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REAL-TIME AND LABEL FREE ANALYZER
FOR IN-VITRO AND IN-VIVO DETECTION
OF CANCER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. patent
application Ser. No. 16/010,510, filed Jun. 17, 2018, and
entitled “REAL-TIME AND LABEL FREE ANALYZER
FOR IN-VITRO AND IN-VIVO DETECTING THE SUS-
PICIOUS REGIONS TO CANCER?”, which takes priority
from U.S. Provisional Patent Application Ser. No. 62/522,
115 filed on Jun. 20, 2017, and entitled “DIAGNOSIS OF
CANCER TUMORS IN BIOPSY BREAST TISSUES” and
U.S. Provisional Patent Application Ser. No. 62/563,673
filed on Sep. 27, 2017, and entitled “CANCER DIAGNOS-
TIC PROBE”, which are all incorporated herein by refer-
ence in their entirety.

SPONSORSHIP STATEMENT

This application has been sponsored by Iran Patent Office,
which does not have any rights in this application.

TECHNICAL FIELD

The present disclosure generally relates to cancer diag-
nosis, and particularly, to a system, sensor, and method for
diagnosing cancerous regions before and during surgery via
a real-time and label free approach.

BACKGROUND

Glycolysis is the intracellular biochemical conversion of
one molecule of glucose into two molecules of pyruvate,
which can be used to attain cellular energy. With the
assistance of sufficient oxygen, pyruvate could be converted
by pyruvate dehydrogenase (PDH) into acetylCoA which is
crucial in a metabolizing process to produce ATP in an
oxidative way. A physiological concentration of pyruvate in
human normal epithelial tissue has been reported to 0.7
mmol/g. Also the lactate-to-pyruvate ratio (I/P ratio) as a
reflection of cell’s redox state, illustrates the balance
between NAD+ and NADH+H+, depending on the inter-
conversion of lactate and pyruvate via lactate dehydrogenase
(LDH). The L/P ratio in normal epithelial tissues is less than
20:1. Markers and assays have been developed to trace the
LADH, P, or L/P in the patients’ specimen as diagnostic or
prognostic factors which reveal the interests on lactate based
cancer research. Moreover some methods have been devel-
oped to trace pyruvate by electrochemical methods with the
assistance of chemically labelled working electrodes. How-
ever, there is still no substitutive label free methods and/or
devices to replace expensive, complicated, and late-respon-
sive clinical methods and devices such as pathology assays.

Hence, there is a need for cost-effective, label free and
real-time methods and devices, especially sensors and
method to use thereof to detect cancer in suspicious regions
especially during cancer surgery like mastectomy to remove
involved regions with precise margins to reduce resection of
normal sites.

SUMMARY

This summary is intended to provide an overview of the
subject matter of the present disclosure, and is not intended
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2

to identify essential elements or key elements of the subject
matter, nor is it intended to be used to determine the scope
of the claimed implementations. The proper scope of the
present disclosure may be ascertained from the claims set
forth below in view of the detailed description below and the
drawings.

In one general aspect, the present disclosure describes an
exemplary method for in-vivo cancer diagnosis within a
living tissue. The method may include preparing an elec-
trochemical probe by fabricating three integrated electrodes
via coating a layer of vertically aligned multi-walled carbon
nanotubes (VAMWCNTs) on tips of three electrically con-
ductive biocompatible needles, putting the tips of the three
integrated electrodes in contact with a portion of the living
tissue by inserting the tips of the three integrated electrodes
into the portion of the living tissue, recording an electro-
chemical response from the portion of the living tissue,
where the electrochemical response may include a cyclic
voltammetry (CV) diagram with an oxidation current peak
of hypoxic glycolysis chemical reaction in biological cells
within the portion of the living tissue, and detecting cancer-
involving status of the portion of the living tissue based on
the oxidation current peak. In an exemplary embodiment,
the electrochemical response may include a cyclic voltam-
metry (CV) diagram of H,O, related oxidation/reduction
chemical reaction in biological cells within the portion of the
living tissue. The concentration of H,O, may be in corre-
lation with the hypoxia glycolysis occurred in tumor cells.

