure, or in pre-
operative planning stages, known “normal” (i.e. non-cancerous, non-tumor) tissue near the
tumor site, but which is clearly free of tumor tissue, may be sampled with the cautery or other
surgical device. The cautery smoke, particles, and vapors that are generated are then sampled
to determined a baseline concentration of the various chemical and biological markers that
are detected. This baseline may then be used to set the baseline level for which surgical or
post-surgical cautery testing is then compared to in determining whether or not certain

disease states, or if cancerous or tumor tissue, are present.

[0021] Alternatively, the baseline level of the components of cautery smoke that are
to be monitored, may be a standard baseline level that is determined from a wide range of
samplings from a wide range of subjects, with the baseline level being an average or a range.
In other words, large sampling databases may be obtained to determine baseline levels on
average for a large group of subjects. The large sampling databases may then be the basis for
comparison of the various chemical and biological markers in the tissue to which individual
subject are compared during, or after surgical procedures to remove tumor or cancerous

tissue.

[0022] The analysis of cautery smoke may be performed using any chemical or

biochemical method including mass spectrometry, cavity ring-down spectrophotometeric gas
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analysis, Raman spectroscopy, photoacoustic technologies, gas chromatography, or rapid
evaporative ionization mass spectroscopy (REIMS). In the methods, a sample of cautery
smoke is introduced into a mass spectrometer, gas chromatography analyzer, or
photoacoustic analyzer to determine the compositional make-up of the cautery smoke. The
gas chromatography analyzer or spectrophotometer may be employed to provide real-time
analysis of the compositional make up of cautery smoke. The gas chromatograph may also
employ an electron capture detector, a sampling ion trap detector, or a negative ion capture

detector, to detect and analyze trace gases in the smoke or vapor.

[0023] To permit real-time analysis of cautery smoke, a cautery device, or other
thermal surgical device, may be fitted with a smoke extraction device near the cutting tip of
the device. The smoke extraction device contains a hollow tubular body having a lumen, that
is adapted to be connected at one end to a vacuum source, and contains an attachment
member for receiving the cautery device at the end of the tubular body opposite to the end
connected to the vacuum source. The smoke produced during cauterization of tissue can be
periodically, or continuously, evacuated from the surgical site by the application of the
vacuum. The smoke is then evacuated through the lumen of the hollow tubular body and
conveyed to the spectrophotometer or gas chromatograph, where the compositional make-up

of the smoke is analyzed.

[0024] The present technology permits, therefore, real-time assessment of tumor
margins by comparing the compositional make-up of the gaseous tissue particles to a
predetermined value of the compositional make-up of gaseous tissue particles from one or

more non-tumor tissues.

[0025] As introduced above, cautery smoke has a compositional makeup that includes
smoke, particles, and vapors. Included in those materials may be one or more chemical
markers, one or more biological markers, or a combination of such substances as identifiers
specific to one or more disease states. Such markers may be endogenous to the individual,
meaning that the markers are produced by the subject and are associated with the normal
and/or diseased tissue. Such markers may also be exogenous to the individual, meaning that
the markers are purposefully added to the subject as a marker or tracer that becomes

associated with the diseased tissue.
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[0026] For instance, chemical may include, but are not limited to, C;-Cy alkanes or
aldehydes, the presence of which in tissue and accordingly in the cautery smoke may be
indicative of cancer. The presence of a C;-Cyg alkane, in an amount that is greater than a pre-
determined baseline value in cautery smoke, may indicate that the cautery, or other surgical
device has contacted cancerous tissue. In one embodiment, when resecting potentially
diseased tissue from a breast, the presence of Ci-Cy alkanes may be indicative of breast
cancer. In another embodiment, when resecting tissue associated with a prostate, the
presence of C-Cy aldehydes in cautery smoke may be indicative of cancerous prostate

tissue.

[0027] In addition to alkanes and aldehydes, cautery smoke may contain other
chemical agents, for example, ketones, alcohol and ammonia whose presence above a
predetermined levels in cautery smoke are indicative of other disease states. Thus, the
presence of alcohol in cautery smoke, above a predetermined baseline level, may be

indicative of liver disease.

