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BIOMEDICAL SENSING METHODS AND APPARATUS FOR
THE DETECTION AND PREVENTION OF LUNG CANCER STATES

CROSS-REFRENCE TO RELATED APPLICATIONS

This patent application claims the benefit of @diStates Provisional Patent Application
No. 62/424,719 filed November 21, 2016. The corstané hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods and apysat@ monitor and potentially
prevent occurrences of lung cancer in patients.fige includes apparatus and methods to

determine a patient’s pre-disposition or propensitgcquire lung cancer.

2. Discussion of the Related Art

Cancer is not a single disease, but rather a twlteof related diseases that can start
essentially anywhere in the body. Common amongsg@s of cancer is that the body’s
cells begin to divide without stopping, proliferagiand potentially spreading into
surrounding tissues. In the normal course of eyeelts grow and divide to form new cells
as required by the body and when they become dathwagad, they die and new cells
replace the damaged or old cells; however, camterrupts this process. With cancer, the
cells become abnormal, and cells that should diead@nd new cells form when they are not
needed. These new cells can reproduce or prokfevithout stopping and may form growths

called tumors.
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Cancerous tumors are malignant, which means thegmaad into or invade
surrounding health tissue. In addition, cancersagdin break off and travel to remote areas in
the body through blood or in the lymph system. Beriumors, unlike malignant tumors, do
not spread or invade surrounding tissue; howefiey, inay grow large and cause damage.
Both malignant and benign tumors may be removeteated. Malignant tumors tend to
grow back whereas benign tumors can grow backateumuch less likely to do so.

Cancer is a genetic disease in that it is causedhégges in the genes that control the
ways cells function, especially in how they grovd alivide. Genetic changes that cause
cancer may be inherited or they may arise ovendividual’s lifetime as a result of errors
that occur as cells divide or because of dama@¥\lA caused by certain environmental
exposure, for example, industrial/commercial chatsiand ultraviolet light. The genetic
changes that may cause cancer tend to affect types of genes; namely proto-oncogenes
which are involved in normal cell growth and diwisj tumor suppressor genes which are
also involved in controlling cell growth and divsi, and DNA repair genes which, as the
name implies, are involved in repairing damaged DNA

More than one-hundred distinct types of cancer teen identified. The type of
cancer may be named for the organ or tissue whereancers arise, for example, lung
cancer, or the type of cell that formed them, faraple squamous cell cancer. Cancer,
unfortunately, is a leading cause of death bothénUnited States and world-wide.
According to the World Health Organization, the m@nof new cancer cases will rise to
twenty-five (25) million per year over the next t@ecades.

Lung cancer is one of the most common cancers tg&tagording to the World
Cancer Report 2014 from the World Health Organmgtiung cancer occurred in 14 million
people and resulted in 8.8 million deaths world-ayichaking it the most common cause of
cancer-related death in men and the second moshoamause of cancer-related death in
women. Lung cancer or lung carcinoma is a maligharg tumor that if left untreated can
metastasize into neighboring tissues and orgaresnidjority of lung cancer is caused by
long-term tobacco smoking; however, about 10 tpdisent of lung cancer cases are not
tobacco related. These non-tobacco cases are fitestcaused by a combination of genetic
factors and exposure to certain environmental ¢mmdi, including radon gas, asbestos,

second-hand tobacco smoke, other forms of air potiuand other agents. The chance of
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surviving lung cancer as well as other forms ofjlgancer depends on early detection and
treatment.

As set forth above, cancer may be caused by a catnn of genetic factors and
environmental factors. Accordingly, individuals lvé genetic predisposition towards cancer,
for example lung cancer, should preferably be nooed for exposure to environmental
factors that are known to cause or trigger thisefjertascade. Sensors or sensor arrays may
be adapted to detect analytes in the environmehabant individuals of the potential risk of
exposure as well as to detect analytes producearger cells for early detection. The
sensor array would preferably be portable and gondid to sample both analytes in the
environment and produced by individuals, for exanphalyze breath and/or other bodily
emissions. It would be desired to develop prototiwds could be based on patient pre-
disposition to lung cancer and would associate@pfate levels of environmental
monitoring and patient screening contingent up@nginetically determined pre-disposition

to lung cancer.

SUMMARY OF THE INVENTION

Accordingly, methods and apparatus to monitor therenment of genetically pre-
dispositioned patients and warn them to take acrerdisclosed herein. Additionally,
methods and apparatus to sense the emissionsjidgyfbiome and biometrics of the pre-
dispositioned patients are also disclosed. Patightsreceive a warning may take action
including additional periodic screenings, avoidiogations with the potential for undesired
exposure to levels of environmental agents whick beacorrelated with increased lung
cancer risk for pre-disposed patients. In some @kasnthe action that the patient takes may
include the donning of protective apparel such ask® with adsorbent material or filters.
The apparatus may sense the level of exposuresgfatient and record the results in a
database. In some examples, the Patient may weandhitoring apparatus to a doctor visit
with the data logged on the device. The historieabrd of exposure may be used by medical
professionals to determine the level of screeriget performed on the patient such as in a
non-limiting example computed tomography (CT) x-sagnning of the lungs of the patient.

In an example, a system for reducing a potensklaf obtaining cancer may be

formed comprising a number of pieces of appardtusome examples, the system may
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include a thermal cycler for performing genetic éifiqation, wherein the result of the
genetic amplification is used in determining a sgpe of DNA of a patient to determine
variation at target regions of a patient’s genoie system may include a first sensing
device wherein the first sensing device is insthilea location of the home of the patient.
The system may include a second sensing devicesimhigie second sensing device is
installed in a location of the work location of thatient. The system may include a
processing system, wherein the processing systeiorpes a first algorithm which processes
stored data originating from the first sensing devand originating from the second sensing
device and determines a status to a threshold, ketrein the threshold level is determined
based on a result of the determined variationrgetaegions of the patient’'s genome. In
some examples, a third sensing device may be assdavith the patient themselves, such as
a sensing apparatus attached to or incorporatedismartphone or other wearable device.
The system may also include a feedback device,eimére feedback device communicates
a signal to the patient based on the status taléren level. In alternative embodiments, the
system may be implemented as a stand-alone ocsel&ined device, such as a device that
may be worn or carried.

This composition of the system may have varioesilfiility in the nature of the
components. In an example, the system may includmples where the first sensing device
is a non-specific chemical sensor. In an exampkesystem may include examples where a
plurality of elements in the non-specific chemisahsor respond to an exposure to a
chemical in an environment surrounding the non-$ipezhemical sensor in a pattern of
responses which are correlated to a first chemsiestbected of being related to an increased
risk for developing lung cancer in the patient. stime examples, the monitoring
apparatus may comprise a plurality of non-specifiemical sensors which are connected to
a neural network for pattern recognition and catah in real time. In still further examples,
small deep-neural nets, which may comprise ae ki$l a half a megabyte of memory may be
used for an embedded system comprising a deeptmair® recognize the patterns of
chemical arrays in real time and detect multiplenponent systems.

In an example, the system may include examplesenterfirst chemical is radon. In
an example, the system may include examples whergrst chemical is bis(chloromethyl)

ether. In an example, the system may include exasnphere the first chemical is of a
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family of polycyclic aromatic hydrocarbons. In axaenple, the system may include
examples where the non-specific chemical sensopudesas a polymer film doped with
chemical species that modulate the absorbent grepef a surface of the polymer film. In
an example, the system may include examples wheredn-specific chemical sensor
comprises crystals whose natural oscillation freqyas modulated by absorbance of
materials onto surfaces or onto films applied tdasies of the crystal. In an example, the
system may include examples where the non-speatiBmical sensor detects biomarkers of
lung cancer in the breath of the patient.

In one embodiment, the system may include exanvghese the first sensing device
is a particulate sensing device. In an examplesyiseem may include examples where the
first sensing device senses at least a first bickb@gent. In an example, the system may
include examples where the biological ageMlygobacterium tuberculosis.

In another embodiment, the system may include elesrgaditionally comprising a
personal sensing device that senses the immedhait@ement surrounding the patient. In an
example, the personal sensing device senses réditya¢n an example, personal sensing
may include chemical exposure sensing. In an exatipt personal sensing may include
particulate exposure sensing. In an example, treopal sensing may include blood sensing.
In an example, the personal sensing may includgirsgiof a biometric. The biometric may
be inhalation rate or the patient’s pulse in soxsn®les.

In some embodiments, the personal sensor may be&etbwithin the patient’s lung.
This personal sensor may sense chemical markessntie examples, this personal sensor
may sense exposure to environmental chemical®ne other examples, this personal
sensor may sense radioactivity.

In some examples a system may be created for aegectorm of cancer where the
system include a means for obtaining genetic diagapatient to determine variation at target
locations of the patient’s genome, wherein theatamns are related to an increased risk of
having the form of cancer. The system may alsludeca first database record, wherein the
first database record contains records of fantilelth history. In some examples, the
database records of familial health history magyeamically updated. The system may
also include a second database record, wheresetwnd database record contains one or

more of a null dataset and a record of an envirattah@xposure of the patient. Hereto the
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database record of environmental exposure may bandigally updated based on data
obtained by the system as well as data communit¢atée: system over networks. The
system may include a first sensor system, wheharitst sensor system is configured to
sense biomarkers related to a cancer state, whaelniomarkers emanate from the user.
The system may also include a second sensor syateenein the second sensor system is
configured to sense the local environment of thex tr one or more of particulate matter
and chemical pollutants. These elements of thiesymay also be linked to an included
processing system. The processing system implanagteast one of: a first algorithm and a
second algorithm. The first algorithm may incladeexample which processes data from
the first sensor system to compare a first sengies) result to a threshold level, wherein
the threshold level is determined based on oneave of a result of the determined variation
at target locations of the patient's genome, prsiogsof data within the first database record,
and processing of data within the second dataleesed. The second algorithm may
process data from the second sensor to determim@emental conditions at the patient’s
location. The system may also include a feedbaekcd configured to communicate a
signal to the patient based on the results of mging by the processing system. Thus when
the system detects conditions of interest or conteea user a communication of the
conditions may be made with the user.

Implementations may include various methods. lexample, a method of reducing
a risk of acquiring lung cancer of a patient prpdsed to acquiring lung cancer may include
various steps. The method may include determiriegtedisposition of the patient to
acquiring lung cancer by analyzing the patient'saggee. The method may include installing
a first sensing device wherein the first sensingageis installed in a location of the home of
the patient. The method may include installing@sd sensing device wherein the second
sensing device is installed in a location of thekaocation of the patient; and the method
may include installing a processing system, whetfegprocessing system performs a first
algorithm which processes stored data originatioghfthe first sensing device and
originating from the second sensing device andro®tes a status to a threshold level,
wherein the threshold level is determined based @sult of the determined variation at
target regions of the patient’'s genome. The methay also include installing a feedback

device, wherein the feedback device communicasegral to the patient based on the status



10

15

20

25

30

to the alarm level. The method may include momitgia first environmental status at the
home of the patient with the first sensing devidee method may include monitoring a
second environmental status at the work locatiame@fatient with the second sensing
device. The method may include detecting a sigahfone or more of the first sensing
device or the second sensing device, wherein gmabkexceeds the threshold level. The
method may include communicating a signal to thteepabased on the detected signal. And,
the method may include taking an action to redheeskposure of the patient to one or more
of the first environmental status or the secondrenmental status. The various method
steps may include the various options as have thestribed in relationship to the system
previously.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantagisonvention will be apparent
from the following, more particular descriptionmeferred embodiments of the invention, as
illustrated in the accompanying drawings.

Fig. 1 illustrates an exemplary model of pre-disfas to lung cancer and exposure
to environmental agents and the combined effecth®@hance to develop lung cancer in
accordance with the present invention.

Fig. 2A illustrates exemplary environmental sendowation types in accordance
with the present invention.

Fig. 2B illustrates exemplary individual sensingdalities in accordance with the
present invention.

Fig. 3A illustrates an exemplary multichannel brepeéctrum sensing device in
accordance with the present invention.

Fig. 3B illustrates exemplary results that indivatlelements of a device from Fig. 3A
may produce upon exposure to environmental agerggsdordance with the present
invention.

Fig. 4 illustrates an exemplary particulate-sensiaegice in accordance with the
present invention.

Fig. 5A and 5B illustrate an exemplary colorimett&vice for sensing biological

agents in accordance with the present invention.
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Figs. 6A and 6B illustrate an exemplary sensingaefor biological agents in
accordance with the present invention.