In an exemplary implementation, detecting the cancer-
involving status of the portion of the living tissue based on
the oxidation current peak may include detecting a healthy
state at the portion of the living tissue responsive to a value
of the oxidation current peak being smaller than a first
threshold value, detecting a cancerous state at the portion of
the living tissue responsive to the value of the oxidation
current peak being larger than a second threshold value, and
detecting a moderately cancer-involved state at the portion
of the living tissue responsive to the value of the oxidation
current peak being between the first threshold value and the
second threshold value.

In an exemplary implementation, detecting the cancer-
involving status of the portion of the living tissue based on
the oxidation current peak may include generating a set of
reference current peak values, looking up the oxidation
current peak within the generated set of reference current
peak values, and detecting the cancer-involving status in the
portion of the living tissue. In an exemplary implementation,
generating the set of reference current peak values may
include recording a set of CV diagrams from a plurality of
samples of living tissues using the electrochemical probe,
measuring a set of reference current peaks respective to the
recorded set of CV diagrams for each sample of the plurality
of samples of living tissues, determining status of each
sample by applying a pathological assay to each sample, and
assigning the determined status of each sample to the
respective measured reference current peak. The determined
status may include one of a healthy state, a cancerous state,
and a moderately cancer-involved state, based on result of
the applied pathological assay. In an exemplary implemen-
tation, detecting the cancer-involving status in the portion of
the living tissue may include detecting the healthy state for
the portion of the living tissue responsive to the oxidation
current peak being in a first range of the generated set of
reference current peak values assigned as being of the
healthy state, detecting the cancerous state for the portion of
the living tissue responsive to the oxidation current peak
being in a second range of the generated set of reference
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current peak values assigned as being of the cancerous state,
and detecting the moderately cancer-involved state for the
portion of the living tissue responsive to the oxidation
current peak being in a third range of the generated set of
reference current peak values assigned as being of the
moderately cancer-involved state.

In an exemplary implementation, preparing the electro-
chemical probe may include fabricating the three integrated
electrodes by coating the layer of vertically aligned multi-
walled carbon nanotubes (VAMWCNTs) on the tips of the
three electrically conductive biocompatible needles, and
fixing the three integrated electrodes at one end of a handle.
In an exemplary implementation, fabricating the three inte-
grated electrodes may include depositing a catalyst layer on
the tips of the three electrically conductive biocompatible
needles, and growing an array of VAMWCNTs on the
deposited catalyst layer.

In an exemplary implementation, depositing the catalyst
layer on the tips of the three electrically conductive bio-
compatible needles may include depositing a layer of Nickel
(Ni) with a thickness of less than 10 nm using an E-beam
evaporation system at a temperature of 120° C. with a
depositing rate of 0.1 Angstroms/s. In an exemplary imple-
mentation, growing the array of VAMWCNTs on the depos-
ited catalyst layer may include annealing the deposited
catalyst layer at a temperature of 680° C. in an H, environ-
ment with a flow rate of 20-35 standard cubic centimeters
per minute (sccm) for about 30 minutes, graining the
annealed catalyst layer by plasma hydrogenation of surface
of the catalyst layer for 5 minutes with an intensity of 5.5
W-cm™2, and growing VAMWCNTs on the grained catalyst
layer in a chamber by introducing a plasma comprising a
mixture of C,H, with flow rate of 5 sccm and H, with flow
rate of 35 sccm to the chamber for 15 minutes.

In an exemplary implementation, detecting the cancerous
state in the portion of the living tissue may include recording
a reference electrochemical response from a reference solu-
tion, the reference electrochemical response comprising a
reference oxidation current peak, comparing the electro-
chemical response with the reference electrochemical
response, and detecting the cancerous state in the portion of
the living tissue responsive to a larger oxidation current peak
of the electrochemical response in comparison with the
reference oxidation current peak of the reference electro-
chemical response. In an exemplary embodiment, the refer-
ence solution may include a lactate solution with a lactate
concentration of 0.05 mM or more.