[0028] In addition to the chemical markers described above (i.e. the alkanes,
aldehydes, alcohols, ketones, and ammonia), cautery smoke can contain a variety of other
endogenous biological substances, or markers, whose presence is considered to be indicative
of certain discase states. Illustrative biological markers may include, but are not limited to,
carbon monoxide, dinitrogen oxide, nitric oxide, hydrogen, glucose, dihydroxyacetone
phosphate, glyceraldehyde-3-phosphate, lactate, pyruvate or nicotinamide adenine
dinucleotide. (NADH). While each of these may also be present in cautery smoke from
normal tissue, an enhanced amount above a baseline level is considered to be indicative of a
disease state, for example, a cancerous condition. Thus, the presence of a cancerous tissue
can determined by characterizing and quantifying the one or more of endogenous biological
markers within the cautery smoke. As an example, the presence of NADH in cautery smoke

is considered to be indicative of a malignant cancer condition.

[0029] Pairings of chemical markers, biological markers or a chemical marker and a
biological marker may also be used for differentiating between tumor and non-tumor tissue or
to indicate progression of a cancer condition. For example, the presence of both an aldehyde

and NADH in cautery smoke may signal malignancy of prostate tumor, particularly, if the
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concentration of these two markers is greater than a pre-determined baseline level that is

correlated to progression of a prostate cancer condition.

[0030] Exogenous substances may also be introduced to a subject either generally, or
directly to diseased tissue. For instance, a subject undergoing surgical intervention can be
administered a tumor-specific marker (e.g. a compound that is specific for a particular type of
tumor tissue) prior to surgery. During resection, contact of the tissue with a cautery pen or
knife causes superheating of tissue that results in vaporization of the tissue. Because the
marker concentrates to a greater extent in tumor tissue than surrounding normal tissue, the
level of marker in cautery smoke will depend on whether the cautery pen or knife contacts
tumor tissue or non-tumor tissue. It follows therefore, that the presence of the marker in
cautery smoke or cautery vapor or a pyrolysis product of the tumor marker, in the cautery
smoke indicates contact of the cautery with tumor tissue while the absence of the marker in

cautery smoke or vapor indicates contact of the cautery with non-tumor tissue.

[0031] It will also be appreciated that general administration of a such a marker to a
subject, will not result in defined lines of concentrations of the marker in the cancerous
versus non-cancerous tissue. There will likely be a gradient in the amount of marker with
higher concentrations at the diseased or cancerous tissue with lower, radiating amounts from
such tissue. Accordingly, it may be that the cautery develops a gradient increase which may
then be calibrated to a known gradient of the particular marker in tissue to determine how

close to the diseased tissue the surgeon has resected.

[0032] The marker may or may not be compound that is exogenous or endogenous to
the subject. For example, during cauterization, and due to the heat that is associated with
such processes, the tissues and any markers or compounds therein are subject to heating. As
those tissue and any markers or compounds therein begin to vaporize and char, they are
released from the surface of the tissue not only as the marker or compound therein, but as
degraded products as well. For example, while the marker may be one material in the
subject, under heating it will produce a signature of other oxidized or other degraded

compounds that is then detected by the analysis instrument.

[0033] Tumor-specific markers may also be used to mark or trace tumor tissue.
[Mlustrative tumor-specific markers include, but are not limited to, radiolabeled compounds

that bind a specific protein expressed on tumor cells, fluorescent or radiolabeled tumor
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selective peptides, fluorescently labeled compounds, radiolabeled compounds, fluorescent
dyes, fluorescent or radiolabeled cell penetrating peptides specific for an intracellular tumor
protein, fluorescent or radiolabeled tumor-specific antibodies, fluorescent or radiolabeled
proteins, or any chemical/biochemical agent that can bind tumor tissue or non-tumor tissue so
as to permit the surgeon a detectable identifier for discriminating between tumor and non-

tumor tissue.

[0034] The tumor-specific marker can also be a compound, peptide, dye or an
antibody that is conjugated to a nanoparticle, a magnetic particle or a particle made using a
biopolymer. In certain embodiments, the tumor-specific marker is contained within a particle
made of a biopolymer that decomposes upon reaching a tumor tissue to release the tumor-

specific marker at the site of tumor tissue.

[0035] Active labeling and passive labeling of tumors can be achieved using any one
of the above mentioned agents. Labeling of tumor will depend on the kinetics of transport of
the labeling agent to the tumor site and the transport of the labeling agent into tumors across
the cellular membrane which can take place passively or actively. Passive transport relies on
the ability of the labeling agent to diffuse across the lipid bilayer, while active transport
requires the labeling agent to first bind to a cell surface receptor and the energy dependent
transport of the receptor-label complex across the cell membrane into cells. Whether
passively or actively transported, once inside the cell, the labeling agent will bind to an
intracellular organelle or protein, preferably, a protein that is over-expressed in tumor cells

versus normal cells so as to selectively concentrate and label tumor cells.