Fig. 7A illustrates an exemplary spectral technifpregenerating an absorption
spectrum in accordance with the present invention.

Figs. 7B, 7C and 7D illustrate exemplary deviced thay be useful for performing
the technique of Fig. 7A in accordance with thesprg invention.

Figs. 8A-8E illustrate exemplary personal sensiegaks that may be useful for
detecting biomarkers of patients related to lungceain accordance with the present
invention.

Fig. 9 illustrates exemplary method steps that beyseful in treatment and
prevention of lung cancer in patients in accordamite the present invention.

Fig. 10 illustrates additional exemplary methogstthat may be useful in treatment
and prevention of lung cancer in patients in acance with the present invention.

Fig. 11 illustrates exemplary method steps that beayseful in treatment and

prevention of lung cancer in patients in accordamitle the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Although shown and described in what is believedegdhe most practical and
preferred embodiments, it is apparent that depastirom specific designs and methods
described and shown will suggest themselves tcetbkided in the art and may be used
without departing from the spirit and scope ofiteention. The present invention is not
restricted to the particular constructions descriaed illustrated, but should be constructed
to cohere with all modifications that may fall wittthe scope of the appended claims.

Methods of forming and using sensing elementsadgrbse and treat lung cancer
states and potentially delay or prevent their dgwelent are disclosed in this application. A
simplified model of the general nature of the asiian of lung cancer in a patient may be
that the likelihood of acquisition is a functionanf individual’s root propensity for a type of
lung cancer which intersects with an exposure teraiironmental contributor. Thus, there
may be examples of individuals who have a low pnsfig to obtaining a form of lung
cancer who are exposed to high levels of an enmsgtial contributor, such as a volatile

chemical, and never acquire a lung cancer. It sside that other individuals who have a
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high propensity to acquire a type of lung cancey get that lung cancer while seemingly
having nearly no exposure to particular environrakcontributors.

Advancements in chemical sensing technology and@nwmental sensing
technology, particularly advancements that havegonover the past decade and continue
today, when coupled with advances in genomic mapaird the understanding of genetic
contributions to various forms of lung cancer altfmwvnovel treatment methods which are

preventative, diagnostic and therapeutic.

Glossary
In the description and claims below, various temay be used for which the

following definitions will apply:

“Biocompatible” as used herein refers to a matenaevice that performs with an
appropriate host response in a specific applicafon example, a biocompatible device does
not have toxic or injurious effects on biologicgstems.

“Coating” as used herein refers to a deposit dien in thin forms. In some uses,
the term will refer to a thin deposit that substaht covers the surface of a substrate it is
formed upon. In other more specialized uses, time teay be used to describe small thin
deposits in smaller regions of the surface.

"Functionalized" as used herein refers to makitayar or device able to perform a

function including, for example, energization, aation, and/or control.

Genetic Predisposition to Lung Cancer and Envirartaldractors

Studies have shown that significant incidence cio@nce of lung cancer may be
modeled as an interaction between an individuaisegjc predisposition with the amount
and nature of that individual’'s exposure to varieasironmental factors. For example, one
of the largest current environmental factors reldatemany individual’s acquiring of lung
cancer is their smoking of tobacco products. Yegcadotal evidence is commonly known
that there are cases of individuals who smokectlargounts of tobacco products during
their lives but never acquired lung cancer as agihdividuals who never smoked
themselves but acquired lung cancer neverthelésselore, for some portions of acquired

lung cancer, a model 100 such as that depictedjirlFnay be apropos. As Fig.1 illustrates,
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an individual’'s chance of acquiring lung cancer rhayplotted as a line, for example, at an
illustrative 50% chance level 150 across dimensairexposure to environmental agents 130
versus an individual's propensity to develop luagaer 140. Where movement above the
line may increase the chance of lung cancer 110van@gment below the line may increase
chance of non-cancer 120. Thus, as developmeniamflledge about how genetic mutations
and inherited genetic anomalies may create presiigpo to lung cancer, strategies and
equipment may be developed which may allow indiglduo monitor their exposure to
various environmental agents. Thus, when a pasidnstory and makeup lead a physician to
perform genetic testing to assess his genetic gpedition, a patient may learn he has an
elevated or even a high level of “propensity” cegiisposition to acquisition of lung cancer.
In the model 100, a patient with an elevated ohlpgppensity will have a profile for his or
her chance of developing lung cancer as illustratetie right hand side of the chart. Thus, if
a patient can minimize or eliminate his or her estpe to important environmental agents,
that patient may significantly improve his chanoésot acquiring lung cancer. Thus,
investment into sensing equipment and the effocotatrol sensed exposures may create
significant improvements in outcomes.

There may be numerous variations in certain knogmeg that relate to the
determination of genetic propensity. However, Knewledge is ever improving, and the
spirit of the discussion herein is meant to embraberently flexible adoption of new
knowledge as it becomes developed. The same fligilmay be accorded to the
development of knowledge about important envirortiadesgents that may be important for a
patient with elevated or high propensity to avdidvertheless, there may be important
genetic variations that are currently suspectadasasing genetic propensity for lung
cancer. For example, one of the important are@goétic variation that has been focused
upon is polymorphic variation at genetic locatigpi5.33 (TERT/CLPTM1L), at genetic
location 6p21.33 (BAT3/MSH5) and at genetic locati®bg25.1
(CHRNAS5/CHRNA3/CHRNBA4) in patients of European bgakund. Additionally, single-
nucleotide polymorphisms (SNPs) at genetic loca?dgl2 (10,11) and the 15¢15.2 locus
containing the TP53-binding protein 1 gene havenl@ssociated with lung cancer risk. In
patients of Asian background there may be threéiaddl susceptibility regions of focus at
genetic locations 13q12.12, 22q12.2 (15) and 3488 Whereas tobacco smoking is the

10
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predominant risk factor for lung cancer, theresaeeral lines of evidence to suggest that
genetic susceptibility modulates this risk. Invgators working on the European Prospective
Investigation into Cancer and Nutrition (EPIC) hadentified several intriguing loci with
more common population frequencies. At the preioosentioned chromosome 15925, is a
locus that contains several nicotinic acetylcholeeeptors. Some results of these studies
have shown variants at the previously mentionecd38l a region containing the hTERT
and CLPTML1L genes3, hMSHS5 in the chromosome 6 Meffilon1, RAD52, and

CDNK2A4.

In a high proportion of these mentioned genetic éoe varients that also show
relevance to a particular histology (MHC, CDKN2AAB52, hTERT), which may suggest
that for lung cancer, histological subtype mayrbpartant. As mentioned, there may be
other genes and variations that are known or ykétknown that may be probed for with
genetic testing to assess an individual’s propgnsiaicquire lung cancer. Methods may
probe for these various genetic variations and, $emi-quantitative manner, the results may
be used to classify a patient’s risk profile intowerous strata, such as low, elevated and
high propensity for pre-disposition to lung candeany of the commercially and scientifically
viable means to determine genetic variation ingteg gene loci may be applied to samples
of genetic matter from patients to determine atireddevel of pre-disposition risk to lung
cancer.

A system related to the present invention may oheldevices that may measure or
monitor genomic data for disposition risk to lurancer. A sample from a patient may be
processed with a thermal cycler for performing gieremplification, wherein the result of
the genetic amplification is used in subsequemisster determining a sequence of DNA of a
patient to determine variation at target regiona phtient’s genome. Important regions to
screen for mutation may be assessed to deternmengsth

In similar models, devices which are used to moratpatient’s environment, such as
a smart phone equipped with monitoring devices, mayrn include an application which
performs the monitoring, and also includes a cdipyalbo access data across an internet
connection. In some examples, a patient may hadwaisied a sample of his genetic material
to a commercial organization who sequences vataagions of the patient’s genome and

records the results in a database. The applicatepnhave access to the data or may receive
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identification of genetic modifications of interdetthe application on the smart device,
which may alter or supplement its analysis condgibased upon the identified genetic
modifications. In some examples, the commerciahoization or another organizations
database may include aspects of an individual'slyamealth history. If the Patient activates
appropriate means of “opting-in” to receiving sdiaimily health and genomic history, the
smartphone application may also receive such datancentrating its analysis. In an
example, a record of a family member may indicate@urrence of a particular type of
cancer which population analysis may be correltdesensitivity to specific environmental
agents and conditions which may be monitored byrbaeitoring apparatus. Given a specific
sensitivity resources of the analytical device rbayprioritized and/or dedicated to the
analysis of the particular environmental agentardition.

Similarly, as depicted in the exemplary model af.Ri, there are numerous general
environmental aspects and agents that may be asswevith increased chance of acquisition
of lung cancer. As the knowledge of important genedriations to use to gage propensity
may be increased, the ability to identify evenHartimportant environmental agents may
increase as well. Currently, it may be widely atedghat tobacco smoke is an
environmental agent of acute importance to lungeathat may be important if the patient
is a primary smoker as well as an individual expdsesecond-hand smoke.

Other environmental agents may include exposuradon gas. Radon is produced
by the natural breakdown of uranium in soil, rookl avater that may eventually become part
of the air a patient may be exposed to. Radon jpadfcular importance because of its
prevalence in many areas of the world. For exanipleomes having basements, radon
contamination over a long period of time may posealth risk.

In some examples, asbestos and other fibrous siioataining compounds may be
important environmental agents to track. Other maltethat may be common in the
workplace include elemental compounds containisgrac, beryllium, cadmium, chromium
and nickel. Many of these environmental agentsbeacompounded in importance when

they occur in multiple types of exposure.
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Air pollutants related to the combustion of diemetl other fossil fuels as well as
other chemicals such as bis(chloromethyl) etherpaigcyclic aromatic hydrocarbons may
also be important environmental agents that inereiak of developing lung cancer.

In some examples, infectious agents such as tulosis may be important
environment agents of exposure which can incrdasettance of acquisition of lung cancer.

Exposure to small particulate matter of many dédfgrelemental compositions may
also be important environmental exposure risksateepts. This particulate matter, which
shows increased risk factors for lung cancer magupemarized into at least two buckets.
The PM2.5 (particulates found in the air whose &z25 microns or less) and PM10
(particulates found in air whose size is 10 micrtin2.5 microns) are measured parameters
that may be correlated to risk of lung cancer dgwelent. The risk factors may be similar for
different types of lung cancer such as squamousodladenocarcinoma, and the risk
factors may be modulated based on the life histbpatients relating to whether they are a
smoker, a past smoker or someone who has neversinok

There may be numerous agents within various typemoke that relate to risk of
lung cancer acquisition. Amongst the componentsagbus types of smokes, particulates
that are even finer than the micron scale may Beccaanoparticles and may be important
risk agents. The development of commercial prodwits engineered nanoparticles is an
emerging product type which may change aspectterkta occupational and personal
exposure over the coming decades. Numerous typeensbrs may be able to monitor for
particulates and for nano-scale particulates, dwidiscussed in later sections. A unique
feature of nanopatrticles is that they have a vanyd surface area to mass ratio. Thus, effects
of exposure to them might be more related to saréaea than mass.

Although there may be no epidemiological evidemoenfhuman studies which
conclusively demonstrates a lung cancer risk agoniwith nanoparticle exposure, early
evidence from experimental toxicity studies maygasj potential cause for concern. Thus,
methods of monitoring such materials for patients Wwigh pre-disposition to lung cancer

may be prudent.

Exemplary Sensing Devices
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As has been mentioned, it may be advantageousmdton air related to
environments that people, or in particular peoplh Wwigh predisposition to lung cancer,
may breathe. Referring to Fig. 2A a summary ofdifierent types of environments that may
be monitored is shown in exemplary form.

A person may spend an appreciable portion of tivae in residence 202. Thus,
various rooms may be equipped with various senstugpment such as particulate monitors,
specific chemical monitors, radioactivity monitstsch as for radon, biological sensors, and
broad-spectrum monitors that may be sensitive tmwa types of chemical and particulate
forms. These types of sensors are described in detaled form in subsequent sections.
Different rooms in a house may have one or motbede types of sensors located.
Bedrooms, kitchens, and living rooms may providsafdocations for sensing, but other
locations such as in the basement and/or garagell®agmerge in importance.