In an exemplary embodiment, the portion of the living
tissue may include at least one of a liquid suspicious sample,
a solid suspicious sample, and combinations thereof. In an
exemplary embodiment, the portion of the living tissue may
include a suspicious mass to be cancerous that may include
at least one of a biopsied sample from a human or animal
body, a removed sample from a human or animal body by
surgery, a portion of a living tissue in a human or animal
body, a portion of a living tissue in a human or animal body
during tumor removal surgery, and combinations thereof.

In an exemplary implementation, recording the electro-
chemical response from the portion of the living tissue may
include connecting the electrochemical probe to an electro-
chemical stimulator-analyzer, applying a set of electrical
potentials to the electrochemical probe using the electro-
chemical stimulator-analyzer, and recording a set of electri-
cal currents respective to the applied set of electrical poten-
tials from the portion of the living tissue using the
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electrochemical stimulator-analyzer. In an exemplary
embodiment, the electrochemical stimulator-analyzer may
include a potentiostat.

In an exemplary implementation, applying the set of
electrical potentials to the probe may include applying a
sweeping range of electrical potentials between -1 V and 1
V to the working electrode.

In an exemplary implementation, each tip of the tips of the
three electrically conductive biocompatible needles may
include a respective sensing tip with a diameter between 100
um and 200 um, and a length between 0.1 cm and 1 cm.

In an exemplary implementation, the electrochemical
probe may include a sensing part and the handle. In an
exemplary embodiment, the sensing part may include a
working electrode including a first biocompatible conduc-
tive needle of the three electrically conductive biocompat-
ible needles, a counter electrode including a second biocom-
patible conductive needle of the three electrically conductive
biocompatible needles, and a reference electrode including
a third biocompatible conductive needle of the three elec-
trically conductive biocompatible needles.

In an exemplary embodiment, the handle may include an
insertion part and a releasing button. In an exemplary
implementation, the insertion part may be configured to
insert the electrochemical probe into the living tissue. In an
exemplary implementation, the releasing button may be
configured to release the sensing part for replacing the
sensing part with a fresh one. Where, the sensing part may
be attached to the insertion part.

In an exemplary embodiment, the working electrode, the
counter electrode, and the reference electrode may be
attached to the insertion part at one end of the handle apart
from each other with a distance between 1 mm and 5 mm.

In an exemplary embodiment, the sensing part may fur-
ther include an electrode holder encompassing the working
electrode, the counter electrode, and the reference electrode.
In an exemplary embodiment, the handle may further
include a handle head and a switch located on the handle
head. In an exemplary implementation, the switch may be
configured to connect the electrochemical probe to an elec-
trochemical stimulator-analyzer device, and disconnect the
electrochemical probe from the electrochemical stimulator-
analyzer device.

In an exemplary embodiment, the VAMWCNTs may
include VAMWCNTs with a length of between 0.5 ym and
10 pm. In an exemplary embodiment, the VAMWCNTs may
include VAMWCNTs with a diameter of between 20 nm and
100 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawing figures depict one or more implementations
in accord with the present teachings, by way of example
only, not by way of limitation. In the figures, like reference
numerals refer to the same or similar elements.

FIG. 1A illustrates a schematic view of an exemplary
electrochemical system for cancer diagnosis, consistent with
one or more exemplary embodiments of the present disclo-
sure.

FIG. 1B illustrates a schematic view of an exemplary
CNT based electrochemical chip, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 1C illustrates a schematic view of an exemplary
sensing well, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 1D illustrates a schematic view of an exemplary
magnified portion of exemplary working electrode within
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exemplary sensing well of FIG. 1C, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 1E illustrates a schematic view of an exemplary
cancer diagnosis probe (CDP), consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 1F illustrates a schematic view of an exemplary
needle electrode of exemplary CDP corresponding to the
working electrode, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 1G illustrates a schematic view of an exemplary
magnified portion of a tip of exemplary needle electrode of
FIG. 1C, consistent with one or more exemplary embodi-
ments of the present disclosure.