[0036] As introduced above, the marker(s) may be administered prior to surgery,
allowing sufficient time for the marker to become associated with the tumor tissue.
Administration of a pharmaceutical composition containing the tumor-specific marker can be
through an intravenous route, orally, through an intratumoral injection, or intraperitoneally.
The marker is then permitted to bind to, or become associated with, tumor tissue prior to
surgery. Thus, in one embodiment of the present method administration of the tumor marker
is followed by a wait period to permit the transport and binding of the marker to tumor tissue.
The time interval between administration of the tumor marker and surgery may vary from
seconds to about a few minutes to a few hours depending on the kinetics of transport of the

marker to tumor tissue. In some embodiments, the time interval is from about 1 min to about

10
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180 minutes. In some embodiments, the time interval is about 5 minutes. In some
embodiments, the time interval is about 10 minutes. In some embodiments, the time interval
is about 15 minutes. In some embodiments, the time interval is about 20 minutes. In some
embodiments, the time interval is about 30 minutes. In some embodiments, the time interval
is about 45 minutes. In some embodiments, the time interval is about 60 minutes. In some
embodiments, the time interval is about 75 minutes. In some embodiments, the time interval
is about 90 minutes. In some embodiments, the time interval is about 120 minutes. In some
embodiments, the time interval is about 150 minutes. In some embodiments, the time

interval is about 180 minutes.

[0037] Thus, to assess completeness of tumor resection using an exogenously
administered tumor-specific marker, a subject suffering from a cancer condition is
administered such a marker, namely, a compound, dye, peptide, antibody or any combination
of these reagents that bind tumor tissue to a greater extent than normal tissue. After waiting
for a specific interval of time to promote association between the marker and tumor tissue as
well as marker and non-tumor tissue, the subject will undergo surgery. As described above,
the cauterization may be conducted along the visual boundaries of a tumor will result in the
production of cautery smoke, a gascous mixture that includes tissue particles (gaseous tissue
particles), cellular materials, cell debris and one or more compounds used as the marker.
This mixture of gaseous tissue particles can be analyzed to quantify the concentration of
marker at the site of cauterization. Alternatively, the surgeon may remove the tumor tissue
without non-cautery cutting devices, and then analyze the outer surface of the resected tissue
with the cautery to determine of the tumor was, or was not, breached by the non-cautery
cutting device. By comparing the concentration of marker in gaseous tissue particles to
predetermined values for concentration of the same marker in cautery smoke obtained from
non-tumor tissues a surgeon can evaluate the completeness of tumor resection. Because the
affinity of the marker is greater for tumor tissue, the concentration of marker in the gaseous
tissue particles should be higher when the cautery is contacted with tumor tissue. It follows
therefore, that tumor resection is deemed to be complete when the concentration of a marker
in gaseous tissue particles equals or is less than the concentration for the same marker in

cautery smoke from a normal tissue.

[0038] While agents used as tumor markers can directly be formulated in a

physiologically acceptable diluent for administration to a patient by one of the

11
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aforementioned delivery routes, microbubbles containing one or more signaling agents as
detectable tags for tumor tissue can also be used as delivery vehicles. According to one
method for identifying tumor tissue during surgical resection, a patient suffering from a
diseased state is administered prior to surgery, a pharmaceutically acceptable composition of
microbubbles that contain one or more tumor-signaling agents. Following administration of
the tumor-binding agents, the patient undergoes surgical resection of the tumor either with, or
without a cautery as described above. As the surgeon, or cautery operator, cauterizes along
the visual boundaries of the tumor, heat from the cautery vaporizes the tissue and disrupts the
microbubbles that may be bound to the tissue, thereby generating or releasing a gaseous
mixture of tissue particles and vapors of the tumor signaling agent in the resulting cautery
smoke. This gaseous mixture can be analyzed to determine the presence and concentration of
tumor signaling agent, a detectable signature of the tumor-signaling agent, a detectable by-
product of the tumor signaling agent or any combination of these to identify the tissue being
cauterized as tumor tissue or non-tumor tissue. Alternatively, the surgeon may resect the
tumor with a non-cautery device and then later analyze the resected tissue for the presence, or

absence, or gradient concentration of the signaling agent.