A person may spend time in their outside environr2€8. An outside environment
203 may include confined spaces that are not at@tor workplace and may, therefore,
include the interior space of an automobile forregke. As well, external environments such
as parks, walking paths, yards, decks and thenlikg be frequented locations where the air
quality may be important for patients with a pregaisition to lung cancer. Municipalities,
and state agencies may establish regional mongtatations for sensing of various kinds,
including particulate matter, and the chemical ratf air pollution. In some examples, the
real-time or near-real-time sensing output of smamitoring may be communicated via
delivery means such as the internet and wirelessramication. So-called “Smart Cities”
may have a plurality of sensors deployed in urlbeasawhere the sensors act as Internet of
Things (loT) devices which have a small power sewrbich may be rechargeable, the
sensing means, and a communication capabilitytesface with the internet or other
networks. In some examples, a method accordinige@tesent invention may include
apparatus and algorithms that access internettiited databases that contain quality
measure related to external air environments. €helts of a number of sensors, which may
be geographically separated on the scale of a hin@iag may none the less be used to
interpolate regionally averaged exposure estintatasvariety of environmental agents that
may be of concern to lung cancer patients or pitieith elevated or high pre-disposition to

lung cancer.
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Communications between a plurality of sensors neaglide to be formed into
different types of network topologies. In somerapées, a plurality of mostly stationary
sensors with communication capabilities may bengjed into wireless mesh networks. In
some examples, stationary network nodes may irttesiit wireless nodes to form a
complex network topology. The various distribugsethsors may be useful for monitoring
environmental conditions while at the same timeigaate in forming, amongst themselves,
robust fault tolerant networks where data commuitnacan be facilitated and made very
efficient. Thus a system of environmental monitgréensor systems, distributed to roughly
stationary and reasonably dense locations may éonmeshed network base that may support
other mobile nodes that enter into the mesh enmet. Thus patients who wear
monitoring devices that can link to the local enowimental sensing mesh network may be
able to link to the sensing systems while also jgliog data themselves. Systems distributed
amongst numerous patients/users may likewise jjEteor assemble with wireless mesh
form networks.

External environments that are themselves contaseth as automobiles, as
mentioned previously may have internal sensorsrttaatitor the quality of the air within the
contained environment. In some examples, automawéces may have smart devices
incorporated that may interface with the interrmed access information related to the
environmental air quality measured by sensing asvi¢he resulting database interpolations
may be used to plan and execute routing decismmgré-disposed patients as they are
transported from one place to another. In some pleanthey may be able to warn the
patient that the terminus of the planned routeageeted to be experiencing an increased
level of an environmental agent of interest. Sunfbrmation may be useful to change the
planned transportation. In some examples, thermtatiey be delivered to a terminus via an
internal parking garage for example. In other exas)ghe patient may not travel to the
terminus entirely. And, in other examples, thegratmay employ a number of air
purification strategies such as particulate fil@nsl chemical/absorbent material filters. In
still further examples, the estimated exposurédefgatient based on sensors in a closed
environment or regional sensor networks may beczssal in a database of the patient as an

accumulated exposure estimate. In some exampleiseddhat can track the geolocation of
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individuals as they move from place to place mauseful in providing improved accuracy
of regionally estimated exposures as a patient mitdweugh a region.

Referring again to Fig 2A, an individual’s placevadrk 204 may have monitoring
systems deployed for the purpose of monitoringaihgpace for all stakeholders at the
location, or in some examples to monitor the a@cgpfor individuals with elevated pre-
disposition to lung cancer. Buildings may be eqatpwith various sensing equipment such
as particulate monitors, specific chemical moniteagioactivity monitors such as for radon,
biological sensors, and broad-spectrum monitorsitia be sensitive to various types of
chemical and particulate forms. As well, in worlages there may be much higher likelihood
of exposure for certain types of materials sucblatite organic carbon gasses, many forms
of particulates and aerosolized metal containingmaunds. Sensors that have been trained
to detect the chemicals that are brought to thé&tarce or that are likely byproducts of
processes that are occurring in the work place lbeagpecifically installed.

In nearly all of these environments and any otktigas may be on the interface
between these types of environments, a patientemgjoy personalized sensing equipment
201. There may be numerous types of equipmenthtnat sensors included in them and are
associated with a user either by being a wearaneos such as a smart watch or by being
associated with an appliance that a user will terlceep with them such as a cell phone, as
non-limiting examples. Personal sensors may beppgdiwith various sensing equipment
such as particulate monitors, specific chemical itoosy radioactivity monitors such as for
radon, biological sensors, and broad-spectrum m@nihat may be sensitive to various types
of chemical and particulate forms. In some examp@eensing device may include a number
of these different sensing capabilities. In sonfepexamples, a plurality of devices may be
used to perform different sensing tasks. The paismed sensing equipment 201 may be
chosen or “trained” for non-specific sensing eqepto monitor the near environment of
the patient in a nearly real-time manner.

In some examples, the monitoring apparatus may deep plurality of non-specific
chemical sensors which are connected to a neutabriefor pattern recognition and
calculation in real time. Artificial neural netw@KANNS) or connectionist systems are
computing systems inspired by the biological nenedorks that constitute animal brains.

Such systems learn (progressively improve theiit@bio do tasks by considering examples,
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generally without task-specific programming. Foaexle, in image recognition, they might
learn to identify images that contain cats by arialy example images that have been
manually labeled as "cat" or "no cat" and usingahalytic results to identify cats in other
images. They have found most use in applicatiofi€ult to express with a traditional
computer algorithm using rule-based programmingeAral network as used herein, which
may also be called and artificial neural networlewimot involving biological neurons, is
based on a collection of connected units callaéficat neurons. The connections between
the connected units may be called synapses andcémelge used to transmit a signal from the
first neuron to another neuron. The receiving newan process the signal(s) and then signal
downstream neurons connected to it. Neurons mag tsate” defined. The state may be
represented by a value which may typically be regméed between 0 and 1. As learning
occurs with a system of synapses and neurons, gfghting factor that a neuron is given
may vary. By varying the weighting, the system adjust the strength of a signal that is
communicated downstream.

A deep neural network is an artificial neural netkvevith multiple hidden layers
between the input and output layers. Deep neutalarks can model complex non-linear
relationships which may relate to the signals tiwat-specific sensor arrays generate
particularly when combinations of analytes are @nés the environment. A deep neural
network may be used on arrays of sensors and neayecarchitectures which generate
models for the complex superposition of signalgratt for different combinations of
analytes which improve in accuracy over time oaff€. The extra layers of a deep neural
net may enable composition of features from lovagefs, potentially modeling complex
data with fewer units than a similarly performirigaBow neural network. In still further
examples, small deep-neural nets, which may compsdittle as a half a megabyte of
memory may be used for an embedded system congasieep-neural net to recognize the
patterns of chemical arrays in real time and detedtiple component systems in small form
factors that can be incorporated in portable sohewices or biomedical devices. A sensing
device with neural network processing componentg Ineetrained with standard mixtures of
analytes to create an accurate sensing devicentinatunction rapidly or may function in
real time.
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In some examples, the personalized sensing equif28émmay be connected to
devices capable of algorithmically processing tAmssociated with the sensing equipment.
The devices may be enabled with warning triggeeleesuch that when a sensing device
begins to see an elevated response to a monitax@demental agent it may communicate
to the user a need to take an action. The meat@mmunicate to the user may include any
standard communication protocol, including in a4ionting sense, an alarm, buzzer,
vibration or visual screen display which alert gagient to an environmental condition that
motivates him or her to take an action. The aatnay include evacuating the location or
wearing a piece of protective apparel as non-limgigxamples. In some examples, the
connected device may maintain a database whichdgtioe various sensor outputs along
with a time date stamp. The recorded data may geeggted in various manners that may
support decisions related to treatment of a patlardkome examples, evidence of elevated
exposure events or integrated exposure amountdioweior combinational exposures
(where more than one sensed exposure occurredtaimaalisly) may be used to elevate
screening protocols such a x-ray analysis, blooditoong or other such examples of
medically appropriate screening for patients withigh or elevated pre-disposition to lung

cancer.

Individual Sensing Examples

Referring to Fig. 2B, an exemplary illustrationmefmerous personalized sensing
equipment examples is depicted. Included in thistithtion are numerous devices that may
be used to sense exposure to environmental aderstsme other devices, the purpose may
be to monitor systems of the patient for evidentbiwthe body of focused environmental
agents, or metabolites of such focused environrhagents. In still further devices, the
purpose of some of the monitor systems may bertsesthe presence of biomarkers that may
be correlated to the presence of a lung canceasksstate.

Some of the devices may operate in a manner thainmdacate whether the patient
has been exposed to pathogens of interest. In-dmaimg sense, Tuberculosis may be an
example of a pathogen that has potential causgglggonships with lung cancer in some
infected individuals. Devices which can sense tlesgnce of exposure to Tuberculosis,

perhaps even before an infection has taken plageomaf import. In some other examples,
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biometric information that may be indicative oftate of infection such as temperature,
impaired or “noisy” breathing or other such metmeay be useful.

Still further devices may record biometric datat timay be used to connect the
physiological state of a patient during an exposwent. For example, pulse rate, breathing
rate, breathing volume, and blood pressure maysbtilbiometrics to understanding the
nature of uptake of an environmental agent thaiteept may be exposed to.

There may be numerous types of biomedical rela¢adisg techniques that may be
used individually or in combinations to perform sig of an individual consistent with the
present invention. Referring again to Figure 2Bummary of numerous exemplary types of
biomedical devices may be found. Various ophthalheicices 200, such as contact lenses,
intraocular devices, punctal plugs, and the likg parform various sensing functions
including analyzing analytes in the biofluids irethcular environment. Tear fluid may
contain chemicals and materials contributed froenktbdy of the individual, but they also are
significantly exposed to the environment of theividbial and may contain a historical
exposure record for a time period.

Contact lenses, 210 may also be used to readuadify results from sensing
devices that may be implanted into ocular tissue.

Implants into organs 205, may include brain immaheart implants, pacemakers,
and other implants that are implanted into orgdrie@user. These implants may be able to
directly sense or indirectly sense a user’s celligaue layer or a fluid contacting a user’s
cellular tissue layer. A specialized type is ddssli with reference to a lung implant 295 as is
discussed in greater detail subsequently.

In other examples, a biomedical sensing device Ieagn aural sensor 220. The aural
sensor 220 may indirectly sense a biometric su¢braperature as an infrared signal for
example. The aural sensor 220may also be ableatatifypiother biometrics such as blood
oxygenation, analyte and bio-organism sensing émer such sensing. They also may be
used to sense chemical emissions from the indiVasiavell as environmental chemicals and
materials in the space of the individual. Some l@tsiios may have potential diagnostic
relevance in the detection of insults and challsragethe biome of an individual in his or her

environment, or the biometrics may have diagnasievance to disease states.
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A dental sensor 230 may be used to sense a vafidifferent types of biometric
data. The sensor 230 may probe the fluids in takaavity for biomolecules and chemical
species from food, and the biological fluids aféetby environmental exposures of various
kinds. The sensor 230 may also probe for indirezasurements of various types including
in a non-limiting perspective pressures, tempeesiutows and sounds in the environment
that may be directly or indirectly related to bidnmes such as body temperatures, breathing
rates, durations, strengths and the like. In amlditihe dental sensor 230 may be utilized to
sense biometric data during both inhalation andaikation. Such a dental sensor may
comprise non-specific sensors with neural net basattol and/or analysis of data obtained
from the sensor. In some examples a chemical separmembrane may allow volatile
organic compounds to pass into a sensor while dixauaqueous based liquids. Polymers of
Intrinsic Microporosity (PIM-1) based membranes madth designed combinations of
block copolymers, which have micropores to allownpeation of gasses, may provide
examples. Other examples may include polymers witinsic porosity such as
polyacetylenes, fluorinated polymers, polynorboesgrand polyimides as examples.

Vascular port sensors 240 may be used to sensmigaspects within a blood
stream. Some examples may include neuronal proteiather hormones or antibodies that
may be expressed during early stages of lung camcemay be related to paraneoplastic
syndrome. Any sensing example that interacts waitili fluids that may contain these
neuronal proteins or other hormones or antibodiasrhay be expressed during the early
stages of lung cancer may operate in this manreesach examples are not meant to be
limited to vascular port sensors 240. Other exampfesensing with a vascular port sensor
240 may be oxygen monitoring or other chemical rtasimg. Other biometrics may be
monitored at a vascular port such as blood pressypalse as non-limiting examples.