FIG. 1H illustrates a schematic view of another imple-
mentation of an exemplary cancer diagnosis probe (CDP)
for in-vivo measurement of H,O, oxidation in a living
tissue, consistent with one or more exemplary embodiments
of the present disclosure.

FIG. 1I illustrates a schematic view of an exemplary
scenario in which an exemplary sensing part has been
separated from an exemplary handle of an exemplary CDP,
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 1J illustrates a schematic view of an exemplary
working electrode, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 2A illustrates an exemplary implementation of a
method for cancer diagnosis, consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 2B illustrates a schematic implementation of putting
the array of vertically aligned multi-walled carbon nano-
tubes (VAMWCNTs) grown on tip of each needle electrode
of three needles electrodes of exemplary CDP in contact
with exemplary suspicious sample, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 2C illustrates a schematic view of another exemplary
implementation of putting exemplary electrodes of exem-
plary CDP in contact with an exemplary portion of a living
tissue, consistent with one or more exemplary embodiments
of the present disclosure.

FIG. 2D illustrates an implementation of detecting the
cancerous state in the suspicious sample, consistent with one
or more exemplary embodiments of the present disclosure.

FIG. 2E illustrates an exemplary implementation of an
exemplary method for in-vivo cancer diagnosis within a
living tissue, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 2F illustrates an exemplary implementation of pre-
paring an exemplary electrochemical probe similar to the
exemplary CDP, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 2G illustrates an exemplary implementation of fab-
ricating three integrated electrodes by coating a layer of
vertically aligned multi-walled carbon nanotubes (VAMW-
CNTs) on tips of three electrically conductive biocompatible
needles, consistent with one or more exemplary embodi-
ments of the present disclosure.

FIG. 2H illustrates an exemplary implementation of
growing an array of VAMWCNTs on exemplary deposited
catalyst layer, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 21 shows an exemplary implementation of detecting
the cancer-involving status of the exemplary portion of the
exemplary living tissue based on the oxidation current peak,
consistent with one or more exemplary embodiments of the
present disclosure.
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FIG. 2J shows an exemplary implementation of generat-
ing a set of reference current peak values, consistent with
one or more exemplary embodiments of the present disclo-
sure.

FIG. 3A illustrates a schematic view of exemplary elec-
trochemical reactions involved on sensor including exem-
plary VAMWCNTs as shown in FIGS. 1D and 1G, consis-
tent with one or more exemplary embodiments of the present
disclosure.

FIG. 3B illustrates a schematic overview of mitochondrial
electron and proton fluxes in hypoxia, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 4 illustrates a field emission scanning electron
microscopy (FESEM) image of the VAMWCNTs array on a
portion of an exemplary fabricated CNT based electro-
chemical chip, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 5A illustrates a FESEM image of a tip of a needle
electrode of an exemplary fabricated cancer diagnostic
probe (CDP) coated with an array of VAMWCNTs on the
tip, consistent with one or more exemplary embodiments of
the present disclosure.

FIG. 5B illustrates a FESEM image of a first portion of an
exemplary VAMWCNTs array grown on the tip of the
needle electrode of exemplary fabricated CDP, consistent
with one or more exemplary embodiments of the present
disclosure.

FIG. 5C illustrates a FESEM image of a second portion of
an exemplary VAMWCNTs array grown on the tip of the
needle electrode of exemplary fabricated CDP, consistent
with one or more exemplary embodiments of the present
disclosure.

FIG. 5D illustrates a FESEM image of a third portion of
an exemplary VAMWCNTs array grown on the tip of the
needle electrode of exemplary fabricated CDP, consistent
with one or more exemplary embodiments of the present
disclosure.

FIG. 6A illustrates the CV diagrams of L-lactic acid
solution individually recorded by electrochemical sensors
fabricated from platinum (Pt), Gold (Au), amorphous glassy
carbon (GC) and carbon nanotube (CNT) working elec-
trodes (WEs), consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 6B illustrates the CV diagrams of solutions with
various concentrations of Hydrogen Peroxide (H,0,)
resulted from the lactate turn to H,O, and pyruvate recorded
by electrochemical sensors with CNT arrays working elec-
trode, consistent with one or more exemplary embodiments
of the present disclosure.