[0039] The microbubbles containing one or more tumor signaling agents may be
spheres composed of a lipid bilayer that encapsulates one or more signaling agents. The
microbubbles may be contacted with a tumor tissue passively or via active tagging of the
cancerous tissue. In one embodiment, the lipid surface of the microbubbles may be attached
to one or more biological substances, such as an antibody that is specific for tumor cells so as
to facilitate active binding and increased concentration of the microbubbles to corresponding
antigens on cancer cells. The microbubbles may have a vascular half-life of a few minutes to
a few hours and can be formulated as pharmaceutically acceptable compositions for
intravenous administration to a patient. The vascular half-life of the microbubbles, therefore,
may be from about 5 minutes to about 24 hours, for instance, about 15 minutes, about 30
minutes, about 60 minutes, or about 90 minutes. In certain embodiments the vascular half-
life of the microbubbles may be from about 2 hours to about 23 hours, 22 hours, 21 hours, 20
hours, 19 hours, 18 hours, 17 hours, 16 hours, 15 hours, 14 hours, 13 hours, 12 hours, 11

hours, 10 hours, 9 hours, 8 hours, 7 hours, 6 hours, 5 hours, 4 hours, or 3 hours.

[0040] Sampling of the cautery smoke can be performed periodically or continuously

for the presence of tumor signaling agent. By measuring the concentration of the tumor

12
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signaling agent in cautery smoke and comparing the measured concentration to pre-
determined values for concentration of the same signaling agent from non cancerous tissue, a
visual score can be computed that would permit intra-operative determinations of anatomical
margins thereby enabling superior management of tumor resection procedures. Because
cancer cells divide more rapidly than normal cells, cancerous tissue is more vascularized than
normal tissue. The greater vasculature of cancer tissue permits higher concentrations of the
microbubbles containing the tumor signaling agent to bind cancerous tissue, thus, enhancing

sensitivity of tumor detection.

[0041] As described above, any agent that selectively binds to cancer cells or is more
selectively transported into cancer cells can be used as the tumor signaling agent. The
signaling agent can be in the form of a solid, liquid or gas and can contain more than one
detectable groups. Illustrative signaling agents may include, but are not limited to
perfluorinated alkanes, such as, but not limited to, perfluoroethane, perfluoropropane,
perfluoro-isopropane, perfluorobutane, perfluoro-isobutane, perfluoro-tertiarybutane,
perfluoropentane, perfluoro-isopentane, perfluorohexane, perfluorooctyl bromide, or

perfluoro-neopentane; or gases such as, but not limited to, sulfur hexafluoride.

[0042] The signaling agent may be a compound that can be detected directly without
thermal transformation or is produced by the thermal breakdown of a molecule within the
microbubble during cauterization. Thus, contacting the tumor tissue with a cautery pen or
knife can cause the tissue to heat up, ionize and/or vaporize causing the microbubbles
attached to or within the vicinity of the tumor tissue to disrupt as a result of the radiated heat.
Disruption or bursting of the microbubbles releases and vaporizes the signaling agent causing
it to be a part of cautery smoke or vapor. To promote thermal disruption of the microbubbles
during cauterization, thermally degradable polymers will be used for the manufacture of the
microbubbles. While any source capable of providing thermal energy can be used to ablate
the microbubbles, in one embodiment, the use of cautery for disrupting the microbubbles and
releasing the tumor-specific signaling agent is provided. Illustrative of the class “thermally
degradable polymers” are polymers or copolymers of optionally substituted cyanoacrylates,
such as methylcyanoacrylate, methoxyethyl cyanoacrylate, polymethacrylic acid and
polyethylene glycol.
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[0043] To identify whether the tissue being cauterized is cancerous or non-cancerous,
a subject is administered a composition or microbubbles containing perfluorobutane that bind
to, or associate with, tumor cells, for example, in the liver. Because the microbubbles
containing perfluorobutane preferentially migrate, and potential bind, to tumor cells,
resection and cauterization of the hepatic tissue will promote release of the perfluorobutane
which can be detected by instrumentation associated with the cautery knife. Both periodic or
continuous analysis of the cautery smoke for the presence and concentration of the signaling
agent can be carried out by the surgeon or cautery operator. Because perfluorobutane is not a
naturally occurring substance in the body, it and its thermal degradation products may only

be attributable to the composition of microbubbles administered to the patient prior to

surgery.