Some biometric sensors may be wearable sensorf\2&8arable sensor 250 may
indirectly measure a variety of biometrics as vaslichemicals and materials in the
environment as well as those emitted by the indi&idA well-known example is the sweat
chloride assay for cystic fibrosis, a very seriturgy disease. In this assay, sweat is collected
from the individual and certain biomarkers aredddbr. More specifically, the cystic
fibrosis transmembrane conductance regul&@&iTR) gene located on the long arm of

chromosome 7 (7931.2) is examinbdsome examples, the sensing element may be
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independent of any body tissue or body fluid oaruSuch a sensing element may monitor
biometrics related to the user’s body as a whalgh@ chemical and particulate environment
of the individual. In some examples, such devicayg hmave geo-locating devices within
them that may contain a record of where the indiaidhas been over time. Such information
may be married with data in external databasesfén levels of exposures of individuals.
Other wearable sensors may directly or indireatlyse or probe a user’s cellular tissue layer
which may allow measurements of temperature, oxgtjem and chemical analysis of
perspiration as non-limiting examples. The wearablesors 250 may take the form of or be
incorporated into clothing or jewelry in some exadespIn other examples the wearable
sensors 250 may attach to clothing or jewelry.

Various examples of biometric sensors may be irmated into sub-cutaneous
sensors 260 where a surgical procedure may plagaaedical device with sensors beneath
a skin layer of a user. The sub-cutaneous sensbm2fy be sensitive with direct contact to
tissue layers or to interstitial fluids. The suliaseous sensor 260 may be able to analyze for
various analytes, for example, with techniques dlesd previously herein. Physical
parameters may also be measured such as tempepagsgure and other such physically
relevant biometric parameters.

Sensors may be incorporated into blood vesselasirgntestinal stents of various
kinds forming a stent sensor 270. The stent serZtirsnay therefore be able to perform
sensing of various chemical species. Stent se@3@rsncorporated within blood vessels may
be able to also characterize and measure physicaingters of various types. For example, a
blood vessel form of stent sensor 270 may be alhedasure pressures within the vessel
during heart pumping cycles for a physiologica#iervant determination of blood vessel
pressure. There may be numerous manners that qurelssure sensor could function with
small piezoelectric sensors, elastomeric sensat®trer such sensors. There may be
numerous physical parameters in addition to presthat may be monitored directly within
the blood stream. Chemicals including hormonesaas been mentioned previously that
may be relevant to a lung cancer state may be orexditas well.

A pill form biometric sensor, such as a swallowatile290 may be used to provide
biometric feedback and may sense simple chemicaldm-chemicals in an individual. In

some examples, the swallowable pill may incorpopai@maceutical components. In other
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examples, the swallowable pill 290 may simply contaometric sensors of various kinds.
The swallowable pill 290 may perform analyte measwents of the gastrointestinal fluids
that it incorporates. Furthermore, the pills magvle central core temperature
measurements as a non-limiting example of physnesglsurements that may be performed.
The rate of movement of the pill through the usdrgestive track may also provide
additional information of biometric relevance. bnge examples, analyte sensors may be
able to provide measurements related to dietargwaption and nutritional aspects. Since
inhaled chemicals and particulate matter traveits@snouth, throat and larynx, some record
of exposure may proceed through saliva into th&rgasestinal tract where such a sensor
may record their presence.

A bandage form sensor 280 may be used to perfasmdiric and environmental
sensing. In some examples, the bandage form s288anay be similar to a wearable sensor
250 and perform measurements upon chemicals iskiheenvironment including aspects of
perspiration as well as incident chemical and neltexposure analysis. The bandage form
sensor 280 may also perform physical measuremargeme special examples, the bandage
may be in the proximity of a wound of various kirafghe user, and the chemical and
physical measurements in the region may have aadiged purpose relating to healing. In
other examples, the bandage sensor 280 may béud fasm factor or environmentally
controlled region for the inclusion of an envirormted exposure sensor.

As stated above, a biometric sensor may be incatpdwithin a lung implant 295. A
lung implant may be made into the lung epitheigdue of a user in some examples where it
may have an active or passive (sensing) role. Bioergensors incorporated within the lung
implant 295 may allow for chemical and physical maning. In some examples, a lung
implant 295 may be used to sense biomarkers ofdanger types. In an alternative sense, a
lung implant 295 may give a means to monitor diyeehvironmental chemical, particulate
and other materials that have made their way tduthig tissue.

The biometric sensor types depicted in Fig. 2B negyesent exemplary types of
sensors that may be consistent with the preseattion. There may be numerous other
types of sensors that may be consistent with tesgmt invention however. Furthermore,
there may be examples of sensors that combine spalkthe functional aspects discussed

in relation to Fig. 2B which may be relevant. Tmegent invention is not meant to be limited

22



10

15

20

25

30

to those examples provided in Fig. 2B. It is impattto note that the various sensors are
illustrated at certain locations but may be at lmegation on the body depending on specific

application aspects.

Non-Specific Chemical and Material Sensors

A class of sensing devices has been developedwkitse the presence of chemicals
in non-specific ways. There may be a number of méamccomplish this sensing. In an
example, a set of shaped quartz crystals are coatedlifferent substances such as
polymers, monolayers of inorganic materials andogical antibodies as non-limiting
examples. These different substances will havaguerbonding aspect to molecules in their
environment. And in the case of antibodies, mayetaively specific to biological materials
with certain shapes. Molecules in the environméith@ sensor may adsorb onto the crystal
surface and find a binding site where they mayesdtiwn. The presence of many bonded
molecules on the surface layers of the crystal gadhe resonant frequency that the quartz
crystal will oscillate at. By forcing the quartzxsers into oscillation, the resonant frequency
shift of the crystal may be measured and physigatiples allow for a relative calculation
of the mass change of the crystal to be calcul®@éterent molecules may adhere to the
various coatings in different yet characteristiommers. The different characteristics allow
for a collection of different crystals to have dality to distinguish different molecules,
particularly when they have significantly differesttaracteristics across the different surface
types.

It is important to note that many different tyméshemical sensors are known. For
example, mass spectrometers and gas chromatogregphise adapted for use in accordance
with the present invention.

Referring to Fig. 3A, an exemplary collection lairty or more of the crystals
assembled into a “Chip” form 300 with electricahtacts to probe and measure frequency
difference of the crystals for different amountsabtorbance of materials from the gas phase
is illustrated. A common or ground connection 31&yrnonnect one side of a first crystal
321 which may have a second connection 320 to agebtrical signals across the first
crystal 321 to probe for its characteristics. Aogetcrystal 331 may use the common ground

connection 310 to electrically connect one sidthefcrystal and a second contact 330
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distinct to the second crystal to simultaneoustprd the characteristics of the second crystal
with exposure to an air sample.

When the “chip” 300 is to be used, it may be expgdsea means to desorb any
molecules from the surfaces of any of the crystalga. non-limiting example, the crystals
may be electrically heated to desorb the molecihesome examples, the sensing device
may comprise two sets of chips, where one is usath$orb and analyze gas samples and the
other may be closed off from sampling so that iyyipa heated to clear the sensing surfaces.
After the sensor cools down to an operating temperdhe sensor may begin to probe the
air environment and molecules may absorb onto ifferent crystal surfaces, and to register
different absorption signals with time. ReferrimgRig. 3B, a collection of exemplary
responses of the thirty-two different crystals degal in Fig. 3A may be displayed 350
showing the calculated rate of increase of masedoh of the different crystal types. The
exemplary first crystal type may have a first rafténcrease of mass depicted at 322 where
the second crystal may have the result depict832tThe results in Fig. 3B may indicate
that a number of different gaseous species atrdiffeconcentrations may be absorbing onto
the crystal array. In some examples as a deteatiay is utilized it may eventually be
“fouled” by materials that it is exposed to, whettiee intended analytes or other molecules
or species in the environment. Thus, there mayabeswhere single use apparatus may be
desirable. Therefore, analytic solutions may belémented in a variety of ways, including
as a disposable array of encapsulated sensorguoedi for one-time use or a disposable
array that may be cleaned after one or more uses.

The crystal array may have been “trained” on kneamncentrations of known gas
species to find the different responses for eadheflifferent sensors that can be stored into
a database. Algorithms may use these trained respda analyze dynamic responses of the
non-specific sensor to air samples and mathembtieslract the highest probability gases
that are present in the air. The technique may wegecially well for conditions where a
small number of the ambient gasses are changiagaiticular time or when there are only a
few gasses that are present.

In an exemplary sense, the mathematics of a canbimof sensors exposed to a
collection of gases may be depicted as followshécondition where the array of sensors

behaves with linear response curves and also deratessadditive response to analyte
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mixtures, then the response of a particular setesamixture ofn analytes may be modelled

as:

m
response = Z k=1

concentration(k) sensitivity(k), (1)

wherein concentration(k) represents the conceatrétionc”) of the K analyte and
sensitivity(k) represents the sensitivity(“Sen”)tbé K" analyte on the particular sensor site.
The combination of an array nfsensors leads to a system of linear equationsrthgatbe

represented as

sens(1,1) ...sens(1,n)
[response(1) ...response(n)] = [conc. (1) ...conc.(m)] X Pl .
sens(m, 1) ...sens(m,n)

(2)

The resulting equations may be used to extradtioakhips for expected concentrations of
the unknown number of analytes in the mixture. Bngntypes of analysis, a greater number
of sensors increases the accuracy of extractettgesspecially when the sensing elements
create significantly different responses acrosgtses that are present in the mixture. It may
also be true that the greater the number of gasteisample, the lower the accuracy of the
responses that may be calculated.

There may be a number of different types of senslaments that may be formulated
to create non-specific sensing arrays of large rermbf sensing elements. In some
examples, polymer based sensing elements may lmeisiyrdoped with different
compounds that tailor the surface of the polymdrawee different absorbent properties to
analytes. Large numbers of elements in small ayatjems may be formed with the
processing equipment of integrated circuits foséhg/pe of polymer based sensor. In some
examples, changes in dielectric constant or effedielectric thickness of sensors that may
occur when molecules bind to their surface maydmsed as changes in the capacitive nature
of the probe element. For example, nanosheet-dasdaffect biosensors may be utilized to
detect cancer marker proteins, Hereto, differemdibig to differently formulated surface
layers which may be coated with different materalsnay have “dopants” of various types
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implanted into the polymer sensing structures miagite different changes in the capacitive
nature of probe elements upon exposure.

Another type of sensing element, may be formedgusarbon nanotube tips. The
tips may be electrically connected to a voltage@®that ramps the tips to form electric
fields in the vicinity of the tips and characterthe breakdown characteristics of molecules
in the gas phase. There may be other types of sansys that may be formulated that
provide small low cost, reusable sensing modulasriay be used in the various
environmental sensing uses as have been descriéedysly. Some sensors of these types
may also be able to characterize particulate magteticularly nano-particulates present in a
gas sample.

Particulate and Dust Sensors

A patient with elevated or high pre-dispositioratmjuiring lung cancer may monitor
and control exposure to particulates in his ordmfironment. For some of the smallest
particulates such as nano-particulates, some afdhespecific chemical and material
sensors may be sensitive to the binding of sucl4panticulates to its surface and may be
able to detect their presence. Generally otherstgbeletectors may be used to detect levels
of particulates. Referring to Fig. 4, an exemplaayticulate monitoring apparatus is
illustrated. A light beam is directed to a flowaif 430 in a transparent tube 400 which
concentrates the air flow into a confined regioartieulates in the air flow such as
particulate 440 flow into the confinement regionaemna laser light beam 420 from a laser
light source 410 impinges on a particulate andadtered 470 by the particulate. When there
is no particulate in the beam path then the lighitpoceed through the transparent tube 400
and is absorbed by the beam stop 460. Thus, aiiytihat is scattered 470 will pass by the
beam stop 460 and on to a photodetector 450. Ie @xamples, the photodetector 450 will
have multiple isolated sensing regions which caardninate an arc of scattering angles
which may be used by the particulate sensor tonesti the relative size of the particulate
that is scattering the light since the scatterimgl@ may be a function of the size of the
particulate.

A light scattering particle counter may be fornmetd a small portable sensing device

that may be a wearable device. The largest enengsuenption of such a device may be the
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incorporation of a pumping system or other air feygtem which is needed to move the
various particulates through the sensing regionaReearable device, such a power source
may be provided by a battery.