FIG. 6C illustrates the CV diagrams of H,O, contained
lactate solution in comparison with two cell culture solutions
recorded by electrochemical sensors with CNT arrays work-
ing electrode, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 7 illustrates the CV diagrams of hypoxic glycolysis
in MCF 10A, MCF-7, MDA-MB-231, and MDA-MB-468
cell lines in comparison with H,O, contained lactate solu-
tion and RPMI measured and recorded by exemplary CNT
based electrochemical chip, consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 8 A illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Colon (COR-L 105, SW-480, HT-29) cell
lines in comparison with Reference diagram for solution
H,O, contained solution with a lactate concentration of
about 0.3 mM, consistent with one or more exemplary
embodiments of the present disclosure.
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FIG. 8B illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Hematopoietic (1301, LCL-PI 1) cell lines in
comparison with Reference diagram for H,O, contained
solution with a lactate concentration of about 0.3 mM,
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 8C illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Liver (HEP G2) cell lines in comparison with
Reference diagram for H,O, contained lactate solution with
a lactate concentration of about 0.3 mM, consistent with one
or more exemplary embodiments of the present disclosure.

FIG. 8D illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Lung (QU-DB, MRC-5) cell lines in com-
parison with Reference diagram for H,O, contained lactate
solution with a lactate concentration of about 0.3 mM,
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 8E illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Mouth (KB) cell lines in comparison with
Reference diagram for H,O, contained lactate solution with
a lactate concentration of about 0.3 mM, consistent with one
or more exemplary embodiments of the present disclosure.

FIG. 8F illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Neuron (BE(2)-C, LAN-5) cell lines in
comparison with Reference diagram for H,O, contained
lactate solution with a lactate concentration of about 0.3
mM, consistent with one or more exemplary embodiments
of the present disclosure.

FIG. 8G illustrates the CV responses of the solution media
of different normal and cancerous cell lines in various
phenotypes for Prostate (PC-3, Du-145) cell lines in com-
parison with Reference diagram for H,O, contained lactate
solution with a lactate concentration of about 0.3 mM,
consistent with one or more exemplary embodiments of the
present disclosure.

FIGS. 9A-9F illustrate the cytopathological results (top
side) and electrochemical responses (bottom side) of the
breast tissues removed by biopsy or surgery from 6 suspi-
cious patients to cancer, consistent with one or more exem-
plary embodiments of the present disclosure.

FIG. 10 illustrates a columnar diagram of electrochemical
responses of the breast tissues removed by biopsy or surgery
from 11 suspicious patients to cancer, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 11A illustrates CV response of exemplary CDP with
all three needles covered by VAMWCNTs immediately after
connection to the tissues, consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 11B illustrates CV response of exemplary CDP with
only working electrode covered by VAMWCNTs immedi-
ately after connection to the tissues, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 11C illustrates CV response of exemplary CDP with
non-CNT covered by needles immediately after connection
to the tissues, consistent with one or more exemplary
embodiments of the present disclosure.

FIGS. 12A-12E illustrate CV responses recorded by
exemplary CDP (needle based electrochemical sensor) from
the resected tissues from five patients among 50 individual
patients suspicious to breast cancer (bottom side) in com-
parison with images obtained by conventional pathological
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methods (H&E) (top side), consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 13 illustrates a summary of categorized regimes of
CV responses recorded by exemplary CDP from the resected
tissues from five patients among 50 individual patients
suspicious to breast cancer representing CV regimes along a
spectrum from a completely non-cancerous state to cancer-
ous state, consistent with one or more exemplary embodi-
ments of the present disclosure.

FIG. 14A illustrates a sonography image from a tumor
side taken from an exemplary mouse tumorized by 4T1
breast cancer cell lines, consistent with one or more exem-
plary embodiments of the present disclosure.