[0044] In one embodiment, the captured smoke or vapor is analyzed through the use
of in situ or laboratory optical spectrophotometry, mass spectroscopy, gas chromatography,
Raman spectroscopy or other known techniques. When the perfluorobutane, or degraded or
oxidized product thereof is detected, the analytical instrument triggers an audio, visual, or
physical response to inform the surgeon, or cautery operator in real time of the presence of
the perfluorobutane marker, thereby indicating the presence of hepatocellular carcinoma
cells. Likewise, if the instrument does not detect perfluorobutane, or degraded or oxidized
product in the cautery smoke, it may use a different audio or visual cue to inform the surgeon
to change course along which resection is being performed so as to determine if all of the

tumor tissue is removed, or if additional cauterization is required.

[0045] In addition to using microbubbles to tag tumor tissue, the present technology
also provides a method for differentiating between tumor and non-tumor tissue by
administering to a patient perfluorobutane or fluorescent dye containing microbubbles that
are surface functionalized to preferentially bind and internalize in normal cells. According to
this aspect of the technology, the instrument analyzing cautery smoke will provide an audio
or visual cue when the cautery is in contact with non-tumor tissue while the absence of an

audio-visual signal will implicate contact of the cautery with tumor tissue.

[0046] Changes in any of the above marker levels or signaling agent levels during, or
after, surgical resection of tumor, such as an increase or decrease in the concentration of the

marker in cautery smoke also can be monitored and a surgeon can be alerted to such changes
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in marker levels using audio, visual, and physical cues such as a video panel, indicator lights,
alert sounds, vibrations, or other means of communication. In one exemplary embodiment
spectroscopic analysis of the cautery smoke permits the quantification of the marker in real-
time as the surgeon moves the cauterization blade through tissue and converts the measured
concentration to a cancer score between 0% and 100%. By selecting a threshold value of this
score, for example, in the range from about 90% - 100%, 90%-98%, 90%-96%, 90%-94%, or
90%-92%, that is indicative of a cancerous condition, the surgeon may be alerted using
visual, auditory, or physical cues whether the tissue being cauterized is cancerous or not, thus
permitting real-time discrimination between tumor tissue and non-tumor tissue. Likewise,
the absence of the tumor marker, or a pyrolysis product of the tumor marker, in the cautery
smoke indicates contact of the cautery with non-tumor tissue. As stated above, any chemical,
electrochemical, or biochemical method can be used to analyze the smoke produced upon

contact of the cautery with tissue.

[0047] In one embodiment, therefore, a method for assessing completeness of tumor
resection is provided. The absence of a biological marker, chemical marker, or signaling
agent that is endogenous or exogenous to tumor tissue and is normally elevated in tumor
tissue can be used as an indicator of complete tumor resection. According to this method, a
surgeon resects along the tumor’s visual boundary using a cautery pen or cautery knife. Such
contact of tissue with the cautery pen or knife results in the generation of a gaseous mixture
of tissue particles, chemical biomarkers and/or endogenous biological markers which can be
captured and analyzed using any one of the analytical techniques further described below.
The absence or a lower level of one or more endogenous biomarkers in cautery smoke
indicates that the tissue contacted with the cautery pen or knife is not cancerous and is
therefore indicative of complete tumor resection. In an alternative embodiment, a resected
mass of tissue is analyzed with a cautery to determine if an outer surface of the tissue
contains a biological marker, chemical marker, or signaling agent that is indicative of, or
associated with, cancerous or diseased tissue. The absence of such a biological marker,
chemical marker, or signaling agent may indicate that the resection was complete, while the
presence of such a biological marker, chemical marker, or signaling agent may indicate that

the resection was incomplete, or that the diseased tissue was breached.

[0048] In an alternative embodiment, a patient is administered a marker that is

specific for normal tissue and therefore, will concentrate to a greater extent in normal tissue
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compared to tumor tissue. According to this aspect of the present technology, the cautery
smoke is analyzed for the presence or absence of such a marker. Because the marker
preferentially binds to normal tissue, the concentration of the marker in cautery smoke should
be greater when tumor resection is complete, that is, the tissue being cauterized is normal

tissue.

[0049] Methods for assessing the progression of a cancer condition are also provided.
Information related to the concentration and identity of at least one chemical or biological
marker known to be associated with a cancer condition can be used to assess the progression
of a cancer condition. In one embodiment, information related to the concentration of tumor-
specific markers is obtained by analyzing the cautery smoke for the presence of one or more
known tumor-specific markers as the cautery device moves along the visual boundaries of the
tumor during surgical resection. Accordingly, a higher concentration of one or more known
tumor-specific markers in cautery smoke is indicative of a greater progression of the cancer
condition. For example, high concentrations of nitric oxide or NADH in cautery smoke may
signal progression of a cancer condition and malignancy in a subject. Such analysis may be
performed within the operating room or the resected tumor can be transported to another

room, such as a laboratory for analysis.