In some examples, a light scattering particle ceuntay be fixedly mounted in a
particular location. The sensor may provide sedstat on an autonomous basis to databases
through internet connectivity. In some examplgsadicle sensor may be placed in a work
place near a patient with an elevated or high pgpesition to acquiring lung cancer. As
well, a particle sensor may also be placed withnome location.

When a wearable or fixedly mounted particle coudtgects an elevated level of
particulate matter it can sound an audible alamsome examples, the sensor may
communicate its sensing levels to servers throntgnet connections. Software algorithms
may be used to process the sensor data and inesangles may be able to ascertain a
location of a patient. If the patient is locatediiregion around a sensor during a detection of
elevated particulates, a communication may be nmdealevice of the user such as, in a non-
limiting sense, a cellular phone or smart phoneré-disposed patient may take protective
actions based on detection of elevated particlgatds in the air such as by the wearing of
protective apparel like filtering masks. In somamyples, a user may leave a location or
avoid going to a location when an elevated levglaticulate matters is detected. By taking
such actions, a pre-disposed patient may lower tuenulative exposure to environmental
agents which may in turn lower the risk level f@ acquiring lung cancer.

Detection levels which are correlated to a knowratmn of the patient may also be
communicated to databases which may store a re¢dhe:se exposure events. The
cumulative exposure values and the details of exosvents may be used by medical
professionals to motivate preventive actions siscbrdnanced screening of patients with

exposure to environmental agents.

Chemical Specific and Analytical Sensors

In some use environments, the use of chemicaifgpsensors or
sophisticated analytical sensors may be used exdettemicals known to be related to
increased risk of obtaining lung cancer. Some cbalhspecific sensors may use microfluidic

processing devices to perform chemical or elecgotbal sensing techniques to investigate
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air samples for the quantitative evaluation ofghsses present including specific gasses of
interest for increased risk to pre-disposed rigiepss. Chemically selective field effect
transistor based sensors may provide selectivemnsgpo the presence of selected chemicals
in gas or liquid samples. Electronic sensors baseithe field-effect transistor may provide
an efficient and potentially low cost sensor bésg inay be sensitive for various chemical
and biological analyte classes. A class of fiefé@ftransistors with active channels
comprising nanostructured semiconductors providesqularly sensitive and effective field
effect transistor-based electronic sensors. Vessi@sed on one-dimensional silicon
nanowires and carbon nanotube and two-dimensioaphgne and its derivatives are among
the most promising channel materials in electrepitsors. Absorbance of gas molecules
upon the channel regions of the field effect trsiasicreate reproducible shifts in the
conductivity of the channels of arrays of fieldesff transistors. The channels may be
functionalized by various treatments of the chamegion materials to chemical
transformations, physical transformations and itke A similar variation in gas sensing
devices may result from functionalized metal oxgdeniconductor (MOS) sensor arrays.
Conductometric semiconducting metal oxide gas gerigave been well studied and
characterized and constitute a desirable senserfoyghe inventive concepts herein. MOS
sensor arrays are desirable for gas sensing utrdespheric conditions due to the low cost
and flexibility in production as well as their sitigity in use. MOS sensor arrays have been
demonstrated to be able to sense large numbeet@dtdble gases in numerous possible
application fields. In addition to the conductivitiiange of gas-sensing material, the
detection of this reaction can be performed by meag the change of capacitance, work
function, mass, optical characteristics or reacéinargy released by the gas/solid interaction.
In some examples, an array of functionalized MO%aes in which the gate is modified /
treated / functionalized to have an affinity forteen molecules may operate to sense the
concentration of such adsorbed gas molecules layrtioelulation in the work function.

In some examples, more sophisticated chemical isgesjuipment may be used for
environmental sensing. Techniques such as gas ebtognaphy / mass spectrometry may
provide highly accurate and sensitive sensing pasofor a wide range of analytes. There
may be other techniques that provide analyticalltesvith relatively sophisticated testing

protocols such as in a non-limiting sense electotbal sensors which may sense analytes
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with voltammetry analysis, inductively couple plasatomic emission spectroscopy (ICP
_AAS) or mass spectroscopy (ICP_MS) for detectiometallic constituents, and various
spectroscopic technics such as gas chromatogragtaced spectroscopy (GC-IR) for
characterization particularly of volatile organ&rison compounds. In some of these
examples development activities for small form dactevices are ongoing, but generally
these sophisticated techniques may have relatiugher cost factors and may have larger
form factors for deployed sensing devices. Thedigal techniques may be particularly
suited for sensing of regional air quality, theutesof which may be shared with databases
and accessed by software algorithms to provide aamzation and warnings to predisposed
patients that are located in the vicinity of sudystem when it detects an elevated level of
chemicals. In some examples, there may be situsmtidrere dedicated chemical sensors that
are focused on limited or single chemical speciayg be used either to monitor
environments or to analyze samples of breath afti@mt. In some examples small infrared
based detectors may be configured to detect afgpspecies or a combination of specific
gases. The infrared signature of a specific spenasabsorb light at characteristic
frequencies and with relative absorption rates.déotain combinations of species, there may
be enough discreteness of the absorption spectiéot® for quantitative analysis of these
multiple species. Diffusion controlled electrocheatibased sensor are another example
where an analysis system can be configured tottamgeirate sensing of mostly single gas
systems. A combination of such specific sensors pnayide a means of accurately

analyzing for the presence of a specific combimatibgas species.

Biomarkers/Analytical Chemistry

A biomarker, or biological marker, generally refevsa measurable indicator of some
biological state or condition. The term is alsoastonally used to refer to a substance the
presence of which indicates the existence of agivarganism. Further, life forms are known
to shed unique chemicals, including DNA, into th@ieonment as evidence of their presence
in a particular location. Biomarkers are often nuead and evaluated to examine
normal biological processes, pathogenic processgmarmacologic responses to
a therapeutic intervention. In their totality, tadsomarkers may reveal vast amounts of
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information important to the prevention and treatbha disease and the maintenance of
health and wellness.

Biomedical devices configured to analyze biomarkeay be utilized to quickly and
accurately reveal one’s normal body functioning assess whether that person is
maintaining a healthy lifestyle or whether a changgy be required to avoid iliness or
disease. Biomedical devices may be configuredad emd analyze proteins, bacteria,
viruses, changes in temperature, changes in pHiloktes, electrolytes, and other such
analytes used in diagnostic medicine and analyticamistry. As used herein, techniques to
use biomedical devices to analyze biomarkers maysb#&il to monitor for changes in a
patient’s biome which may be indicative of earlyadvanced stages of the acquisition of
lung cancer. The techniques may also probe foptegence of an infectious agent
particularly of the lungs which may increase tharate of acquisition of lung cancer. As
mentioned previously some, of the non-specific sepsotocols and devices may be coated
with antibodies or other biological molecules thety allow for a signal change in the
sensing device when a pathogen comes in contactiwetdevice surface.

Fluorescence-Based Probe Elements for Analytalysis

Various types of analytes may be detected and arhlygieg fluorescence based
analysis techniques. A subset of these techniques malyénthe direct fluorescence
emission from the analyte itself. A more generic setdin@ues relate to fluorescence
probes that have constituents that bind to analyte moleantégn doing so alter a
fluorescence signature. For example, in Foérster Resenanergy Transfer (FRET),
probes are configured with a combination of two flutvaes that may be chemically
attached to interacting proteins. The distance of th@dlhores from each other may
affect the efficiency of a fluorescence signal eniagatherefrom.

One of the fluorophores may absorb an excitation irradiagignal and may
resonantly transfer the excitation to electronic states iotther fluorophore. The binding
of analytes to the attached interacting proteins may disierigeometry and cause a
change in the fluorescent emission from the pair afriphores. Binding sites may be
genetically programmed into the interacting proteins, anéxample, a binding site,

which is sensitive to glucose, may be programmed. In s@®es, the resulting site may
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be less sensitive or non-sensitive to other constituentdarstitial fluids of a desired
sample.

The binding of an analyte to the FRET probes may yidldaaescence signal that
is sensitive to glucose concentrations. In some exemplabodiments, the FRET-based
probes may be sensitive to as little as a 10 uM corateirof glucose and may be
sensitive to up to hundreds of micromolar concentratigasious FRET probes may be
genetically designed and formed. The resulting probeg lme configured into structures
that may assist analysis of interstitial fluids of a subiternatively, a sensing devices
may present a membrane to air which allows for the diffusf analytes through the
membrane and into a fluid layer containing the FRET gsoln array of differently tuned
FRET probes may provide flexible but specific sensing ldepfar a number of types of
analytes ranging from biological molecules to environmentdéoules of interest.

In some exemplary embodiments, the probes may bedlaithin a matrix of
material that is permeable to either interstitial fluidewlocated in a patient, or to the
fluids of the analytical device which surround the FRETbpso For example, different
FRET probes may be assembled into hydrogel structure®me exemplary
embodiments, these hydrogel probes may be includedhethydrogel based processing
of ophthalmic contact lenses in such a manner that tlagyreside in a hydrogel
encapsulation that is immersed in tear fluid when waonuhe eye. In other exemplary
embodiments, the probe may be inserted in the ocskards just above the sclera. A
hydrogel matrix comprising fluorescence emitting arebkgnsitive probes may be placed
in various locations that are in contact with bodily fluidstaining an analyte. Since the
eye is exposed to the environment, it may be possibke ¢ontact lens that is worn to
provide monitoring capability for the environment of the patién other examples, the
hydrogel with imbedded FRET probes may reside in acsetevice which contains the
necessary fluorescence light sources and detectorstoueaignals from the FRET
probes, which may be assembled in an array format.

In an example of an ophthalmic sensor within the bddypmre-disposed patient,
the fluorescence probes may be in contact with inteldfiti@ of the ocular region near
the sclera. In these cases, where the probes arevielyasmbedded, a sensing device

may provide a radiation signal incident upon the #scence probe from a location
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external to the eye such as from an ophthalmic lenshandheld device held in
proximity to the eye. FRET probes may be engineerée teensitive to proteins and
hormones that may be indicative of the growth of lungeaas has been previously
described.

In other exemplary embodiments, the probe may be @daokwithin an
ophthalmic lens in proximity to a fluorescence-sensingcgethat is also embedded
within the ophthalmic lens. In some exemplary embwhits, a hydrogel skirt may
encapsulate both an ophthalmic insert with a fluoresceetector as well as a FRET-
based analyte probe. Further enablement for the ful@oescence detectors in
biomedical devices may be found as set forth in UrBtedes Patent Application
14/011,902 filed August 28, 2013, which is incoqted herein by reference.

In some examples, a non-specific chemical detentor be fashioned based on
fluorescence based analysis. The analysis devigebmaonfigured to interact with
gaseous chemicals in the breath of patients. Whestted upon, a sensor plate which
may include dozens of different sensor “spots” magract with the various gases in the
patient’s breath. The test apparatus may then havkidrescence spectrum
characterized. Much like other non-characteristitsses, the probe may be “trained” to
obtain the unique spectral response for differeaty@es and then these characteristic
results may be assembled into a database that isruaedlyzing the overlap result.

In some examples, the absolute levels of analysform only one basis for
determining a concern. Alternatively, or in addittoncomparing measurements to a
predetermined or absolute threshold, a baselinthéohealthy patient may be
established and the detectors may be utilized to debenges from this baseline. A
change in measurements over time may signal thevoapp of a condition that will
inevitably exceed the threshold, and detection otithe dependent change may afford
earlier detection effectiveness. It is also posgsibht a spectrum of disease states and
concomitant analyte generation may vary dependintherexact state of disease. In
such cases, it may not be possible to determirereletely effective threshold action
value, thus the use of changes from a baseline Yatwgegiven individual may be an

effective method of detection and proactive treatment.
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Various types of non-specific sensors may be condid into an array which may
be used to sense ambient for chemical compositiariedly important type of ambient
that may be sensed from a health perspective mayedar¢lath of a patient. The breath
of a patient may contain a large array of differdrrical constituents including in
non-limiting examples 2-ethylhexanol, 3-methylhexah-ethyl-3-methyloctane,
acetone, ethanol, ethylacetate, ethylbenzene, ismmnsoprene, nonanal, styrene,
toluene, and undecane. For various diseases thveditels of these chemicals may
differ significantly. Detection of these constituteatsd an ability to monitor a portfolio
of the chemicals in a sample of a patients breathlmeaunderstanding of disease states
that may occur in patients. For example, studies Bhwgn that in the breath of patients
with lung cancer that the breath of these patientsacomsignificant levels of some of
these chemicals. In examples the chemicals typipagent may include: 2-
ethylhexanol; 3-methylhexane; ethanol; isononaneyreswy nonanal; styrene; and
toluene. Other important analytes may be preselatwer levels that these examples.