FIG. 14B illustrates H&E image from the tumor side
taken from exemplary tumorized mouse by 4T1 breast
cancer cell lines, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 14C illustrates H&E image from a normal/healthy
side taken from exemplary tumorized mouse by 47T1 breast
cancer cell lines, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 14D illustrates CV diagrams of normal and tumor
regions/sides of exemplary tumorized mouse by 4T1 breast
cancer cell lines calibrated by a Reference CV diagram from
H,0, contained lactate solution with a lactate concentration
of'about 0.3 mM obtained using exemplary CDP, consistent
with one or more exemplary embodiments of the present
disclosure.

FIG. 15A illustrates a sonography image from a tumor
taken from an exemplary mouse tumorized by 4T1 breast
cancer cell lines, consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 15B illustrates exemplary six analyzed regions of an
exemplary tumorized mouse among the exemplary five
tumorized mice before surgery, consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 15C illustrates exemplary six analyzed regions of an
exemplary tumorized mouse among the exemplary five
tumorized mice during surgery, consistent with one or more
exemplary embodiments of the present disclosure.

FIG. 16 illustrates comparative diagram of CDP responses
in interaction with normal, nonmalignant tumor, and malig-
nant tumor recorded from individual mice, consistent with
one or more exemplary embodiments of the present disclo-
sure.

FIG. 17A illustrates CV response diagram obtained by
applying exemplary CDP in detection of suspicious margins
during breast cancer surgery for a known normal region,
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 17B illustrates CV response diagram obtained by
applying exemplary CDP in detection of suspicious margins
during breast cancer surgery for a suspicious region, con-
sistent with one or more exemplary embodiments of the
present disclosure.

FIG. 17C illustrates CV response diagram obtained by
applying exemplary CDP in detection of suspicious margins
during breast cancer surgery for another suspicious region,
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 17D illustrates an H&E resulted image after the
surgery for a known normal region, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 17E illustrates an H&E resulted image after the
surgery for a suspicious region, consistent with one or more
exemplary embodiments of the present disclosure.
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FIG. 17F illustrates an H&E resulted image after the
surgery for another suspicious region, consistent with one or
more exemplary embodiments of the present disclosure.

FIG. 18 illustrates H&E images from nine exemplary
samples, consistent with one or more exemplary embodi-
ments of the present disclosure.

FIG. 19 illustrates classification of current peaks recorded
by exemplary CDP after examining more than 250 samples
in consistence with pathological diagnosis, consistent with
one or more exemplary embodiments of the present disclo-
sure.

FIG. 20A illustrates an image resulted from frozen H&E
(top-side image), an image resulted from permanent H&E
(middle-side image), and a CV response recorded by exem-
plary CDP (bottom-side image) for the anterior IM of a
patient (ID 18), consistent with one or more exemplary
embodiments of the present disclosure.

FIG. 20B illustrates an image resulted from frozen H&E
(top-side image), an image resulted from permanent H&E
(middle-side image), and a CV response recorded by exem-
plary CDP (bottom-side image) for a suspicious margin
inside the body of the patient (anterior margin of patient ID
46), consistent with one or more exemplary embodiments of
the present disclosure.

FIG. 20C illustrates an image resulted from frozen H&E
(top-side image), an image resulted from permanent H&E
(middle-side image), and a CV response recorded by exem-
plary CDP (bottom-side image) for a suspicious margin
inside the body of the patient (posterior IM of patient ID 46),
consistent with one or more exemplary embodiments of the
present disclosure.

FIG. 20D illustrates an image resulted from frozen H&E
(top-side image), an image resulted from permanent H&E
(middle-side image), and a CV response recorded by exem-
plary CDP (bottom-side image) for Sentinel Lymph Node
(SLN) of patient ID 18, consistent with one or more exem-
plary embodiments of the present disclosure.