[0050] The present technology further provides a method for assessing tumor margins
during surgery in a subject undergoing resection. Briefly, the method teaches cauterizing
tissue along the visual boundaries of a tumor to generate cautery smoke having gaseous tissue
particles. The gaseous tissue particles are then captured and analyzed to determine the
compositional make-up of the cautery smoke. The smoke, vapor or other acrosols that are
produced during cauterization may contain one or more chemical markers, one or more
biological markers, or a combination of a chemical marker and a biological marker can be
used as identifiers specific to tumor tissue. According to this method a surgeon will
discontinue tissue cauterization when the compositional make-up of cautery smoke generated
during surgical resection of tumor corresponds to a predetermined value of the compositional

make-up of cautery smoke from normal tissue.

[0051] The present technology improves current cancer management practices that
rely on surgical resection of cancerous tissue using cauterization and post-surgical

chemical/biochemical analysis of the resected tissue to discriminate between tumor and non-
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tumor tissue. For example, surgical resection of a diseased liver or a diseased section of the
liver is commonly conducted for treating hepatocellular cancers. Irrespective of whether the
surgery is performed laparoscopically or liver resection is performed using an open surgical
field, both procedures involve using a cautery knife to resect the diseased liver or a portion of
the diseased liver. Such cauterization generates tissue particles, smoke and vapors, as well as
other acrosols which can be analyzed in real-time for scoring a cancerous condition,
identifying the onset of malignancy or discriminating between tumor tissue and non-tumor

tissue.

[0052] The above described methods for identifying tumor tissue can readily be
applied to liver resection surgeries presently considered to be the mainstay treatment protocol
for hepatocellular carcinoma. The present diagnostic methodology also overcomes hurdles
necessary for clinical approval by using microbubbles that are routinely used clinically for a
variety of procedures including, but not limited to, contrast-enhanced imaging such as
ultrasonography and magnetic resonance imaging (MRI). The methods provided herein take
advantage of this body of work, and add further sensitive measurement techniques to enhance

the ability of cauterization to remove all, or substantially all tumor tissue.

[0053] The use of microbubble encapsulated tumor signaling agents can also be used
to determine the extent of tumor metastasis and thus permit the determination of the stage of
a cancer condition. Accordingly, the surgeon will periodically or continuously monitor
cautery smoke as the blade of a cautery knife or pen contacts tissue distal from the visual
boundaries of the tumor as well as in other areas of the surgical field to quantify the
concentration of tumor-specific signaling agent. In another embodiment, therefore, a method
is provided for the intra-operative staging of a cancer condition by contacting a tumor tissue
with microbubbles comprising a signaling molecule and cauterizing the tumor tissue to
generate cautery smoke or cautery vapor. Staging of the cancer depends on the concentration
of the signaling molecule in cautery smoke. According to this method a higher concentration
of a signaling molecule in cautery smoke is indicative of a later stage of a cancer condition.
For certain aspects of staging of a cancer condition, the method relies on using stabilized lipid
microbubbles comprising a biological complement of a group expressed on the surface of the
tumor tissue. Thus, for example, the biological complement may comprise an antibody while
the tumor tissue comprises an antigen which is complementary to that antibody. The

described method for staging is particularly suited to staging of cancerous hepatic tissue,
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cancerous renal tissue, cancerous pancreatic tissue, cancerous breast tissue, or cancerous

prostate tissue.

[0054] Because the methods may be used to determine the stage of cancer, in one
embodiment, the stage of a cancer condition is determined by comparing the concentration of
signaling molecule in cautery smoke or cautery vapor to a pre-determined value of the
signaling molecule from stage I to stage IV tumor tissues. For example, a higher
concentration of the signaling molecule in cautery smoke or cautery vapor is indicative of a

later stage of the cancer condition.

[0055] The present technology also provides a method for discriminating between
tumor and non-tumor tissue whereby the microbubble containing one or more signaling
agents is contacted with a tumor tissue during surgery, but prior to contact of a cautery pen or

knife with the visual boundaries of a tumor.