It has been demonstrated that a cancer-relatedegastor may be assembled
with a relatively small (about 50 millimeter diametercualar plate. On the plate are
sensitive spots to form a fluorescent cross-respersensor array. The sensor may
consist of a disposable array with dozens of chaltyicesponsive spots located around
the sensor edge. The spots may then be filled witereifit samples of sensitive
synthetic compounds. Interaction of such a fluoreseeross-responsive array with
specific analytes or volatile organic compound gasag cause the characteristic shifts
in fluorescence characteristics of the spots. By cotigd¢he fluorescent emission
spectrum of the sensor array before and after thetiom, a dataset may be obtained
which may be analyzed across a database of knoalgtas to determine the best fit set
of chemicals that can explain the shifts in the fiszence response of the dozens of test
sites. Probes based on these principles may be feshiato various form factors which
may interact with the breath of a patient.

Sensing Devices with Event Coloration Mechanism

Another method of detecting analytes may be a passloration scheme
wherein analytes may strictly bind to a reactive coumabresulting in a color change

which may indicate the presence of a specific aralyuch probes may be formulated
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into stand-alone sensing elements which use speotgdo detect changes in the
coloration scheme. In other examples, the coloratiay be detected as a signal that a
pre-disposed risk lung cancer patient may visuaky sethe following paragraphs
description of such a visual scheme in a contactwdreze the optic zone of the lens
may change color at least in a part is described. ytlmeanoted that the use of the
various coloration technology may alternatively b&pdised into portable sensors with
or without spectroscopic readout of various kinds #ire not worn on the eye.

In proceeding with an ophthalmic example, an event attor mechanism may
comprise a reactive mixture, which, for example, mapd@ed to, printed on, or
embedded in a rigid insert of an ophthalmic deviceh iscthrough thermoforming
techniques. Alternatively, the event coloration mechanrsy not require a rigid insert
but instead may be located on or within a hydrogeligyrtfor example, through use of
printing or injection techniques.

The event coloration mechanism may comprise a porti@rifid insert that is
reactive to some component of the transient tear fluidmescomponent within an
ophthalmic lens. For example, the event may be a speciéumulation of some
precipitant, such as, lipids or proteins, on either oh lloe rigid ophthalmic insert and a
hydrogel portion, depending on the composition of ghietisalmic lens. The
accumulation level may “activate” the event coloratiorchamism without requiring a
power source. The activation may be gradual whereicdloer becomes more visible as
the accumulation level increases, which may indicate vitniermphthalmic lens needs to
be cleaned or replaced.

Alternatively, the color may only be apparent at a spetgfiel. In some
embodiments, the activation may be reversible, for el@myhere the wearer effectively
removes the precipitant from the hydrogel portion or e insert. The event coloration
mechanism may be located outside the optic zone, whighalt@av for an annular
embodiment of the rigid insert. In other embodimeptsaticularly where the event may
prompt a wearer to take immediate action, the evdotatton mechanism may be located
within the optic zone, allowing the wearer to see thevaiitin of the event coloration
mechanism.
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In some other embodiments, the event coloration meahamey comprise a
reservoir containing a colored substance, for examplgeaPrior to the occurrence of the
event, the reservoir may not be visible. The resemaly be encapsulated with a
degradable material, which may be irreversibly degtdgesome constituent of the tear
fluid, including, for example, proteins or lipids. Once @eted, the colored substance
may be released into the ophthalmic lens or into a se@sedvoir. Such an embodiment
may indicate when a disposable ophthalmic lens shauldidposed of, for example,
based on a manufacturer's recommended parameters.

Proceeding to Figs. 5A and 5B, an exemplary embodimean ophthalmic lens
500 with multiple event coloration mechanisms 501-508 istihed. In some
embodiments, the event coloration mechanisms 501-508méycated within the soft,
hydrogel portion 510 of the ophthalmic lens 500 antside the optic zone 509.

Such embodiments may not require a rigid insert afisnmsert for functioning of
the event coloration mechanisms 501-508, though insestsstitidbe incorporated in the
ophthalmic lens 500 allowing for additional function&#i In some embodiments, each
event coloration mechanism 501-508 may be separategpsulated within the soft,
hydrogel portion 510 of the ophthalmic lens 500e Tontents of the event coloration
mechanisms 501-508 may include a compound reactive te sondition, such as
temperature, or component of tear fluid, such aomarker.

In some embodiments, each event coloration mechabgyb08 may “activate”
based on different events. For example, one eventatmormechanism 508 may
comprise liquid crystal that may react to change®mnperatures of the ocular
environment, wherein the event is a fever. Other ewelatration mechanisms 502-506
within the same ophthalmic lens 500 may react exijgc pathogens, for example, those
that may cause ocular infections or may be indicatfiu@oa-ocular infections or diseases,
such as keratitis, conjunctivitis, corneal ulcers, andited. Such pathogens may
include, for exampleMycobacterium tuberculosis, Acanthamoeba keratitis, Pseudomona
aeruginosa, Neisseria gonorrhoeae, andStaphylococcus and Streptococcus strains, such
asS. aureus. Some of these pathogens may be risk factors togrga with elevated or
high pre-disposition to acquisition of lung cancer, cdhreay be opportunistic infections

which may occur in the presence of a lung can@e diefore or after it is being treated.
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The event coloration mechanisms 501-507 may be euleapd with a compound
that may be selectively permeable to a componentaoffied. In some embodiments,
the event coloration mechanisms 502-506 may function ghutigation, such as through
a coagulase test, wherein a higher concentration ofdt®gen may adhere to a
compound within the event coloration mechanisms 502-B06n@ay cause clumping or
the formation of precipitate. The precipitate may prowid®eration or may react with
another compound in the event coloration mechanisms&862hrough a separate
reaction. Alternatively, the event coloration mechani®&®2-506 may comprise a reagent
that colors upon reaction, such as with some oxidase tes

As shown in cross section 520 in Fig. 5B, the evefdration mechanisms 522,
525 may be located in the periphery of the ophthalens without altering the optical
surface of the hydrogel portion 530. In some embodimenot shown, the event
coloration mechanisms may be located at least partiallyimibe optic zone 529,
alerting the wearer of the event. The locations of thates@oration mechanisms 522,
525 may be varied within a single ophthalmic lens 50€h) some in the periphery and
some within the optic zone 529.

Referring to Figs. 6A and 6B, an alternative exemplambodiment of an
ophthalmic lens 600 with an optic zone 601 and a ndit-apne 602 with event
coloration mechanisms 611-614, 621-624, and 631-684istrated. In some such
embodiments, the event mechanisms 611-614, 621a624631-634 may include a
reactive molecule 612-614, 622-624, and 632-634 otispéy, anchored within the
ophthalmic lens 600. The reactive molecule 612-&B2-634 may comprise a central
binding portion 613, 633 flanked by a quencher 6 B2, &d a coloration portion 614,
634, for example, a chromophore or fluorophore. Ddpey on the molecular structure,
when a specified compound binds to the binding portid) 633, the coloration portion
614, 634 may shift closer to the quencher 612, redusnhgration, or may shift away
from the quencher 632, which would increase coloratioother embodiments, the
reactive molecule 622-624 may comprise a binding portthfanked by Forster
resonance energy transfer pairs 622, 624. FRET §2#s624 may function similarly to
a quencher 612, 632 and chromophore (the coloratidiopp614, 634, though FRET

36



10

15

20

25

pairs 622, 624 may both exhibit coloration and, wherlasecproximity to each other,
their spectral overlap may cause a change in coloration.

The reactive molecule 612-614, 622-624, and 632-68y Ime selected to target
specific compounds within the tear fluid. In some embedits, the specific compound
may directly indicate the event. For example, wheleval of glucose in the tear fluid
is the event, the reactive molecule 612-614, 622-624688¢634 may directly bind
with the glucose. Where the event is the presencenmeatration of a pathogen, for
example, a particular aspect of that pathogen maywitidthe reactive molecule 612-
614, 622-624, and 632-634. This may include a uniqueé or protein component of
that pathogen. Alternatively, the specific compound &an indirect indicator of the
event. The specific compound may be a byproduct op#ttieogen, such as a particular
antibody that responds to that pathogen.

As illustrated in cross section in Fig. 6B, the placemémhe reactive molecules
660, 680 within the ophthalmic lens 650 may be varietliwithe hydrogel 652. For
example, some reactive molecules 680 may be entirgheiperiphery with no overlap
with the optic zone 651. Other reactive molecules 66( ahdeast partially extend into
the optic zone 651. In some such embodiments, thaweaunblecules 660 may extend
into the optic zone 651 in some configurations of thattree molecule 660, such as
when the event has occurred, which may alert the weétbe event.

Further enablement for the use of event detectobsoimedical devices may be
found as set forth in United States Patent Applicati®f899,528 filed May 21, 2013,

which is incorporated herein by reference.

Quantum-Dot Spectroscopy

Small spectroscopy devices may be of significant aidaatmg biomedical devices

with the capability of measuring and controlling concentratainsarious analytes for a user.
Current micro spectrometer designs mostly use intererélters and interferometric optics
to measure spectral responses of mixtures that contagmiatathat absorb light. In some
examples a spectrometer may be formed by creatingay @mposed of quantum-dots. A
spectrometer based on quantum-dot arrays may measighe spectrum based on the

wavelength multiplexing principle. The wavelength multiplexinggple may be
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accomplished when multiple spectral bands are encodkdetacted simultaneously with
one filter element and one detector element, respectivelyaifag format may allow the
process to be efficiently repeated many times usingrdiftdilters with different encoding
so that sufficient information is obtained to enable comatrial reconstruction of the target
spectrum. An example may be illustrated by consideaimgrray of light detectors such as
that found in a charge-coupled device (CCD) cameraafitag of light sensitive devices
may be useful to quantify the amount of light reachindngecticular detector element in the
CCD array. In a broadband spectrometer, a pluralitpesiones hundreds, of quantum-dot
based filter elements are deployed such that each filbersalight to pass from certain
spectral regions to one or a few CCD elements. An afrayndreds of such filters laid out
such that an illumination light passed through a sample nmged through the array of
Quantum Dot (referred to as QD) Filters and on tcspeetive set of CCD elements for the
QD filters. The simultaneous collection of spectrally endadiga may allow for a rapid
analysis of a sample.

Narrow band spectral analysis examples may be fobyeing a smaller number of
QD filters surrounding a narrow band. In Fig. 7A an illastn of how a spectral band may
be observed by a combination of two filters is illustratethay also be clear that the array
of hundreds of filters may be envisioned as a similacept to that in Fig. 7A repeated
many times.

In Fig. 7A, a first QD filter 780 may have an asstaziaspectral absorption response
as illustrated and indicated as ABS on the y-axis. A se@indilter 781 may have a shifted
spectral absorption associated with a different natutleeojluantum-dots included in the
filter, for example, the QDs may have a larger diametérerQD filter 781. The difference
curve of a flat irradiance of light of all wavelengths teHight) may result from the
difference of the absorption result from light that traes filter 781 and that traverses filter
780. Thus, the effect of irradiating through these twerSlis that the difference curve would
indicate spectral response in the depicted transmission/i&avhere the y-axis is labelled
Trans to indicate the response curve relates to trariemigsaracteristics. When an analyte
is introduced into the light path of the spectrometer, e/liee analyte has an absorption band
in the UV/Visible spectrum, and possibly in the infrared,rdsalt would be to modify the

transmission of light in that spectral band as showrpbgtsum 783. The difference from
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782 to 783 results in an absorption spectrum 784 foarthaéyte in the region defined by the
two quantum-dot filters. Therefore, a narrow spectrgdaese may be obtained by a small
number of filters. In some examples, redundant coeebgglifferent filter types of the same
spectral region may be employed to improve the signabisercharacteristics of the spectral
result.