FIG. 21 illustrates a visually summarized comparison
between current peak values of recorded CV responses
utilizing the exemplary CDP via exemplary methods for
in-vivo cancer diagnosis within a living tissue, and CIN
pathological classification, consistent with one or more
exemplary embodiments of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide
a thorough understanding of the relevant teachings. How-
ever, it should be apparent that the present teachings may be
practiced without such details. In other instances, well
known methods, procedures, components, and/or circuitry
have been described at a relatively high-level, without detail,
in order to avoid unnecessarily obscuring aspects of the
present teachings. The following detailed description is
presented to enable a person skilled in the art to make and
use the methods and devices disclosed in exemplary
embodiments of the present disclosure. For purposes of
explanation, specific nomenclature is set forth to provide a
thorough understanding of the present disclosure. However,
it will be apparent to one skilled in the art that these specific
details are not required to practice the disclosed exemplary
embodiments. Descriptions of specific exemplary embodi-
ments are provided only as representative examples. Various
modifications to the exemplary implementations will be
readily apparent to one skilled in the art, and the general
principles defined herein may be applied to other implemen-
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tations and applications without departing from the scope of
the present disclosure. The present disclosure is not intended
to be limited to the implementations shown, but is to be
accorded the widest possible scope consistent with the
principles and features disclosed herein.

A number of current methods utilize lactate and/or pyru-
vate as cancer markers. However, herein the oxidation of
Hydrogen Peroxide (H,O,) molecules measured by carbon
nanotubes (CNTs) based electrodes is utilized to detect
cancer and especially distinguish cancerous regions from
healthy regions in a suspicious tissue. The main conse-
quence of pyruvate formation from lactate is release of H,O,
molecules as the main byproduct of hypoxia glycolysis. An
abnormal redox state appears in cancer cells based on
modulation of hypoxia with increased pyruvate concentra-
tion and lactate-to-pyruvate ratio (L/P ratio) which results in
increasing the concentration of H,O, in interstitial fluid
(stroma). So, determination of H,O, molecules would be an
indication for the presence of cancer cells in a tissue. As
H,0, is an active and non-stable molecule it would turn to
O,, H* and release electrons which are great target charges
for electrochemical sensation.

Herein, an electrochemical approach based on multi-
walled carbon nanotubes (MWCNTs) electrodes is disclosed
for fast tracking of hypoxia glycolysis in the interstitial fluid
of biopsied tissues suspicious to cancer, such as breast
tissues. Electrochemical reduction of H,O, molecules, pro-
duced in lactate to pyruvate transformation, on the elec-
trodes of disclosed system may present a significant quan-
titate response signal in correlation with the presence of
cancer cells in a suspicious sample. Here, a cancer diagnos-
tic probe (CDP) based on vertically aligned multi-walled
carbon nanotubes (VAMWCNTs) arrays as sensing elec-
trode with direct and selective electron transfer abilities in
interaction with H,O, may be utilized.

Disclosed herein may include a label free method for
diagnosis of the presence of cancer in suspicious regions
based on determination of the hypoxia glycolysis in a
quantitative manner. The method may be based on measur-
ing the oxidative currents released during glycolysis from
the tissue. A matched diagram between an electrochemical
response measured from a suspicious sample and cancerous
state curves may be utilized for a final diagnostic result.
Over expression of glycolysis assisted mRNAs in cancerous
samples may be observed as an indicator of a presence of
cancer in a sample. Exemplary method may be applied as an
alternative for frozen pathology during the surgery with
faster and more precise efficiency. Furthermore, a label free
system including an electrochemical sensor with integrated
three CNT based electrodes is disclosed for tracking hypoxia
glycolysis via detecting electrochemical reduction of H,O,
molecules, which may be produced in Lactate to pyruvate
transformation in cancer cells. Exemplary simple and label
free electrochemical assay may also be used for measuring
the drug resistance of the tumors as a pre therapeutic
prediction (as a new prognostic factor) to increase the
survival rate in future.

In some implementations, exemplary electrochemical
sensor may include an integrated sensor on the needles,
named herein as a cancer diagnostic probe (CDP). Exem-
plary CDP may be fabricated and utilized in real-time on the
suspicious regions to cancer before and during surgery in
patients (In vivo). The domain of suspicious regions with a
resolution of about 3 mm may be detected using exemplary
method and CDP. The significant specification of CDP rather
than recently reported real-time diagnostic methods, such as
mass-spec, may allow the CDP to track the cancer involved