[0056] The present technology, thus generally described, will be understood more
readily by reference to the following examples, which are provided by way of illustration and

are not intended to be limiting of the present invention.
EXAMPLES

[0057] Example 1. A patient diagnosed with hepatocellular carcinoma will be
intravenously administered a solution of microbubbles that contain the detectable marker
perfluorobutane and are functionalized to associate to a greater extent with tumor tissue than
normal tissue. Following administration of the microbubble solution, the patient will undergo
surgery to remove the cancer. The surgical cautery device used will be equipped with a
smoke removal unit that is connected using a pump to a mass spectrometer unit that is

modified to ionize and analyze the smoke generated during surgery.

[0058] Resection will be performed along the visual boundaries of the tumor tissue.
Preferably the tumor will be resected together with parts of healthy skin and surrounding
lymph nodes in order to minimize the chance for tumor recurrence. While resection will be
performed along the visual boundaries of the tumor, these boundaries can be altered
depending on the mass spectrometric analysis of cautery smoke produced as the tissue is

being cut.
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[0059] The mass spectrum of total ion current obtained during surgical intervention
will be measured. The amount of marker in cautery smoke will be determined and if the
measured amount exceeds a baseline value determined for healthy tissue the instrument
analyzing the cautery smoke will generate an audio signal to inform the surgeon in real-time
that the tissue being cauterized is tumor tissue. The baseline value will either be determined
based upon known baseline values for a sampling of similar patients, or will be determined in
adjacent healthy tissue to the disease tissue being resected. It should be noted that mass
spectrometric signals are detectable only when actual surgical cutting is performed and not

when the cautery or the surgical field is being cleaned.

[0060] Alternatively, the ratio of the concentration of marker in cautery smoke is
compared to a predetermined concentration of marker in normal tissue and this quantity will
be displayed on feedback device using audio, visual, or physical signals. For example, the
surgeon may be made aware that the tissue in contact with the cautery is normal by a change
in the frequency of a beeping sound when the cautery contacts non-tumor tissue. Post-
surgical histological examination of removed material will prove that the present method

improves efficiency of tumor removal.

[0061] Example 2. An clectrosurgical unit will be used in combination with
quadrupole ion trap mass spectrometer for analysis. Electrosurgical cutting electrode will be
equipped with a smoke removal unit, which will be connected to fluid-pump using tubing.
The fluid pump will be part of an instrumental set up that is equipped with secondary
electrospray post-ionization unit, that includes a capillary, a high voltage power supply,
electrospray, and a mass spectrometer operated in positive ion mode. lons at m/z 447 and

449, or other m/z values, may be monitored with m/z 446 as background signal.

[0062] Nude mice carrying NCI-H460 human non-small cell lung cancer xenograft
will be housed in a temperature- and light-controlled room, feed and water were supplied ad
libitum. At age of 8 weeks, the mice will be dosed with 2x20 mg/bw kg gefitinib. Following
3 days of drug treatment, tumor xenografts will be sampled in vivo, under phenobarbital
anesthesia. Electrosurgical cautery will be used to remove non-small cell lung cancer tumor
and also to obtain healthy lung tissue. Both tumor bearing an non-tumor bearing mice will be

subjected to preoperational chemotherapy using Gefitinib. Gefitinib (molecular weight is
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446) selectively binds to epithelial growth factor receptor (EGFR), which is overexpressed by

NSCLC tumor cells. Thus, gefitinib can be used for the chemical labeling of these tumors.

[0063] Tumors will be resected together with parts of healthy lung tissue. Tumor
margins will be determined based on mass spectrometric identification of tissue being cut
using a ratio for the concentration of ions at m/z 447 and m/z 446 in cautery smoke to the
concentration for ions at m/z 447 and m/z 446 in normal tissue. These results will be
displayed using a feedback device, which will translate the mass spectral data to a blue-red

color gradient or an audio signal.

[0064] The above described methods can also be used to discriminate between tumor
and non-tumor tissue using a fluorescently labeled antibody that binds a protein
overexpressed by tumor cells. Cautery smoke containing the fluorescently labeled antibody
or some derivative of it will be analyzed using a fluorimeter to quantify the fluorescent signal

and compare it to a predetermined level of fluorescence from normal tissue.
EQUIVALENTS

[0065] While certain embodiments have been illustrated and described, it should be
understood that changes and modifications can be made therein in accordance with ordinary
skill in the art without departing from the technology in its broader aspects as defined in the

following claims.