The absorption filters based on QDs may include QBishthve quenching molecules
on their surfaces. These molecules may stop the QD éritting light after it absorbs
energy in appropriate frequency ranges. More genethiyQD filters may be formed from
nanocrystals with radii smaller than the bulk excitati@mBradius, which leads to quantum
confinement of electronic charges. The size of thetakisrelated to the constrained energy
states of the nanocrystal and generally decreasing thtalksjze has the effect of a stronger
confinement. This stronger confinement affects the eleictsiates in the quantum-dot and
results in an increase in the effective bandgap, wheshlts in shifting to the blue
wavelengths both of both optical absorption and fluorgsemission. There have been many
spectral limited sources defined for a wide array of urardots that may be available for
purchase or fabrication and may be incorporated into ldaralkedevices to act as filters. By
deploying slightly modified QDs such as by changing tBEs@ize, shape and compaosition
it may be possible to tune absorption spectra continyausl finely over wavelengths
ranging from deep ultraviolet to mid-infrared. QDs nadgo be printed into very fine

patterns.

Biomedical Devices with Quantum-Dot Spectrometers

Fig. 7B illustrates an exemplary QD spectrometer systearbiomedical device 700.
The illustration in Fig. 7B may utilize a passive approaadtottecting samples wherein a
sample fluid passively enters a channel 702. The ch&@@2eiay be internal to the
biomedical device 700 in some examples and in other drangs illustrated, the
biomedical device 700 may surround an external regionauiientrant cavity. In some
examples where the biomedical device 700 creates a dhadrfhed external to itself, the
device 700 may also contain a pore 760 to emit reageudiges to interact with the external
fluid in the channel region. Such biomedical devices beincluded in various types of

sensing locations including in a non-limiting sense, depialiances and implants, eating
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implements and the like. Specific probing devices, whicl raquire an overt testing
operation by the user, such as a probe in the shap®afjue depressor may also function
by being placed into the mouth of a patient who is predegdo the acquisition of lung
cancer and may sense the spectral characteristics ddtibat{s breath.

In a non-limiting sense, the passive sampling may berstmbd with reference to an
example where the biomedical device 700 may be a swallowdbl€he pill may comprise
regions that emit medicament 750 as well as regions thigzaraurrounding fluid such as
gastric fluid for the presence of an analyte, wherattayte may be the medicament, for
example, but also may be evidence of environmentaltagest the patient has been exposed
to that have made their way down the esophagus and entgatiric fluid. The pill may
contain controller 770 regions. An analysis region 708 amenprise a reentrant channel 702
within the biomedical pill device that allows external fluidossively flow in and out of the
channel. When an analyte, for example, in gastric fllifflyses or flows into the channel
702 it becomes located between the analysis regionas/68picted in Fig. 7B.

Referring now to Fig. 7C, once an analyte diffusestberwise enters the quantum-
dot spectrometer channel which shall be referred tbeashannel 702, a sample 730 may
pass in the emission portion of a quantum-dot (QD) emiitér The QD emitters 710 may
receive information from a QD emitter controller 712 insting the QD emitters 710 to emit
an output spectrum of light across the channel 702.

In some examples, the QD emitter 710 may act baseth@sien properties of the
guantum-dots. In other examples, the QD emitter may aeidban the absorption properties
of the quantum-dots. In the examples utilizing the emigsioperties of the quantum-dots,
these emissions may be photostimulated or electrically stietltn some examples of
photostimulation; energetic light in the violet to ultraviolet maybetted by a light source
and absorbed in the quantum-dots. The excitation in ben@y relax by emitting photons
of characteristic energies in a narrow band. As merdipneviously, the QDs may be
engineered for the emission to occur at selected fretgseatinterest.

In a similar set of examples, QDs may be formed irdetaf layers. The layers may
place the QDs between electrically active layers that magtdatectrons and holes into the
QDs. These excitations, due to the donations of electnodidroles may similarly stimulate

the QDs to emit characteristic photons of selected frequdimeyQD emitter 710 may be
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formed by inclusion of nanoscopic crystals, that funct®tha quantum-dots, where the
crystals may be controlled in their growth and materialahaused to form them before they
are included upon the emitter element.

In an alternative set of examples, where the QDs act absorption mode a
combination of a set of filters may be used to determsyeatral response in a region. This
mechanism is described in a prior section in referémégg. 7A. Combinations of QD
absorption elements may be used in analysis to selechsegf the spectrum for analysis.

In either of these types of emission examples, a spedflight frequencies may be
emitted by QD emitter 710 and may pass thru the sampleThgldsample 730 may absorb
light from some of the emitted frequencies if a chemioaktituent within the sample is
capable of absorbing these frequencies. The remairgggdncies that are not absorbed may
continue on to the detector element, where QD recei&&sray absorb the photons and
convert them to electrical signals. These electricaadggmay be converted to digital
information by a QD detector sensor 722. In some elesripe sensor 722 may be
connected to each of the QD receivers 720, or in @kemples the electrical signals may be
routed to centralized electrical circuits for the sensing. dibital data may be used in
analyzing the sample 730 based on pre-determineds/&du®D wavelength absorbance
values.

In Fig. 7D, the QD system is depicted in a manner wtiersample is passed in front
of spectral analysis elements that are spatially locates. Fiyand 7D depict such
movement as the difference between the locations ofthels 730 which has moved from
a first location 731 along the analysis region to the neation 732. In other examples the
QDs may be consolidated to act in a single multidot locatioer&the excitation means and
the sensing means are consolidated into single elememadbrfunction. Some biomedical
devices may have space limitations for a spectrometepresing more than a hundred
guantum-dot devices, but other biomedical devices mag handreds of quantum-dot
devices which allow for a full spectrographic charactéioneof analyte containing mixtures.

The QD analytical system may also function with microflukwices to react
samples containing analytes with reagents containing diesdyile molecules may react
with specific analytes. As mentioned previously, aanegle of such a binding may be the

FRET indicators. The dye molecules may have absorpaods in the ultraviolet and visible
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spectrum that are significantly strong, which may &akseeferred to as having high
extinction coefficients. Therefore, small amounts of @i@aar analyte may be selectively
bound to molecules that absorb significantly at a specgqliéncy, which may be focused
on by the QD analytical system. The enhanced sigrnthleoflye complex may allow for more
precise quantification of analyte concentration.

Although described in concert with a swallowable pill it maybeious how a
guantum dot spectroscopy device may represent a anthflexible spectroscopy apparatus
that may be incorporated into various sensing devicesvastdeen described in the

specification herein.

Exemplary Monitoring Paradigms

Referring now to Figs. 8A-8E, a number of exemptagans of deploying a
monitoring apparatus are illustrated. Some of the illustnaiegns have been discussed in
previous sections, but are brought here to illustrate ffeed characteristics of personal
monitoring that may have relevance to the monitoring aiteept who has an elevated or
high propensity of acquiring lung cancer. The lungs bmgistinct because they have such a
significant surface area that is in contact with externabaiar internal organ. The risks of
environmental exposures in general may relate to thesexpof an agent in the
environment to an individual where the agent is inhaledthr@dung tissue of the
predisposed patient. Thus, it may be advantageousite densing modalities that interact
in easy ways with the potential exposure of the patieigtitiportant to understand that
routine household chores, for example cleaning, asasatiore involved work around the
house, for example, carpentry and dry walling, mayg&atindividual with a genetic
predisposition at risk. Household cleaners, dust, drywatippund and sawdust are amongst
the materials that may potentially cause a problem.

For example, a first modality may be to associate asgulgvice with an electronic
means that may have computational abilities, may have comation capabilities and
desirably may interact with the air proximate to the madith patient. A cell phone 810 in
Fig. 8A may provide an excellent example of such amegips. In normal operation, a cell
phone is frequently held to a user’s mouth as hé@ispeaks into the phone. Sensing

equipment may therefore sense the breath of the usrma examples, the sensing
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equipment may monitor the air in its vicinity and therefdue to its frequent proximity to a
user’'s mouth it will frequently monitor the air in extrdgneelevant manners. The cell phone
810 may include various sensing devices that may heptre phone, or may be connected
to the phone as a case or an attachment. The cell phbrads® is an ideal means to deliver
various communication to a user. Through cellular, wisg|Btuetooth or other
communication means if enabled, the cell phone can eoe@ssages and communicate
them via video screens, vibrational transducers, and apdakers as non-limiting examples.

A second exemplary modality may be illustrated in BB.as a dental appliance 820.
The dental appliance may be a brace or bridge thatmajyaced into the mouth or reside in
the mouth. In other examples, an oral appliance may iaaladous sensing devices that
may sense the breath of a user, the saliva of aardeoth. As has been discussed each may
contain chemicals and patrticles that are in the environrresbme examples, chemicals and
gasses may be released by the user’s body which m&gate a status related to lung cancer.

A third exemplary modality may be illustrated in Fig. 8Ceating appliances 830. In
some examples, implements that are used for eating magénsensors to sense the breath
of an individual who is using them. In some examples stidiva of the user may also be
sensed by the eating appliances 830 such as a fork,gadfer spoon.

A fourth exemplary modality for personal monitoring niegyillustrated in Fig 8D as
a wrist based sensor 840 such as a smart watchedectronic bracelet. The wrist based
sensor 840 may include a device that may monitor thia &8 vicinity. The wrist based
sensor 840 may include various sensing devices thabmpgrt of a smart watch, or may be
connected to the watch as a case or an attachment. Inresameles, the wrist based sensor
840 may be a bracelet that includes sensing deviceswiibt based sensor 840 also may be
an ideal means to deliver various communication to a tiseough cellular, wireless,
Bluetooth or other communication means if enabled, the smadch can receive messages
and communicate them via video screens, vibrational tuaess, and audio speakers as non-
limiting examples.

A fifth exemplary modality for personal sensing may be titated in Fig. 8E as a
sensor-enabled sanitary device 850 such as a toiletpeglnpith sensors. In excrement from
a user there may be numerous chemicals that may indidetease state such as lung

cancer. A sanitary device may be able to facilitate theisitign of samples that may be
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analyzed. In some examples, a personal device of #resush as a smart phone or a smart
watch may communicate with the sensor enabled sanigmged850 and communicate
information identifying the user with any sample obtainedeOs$lanitary sensors may
include sanitary napkins, tampons and adult diapers.

There may be many other types of personal sensinglitiesiéhat may allow for the
sensing of either user proximate environmental conditoradternatively user biomedical
status. The examples discussed are not meant to limit thesithvof different manners and
methods under which sensing may occur. The resutteeaensing may provide important

information for users with pre-disposition to the acquisitiotlunfy cancer.

Methods

There are numerous methods by which specialized stawmology may be
deployed to assist patients with elevated or high pre-disposdithe acquisition of lung
cancer in following practices which reduce the chaneerttiividual has for acquiring lung
cancer by lowering his or her exposure to environni@gtants. Referring to Fig. 9, a first
example of such methodology is illustrated. At 910, a patiaytimave a sample of their
genetic material taken and submitted for analysis. Imefuthe examples set forth above as
well as those identified in the future, there may be nuuosegenetic locations where
variations may be analyzed and used to determine a genapiensity of the patient to
develop lung cancer as shown in step 920. In some@ganmt may be determined at step
930 that the patient does not have an elevated or hogiepsity to develop lung cancer as is
depicted at step 931. In other examples, the patient mmgeydn elevated or high propensity
to develop lung cancer as illustrated at step 940. For gammnts, a prudent step illustrated
at step 950 may include monitoring of the environment@fpiditient with one or more of
personal monitoring devices, home monitoring devices at# monitoring devices as the
many examples discussed herein has depicted. In exameples, as illustrated in the
optional step 960, the patient who is predisposed maywppaEg with a geolocation device
which may determine his or her location along with accunaie and date stamps in a
database. The location and time data may be married \high databases such as databases
of “Smart Cities” where cities deploy a myriad of sensoitheir neighborhoods and pass

that information into large city related databases. Envirotetheansing is an important type
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of data that is being sensed in current operations. Thayebe numerous agencies and
organizations that sense the environment of specific locadimhshen store the analysis
results. Under free or fee-based models the data magdessed by applications that the
lung patient may have access to. Based on the systmers or on the marriage of location
and time state data with environmental databases, a stltsvafed exposure may be
detected by algorithms running in applications of the udestep 970, the patient may
receive a warning that is communicated to him or her bgltgeithm. The warning may
indicate to the user that an environmental agent has besstatkin an abundant level and
may suggest actions that the user may take. At step 98@se¢henay take one or more of the
actions to ameliorate the exposure to the environmental agrestsne examples, the patient
may exit the area of the sensed elevated level of ema@ntal agents. In some other
examples, the patient may use protective apparel to $hieldr herself from exposure, for
example, a simple surgical mask. At step 990, becaesgdatient may have been exposed to
an elevated level of an environmental agent which maubpected to increase the potential
of the patient to acquiring lung cancer, he or she magdmified as a patient where
increased medical scanning and monitoring for deleteridastgfof the historic exposures of
the patient to the environmental agents is performed preéctin addition to monitoring,

the patient may be given some form of treatment to tresdrse the damage if possible, or
protect the patient from potential future harm. Even waitieliorative treatment, the
measurements of exposure may still guide for an enbdanoaitoring scheme for
development of cancer which may include medical imagingjestuand genetic monitoring
for mutation events, as well as standard monitoring for aterspecies in the breath of the
patient at frequent intervals.