[0066] The embodiments, illustratively described herein may suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms ‘comprising,” ‘including,” ‘containing,’ etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the claimed technology. Additionally, the phrase ‘consisting essentially
of” will be understood to include those elements specifically recited and those additional
elements that do not materially affect the basic and novel characteristics of the claimed

technology. The phrase ‘consisting of” excludes any element not specified.
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[0067] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent compositions,
apparatuses, and methods within the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along with
the full scope of equivalents to which such claims are entitled. It is to be understood that this
disclosure is not limited to particular methods, reagents, compounds compositions or
biological systems, which can, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and is

not intended to be limiting.

[0068] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush group.

[0069] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting
example, each range discussed herein can be readily broken down into a lower third, middle
third and upper third, etc. As will also be understood by one skilled in the art all language
such as ‘up to,” ‘at least,” ‘greater than,” ‘less than,” and the like, include the number recited
and refer to ranges which can be subsequently broken down into subranges as discussed
above. Similarly, the phrase “at least about” some value such as, ¢.g., wt % includes at least
the value and about the value. For example “at least about 1 wt%” means “at least 1 wt% or
about 1 wt%.” Finally, as will be understood by one skilled in the art, a range includes each

individual member.

[0070] Other embodiments are set forth in the following claims.
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WHAT IS CLAIMED IS:

1. A method for assessing tumor margins during surgery in a subject undergoing
resection, comprising:

cauterizing along visual boundaries of a tumor to generate cautery smoke;

analyzing the cautery smoke to determine a compositional make-up of the
cautery smoke; and

comparing the compositional make-up of the cautery smoke to a baseline level
of a compositional make-up of a cautery smoke of non-tumor tissue;

discontinuing cauterizing when the compositional make-up of the cautery
smoke corresponds to the compositional make-up of the cautery smoke

the non-tumor tissues.

2. The method of claim 1, wherein the cauterizing is performed using a thermal cautery

or a radiofrequency bipolar cautery.

3. The method of claims 1 or 2, wherein cauterizing is performed during surgery or as an

out-patient procedure.

4. The method of claim 1, wherein the analyzing comprises introducing the gaseous
tissue particles to a mass spectrometer, a photoacoustic analyzer, a gas

chromatograph, or a scintillation counter.

5. A method for differentiating tumor tissue from non-tumor tissue, comprising;:
capturing a cautery smoke emitted during cauterization of tissue;
analyzing the cautery smoke for the presence or absence of at least one

chemical marker or bio-marker associated with tumor tissue.

6. The method of claim 5, wherein the marker associated with tumor tissue is a chemical
marker.
7. The method of claims 5 or 6, wherein the chemical marker is a C;-C,g alkane, a Cy-

Cy aldehyde, a C;-Cy ketone, ammonia, or a C;-C4 alcohol.

. The method of claim 7, wherein the detected chemical marker is a C;-Cyg alkane.
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The method of claim 8, wherein the alkane is ethane and is indicative of the presence

of cancerous breast tissue.
The method of claims 7, wherein the detected chemical marker is an aldehyde.

The method of claim 10, wherein the presence of the aldehyde in cautery smoke is

indicative of the presence of prostate cancer tissue.
The method of claims 7, wherein the chemical marker detected is a C-C4 alcohol.

The method of claim 12, wherein the C1-C4 alcohol is methanol or ethanol and is

indicative of cancerous liver tissue.

The method of claim 5, wherein the marker associated with tumor tissue is a bio-

marker.

The method of claim 14, wherein the bio-marker is carbon monoxide, dinitrogen
oxide, nitric oxide, hydrogen, glucose, dihydroxyacetone phosphate, glyceraldehyde-

3-phosphate, lactate, pyruvate or nicotinamide adenine dinucleotide.

The method of claim 15, wherein the bio-marker is nicotinamide adenine dinucleotide

and is indicative of a malignant tumor tissue.

The method of claim 5, wherein the cautery smoke comprises particulate matter,

viruses, or cells.

A method for assessing the progression of a cancer condition, comprising:
analyzing a cautery smoke to detect the presence and amount of at least one
chemical marker or bio-marker that is indicative of a cancer condition
wherein the amount is indicative of the progression of the cancer

condition.

The method of claim 18, wherein the chemical marker is a C1-Cy alkane, a C;-Cyg

aldehyde, a C;-Cy ketone, ammonia or a C,-C4 alcohol.

The method of claim 18, wherein the bio-marker is carbon monoxide, carbon dioxide,
dinitrogen oxide, nitric oxide, hydrogen, glucose, dihydroxyacetone phosphate,

glyceraldehyde-3-phosphate, lactate, pyruvate or nicotinamide adenine dinucleotide.
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