In some examples, it may be possible to stratify thepasé&ntial of a patient with
some level of genetic variation related to the developmeigfcancer into more levels
than just high when there is evidence of variation andwen there is not. There may be
some “grey” levels which may be indicated by the presehcertain types of variation or
based on the number of sites which show variation as@ea. There may be some different
methodology for patients with elevated but not high levelssi&fpotential.

Referring to Fig. 10, an example of different methodglelated to patients at

genetically elevated risk of developing lung cancer whezeisk is stratified into an
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intermediate risk level. In the example of Fig. 10, whemgared to that of Fig. 9, the level
of monitoring may be modified as a non-limiting exampléaféas a high risk patient may
have monitors associated with work, home and persone¢ sizawell as geolocation based
tracking and risk interpolation, an elevated risk patient amy have his workspace and
home monitored as non-limiting examples.

Referring to Fig. 10, at 1010, a patient may have gkaaf their genetic material
taken and submitted for analysis. Given the rapidly idgweg and evolving understanding
of the genetic correlation with lung cancer risk, the nawimig/alert devices in accordance
with the present invention may comprise update mecharsgofsthat any new screening
criteria and/or processes may be directly uploaded orvaigemade available to the
monitoring/alert devices of the present invention. Ins@xamples, portions of the hardware
of monitoring/alert devices may be updated in a similanmeaas the software updates or in
addition to the software updates to bring the monitorind/divices in line with newly
developed understanding.

Including the examples set forth above as well as thesgified in the future, there
may be numerous genetic locations where variations mayalyzed and used to determine
a genetic propensity of the patient to develop lung caasehown in step 1020. In some
examples, it may be determined at step 1030 that the patienhdblave even an elevated
propensity to develop lung cancer as is depicted atlfigp. In other examples, the patient
may have just an elevated propensity to develop lung casdbustrated at step 1040. For
these patients, a prudent step illustrated at step 1050 nhagiermaonitoring of the
environment of the patient with one or more of home manigadevices and work
monitoring devices as the many examples discussechesidescribed. It may be
determined that the generalized sensing of the extern@mbement is sufficient with home
and work monitoring devices and therefore that correlab@nvironmental databases is not
necessary.

At step 1060, the patient may receive a warning that is aoniwated to him or her
by the algorithm. The warning may indicate to the userahanvironmental agent has been
detected in an abundant level and may suggest actidrih¢haser may take. At step 1070,
the user may take one or more of the actions to amelitv@xposure to the environmental

agents. In some examples, the patient may exit the atka sensed elevated level of
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environmental agents. In some other examples, the patenuse protective apparel to
shield him or herself from exposure. At step 1080, becthes patient may have been
exposed to an elevated level of an environmental agenhwiay be suspected to increase
the potential of the patient to acquiring lung cancer, l#hemay be identified as a patient
where increased medical scanning and monitoring for deleteeffects of the historic
exposures of the patient to the environmental agentsferped proactively.

There may also be methods with use genetic assessnuivetononitoring of an
individual for the presence of biomarkers that may indieatéy stages or general
occurrence of lung cancer. Referring to Fig. 11,»xan®le of methodology related to
detecting genetic propensity and then routinely monitorigh br elevated risk patients for
the presence of analytes indicating advancement aisbs®eferring to Fig. 11, at 1110, a
patient may have a sample of their genetic material takesubrditted for analysis.
Including the examples set forth above as well as thoséfidd in the future, there may be
numerous genetic locations where variations may be ambiymk used to determine a
genetic propensity of the patient to develop lung caaseshown in step 1120. In some
examples, it may be determined at step 1130 that the patienhdblave a high or elevated
propensity to develop lung cancer as is depicted atldtgp. In other examples, the patient
may have a high or elevated propensity to develop langer as illustrated at step 1140. For
these patients, a prudent step illustrated at step 1150 nhagérmaonitoring one or more of
the breath, saliva and lung tissue of the patient with on@ooe types of monitoring devices
for the analysis of the presence of biomarkers of barger.

At step 1160, in some cases sensors may detect potdatiated levels of
biomarkers and the patient may receive a warning tltanmsnmunicated to him or her by a
monitoring systems which interfaces the various sensaeswBrning may indicate to the
user that biomarker may have been detected in antetelevel and may suggest actions that
the user may take. At step 1170, because the patienhanayindication via certain
biomarkers that may indicate that the high or elevatedgmsity patient’s tissues are
undergoing changes consistent with lung cancer, heeomsgly be identified as a patient
where increased medical scanning and monitoring for deleteeffects of the historic
exposures of the patient to the environmental agentsferped proactively.

a7



Although shown and described is what is believed tinéenost practical and
preferred embodiments, it is apparent that departuresdpatific designs and methods
described and shown will suggest themselves to those skilted art and may be used
without departing from the spirit and scope of the inventidhe present invention is not
restricted to the particular constructions describedlarstrated, but should be constructed

to cohere with all modifications that may fall within the scopé&e appended claims.
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WHAT ISCLAIMED IS

1. A system for detecting a form of cancer, the system csmg:
a means for obtaining genetic data of a patient taméte variation at target locations
of the patient's genome, wherein the variations are cetatan increased risk of having
the form of cancer;

a first database record, wherein the first database reoatdins records of
familial health history;

a second database record, wherein the second databas# contains one or
more of a null dataset and a record of an environmenpalsexe of the patient;

a first sensor system, wherein the first sensor syst@onfigured to sense
biomarkers related to a cancer state, wherein theasl@rs emanate from the user;

a second sensor system, wherein the second sessamsyg configured to sense
the local environment of the user for one or more diqdate matter and chemical
pollutants;

a processing system implementing at least one of:

a first algorithm which processes data from the firsssesystem to compare a

first sensor system result to a threshold level, wheharthreshold level is

determined based on one or more of:
i) a result of the determined variation at target locationseof t
patient’'s genome,
i) the first database record, and
i) the second database record.

and a second algorithm which processes data fronettumnd sensor to determine

environmental conditions at the patient’s location; and
a feedback device configured to communicate a sigrthktpatient based on the results
of processing by the processing system.

2. The system of claim 1 wherein the first sensor systenmaaspecific chemical sensor.
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10.

11.

12.

13.

The system of claim 1 wherein the second sensor systamon-specific chemical

Sensor.

The system of claim 3 wherein a plurality of elements imthre-specific chemical sensor
respond to an exposure to a chemical in an environrueniusding the non-specific
chemical sensor in a pattern of responses whichcarelated to a first chemical

suspected of being related to an increased risk for aj@wnel lung cancer in the patient.

The system of claim 4 wherein the first chemical is radon.

The system of claim 4 wherein the first chemical is bisfomethyl) ether.

The system of claim 4 wherein the first chemical is afraily of polycyclic aromatic
hydrocarbons.

The system of claim 3 wherein the non-specific chemmasa@r comprises a polymer
film doped with chemical species that modulate the &lesdiproperties of a surface of

the polymer film.

The system of claim 3 wherein the non-specific chemmasar comprises crystals
whose natural oscillation frequency is modulated by alaswdo of materials onto

surfaces or onto films applied to surfaces of the crysta

The system of claim 1 wherein the first sensor systdectiebiomarkers of lung cancer
in the breath of the patient.

The system of claim 1 wherein the second sensor systamarticulate sensing device.

The system of claim 1 wherein the second sensor systages at least a first biological

agent.

The system of claim 12 wherein the biological ageMysobacterium tuberculosis.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The system of claim 1 further comprising a stationaryiagrsy/stem that senses the

work environment surrounding the patient while they argaak.

The system of claim 14 wherein the stationary sensirngrsysenses radioactivity.

The system of claim 14 wherein the stationary sensingps@mcludes chemical exposure

sensing.

The system of claim 14 wherein the stationary sensingmsysicludes particulate

exposure sensing.

The system of claim 14 wherein the stationary sensirtgmsysicludes blood sensing.

The system of claim 14 wherein the stationary sensirtgsysicludes sensing of a
biometric.

The system of claim 19 wherein the biometric is inhalatabe.

The system of claim 19 wherein the biometric is the pasignise.

The system of claim 1 wherein the first sensor systemshatated within the patient’s
lung.
The system of claim 1 wherein the first sensor systemshatated within the patient’s

lung senses chemical markers.

The system of claim 1 wherein the first sensor systemshatated within the patient’s

lung senses exposure to environmental chemicals.
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25.

26.

The system of claim 1 wherein at least one of the first@esystem and the second
sensor system configures its wireless communicationseateinito a mesh network

topology with other regionally distributed sensor systems.

A method of reducing a risk of acquiring lung cancea phtient predisposed to
acquiring lung cancer, the method comprising:

determining the predisposition of the patient to acquiring karnger by
analyzing the patient’'s genome;

determining the predisposition of the patient to acquiring karnger by
analyzing the patient’s family history;

determining the predisposition of the patient to acquiring karnger by
analyzing the patient’s environment exposure history;

activating a first sensor system, wherein the first sesy®iem is configured to
sense biomarkers related to a cancer state, and whiseddromarkers emanate from the
user,;

activating a second sensor system, wherein the secosor sgistem is
configured to sense the local environment of the usesrfe or more of particulate
matter and chemical pollutants;

activating a processing system, wherein the processingrspstidorms a first
algorithm which processes stored data originating fitoarfitst sensor system and
originating from the second sensor system and detesmaiséatus to a threshold level,
wherein the threshold level is determined at least in pagdan the analysis of the
patient’s genome;

activating a feedback device, wherein the feedback dewioentinicates a signal
to the patient based on the status to the alarm level,
monitoring a first environmental status surrounding the patweh the second sensing
system;

monitoring a biomarker emanating from the patient with de®sd sensing

device;
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27.

28.

29.

30.

31.

32.

33.

detecting a result from one or more of the first seegstem or the second sensor
system, wherein the result exceeds the threshold level;

communicating a signal to the patient based on the deteseld, and

taking an action to reduce the exposure of the patiesri¢cmr more of the first

environmental status or the second environmental status.

The method according to claim 26 wherein the seconslosesystem is a non-specific
chemical sensor.

The method according to claim 27 wherein a pluralitglements in the non-specific
chemical sensor respond to an exposure to a chemi@alenvironment surrounding the
non-specific chemical sensor in a pattern of respowddch are correlated to a first
chemical suspected of being related to an increasletor developing lung cancer in the

patient.

The method according to claim 28 wherein the first chahiscasbestos.

The method according to claim 28 wherein the first chahiscbis(chloromethyl) ether.

The method according to claim 28 wherein the first chahmscof a family of polycyclic

aromatic hydrocarbons.

The method according to claim 27 wherein the non-spegiemical sensor comprises a
polymer film doped with chemical species that modulategliserbent properties of a

surface of the polymer film.
The method according to claim 27 wherein the non-spesiemical sensor comprises

crystals whose natural oscillation frequency is modulateablsgrbance of materials onto

surfaces or onto films applied to surfaces of the crysta
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The method according to claim 26 wherein the seconsosesystem comprises a

particulate sensing device.

The method according to claim 26 wherein the seconslsesystem senses at least a first

biological agent.

The method according to claim 35 wherein the biologicahagMycobacterium
tuberculosis.

The method according to claim 26 further comprising instath stationary sensor

system that senses the environment of the workplace pathent.

The method according to claim 37 wherein the statiosangor system senses

radioactivity.

The method according to claim 37 wherein the statiosangor system includes

chemical exposure sensing.

The method according to claim 37 wherein the statiosangor system includes

particulate exposure sensing.

The method according to claim 37 wherein the statiosamgor system includes blood

sensing.

The method according to claim 37 wherein the statiosamgor system includes sensing

of a biometric.

The method according to claim 42 wherein the biometiithialation rate.

The method according to claim 42 wherein the biometiicagatient’s pulse.
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45,

46.

A system for reducing a potential risk of obtaining cancerststem comprising:

a means for obtaining genetic data of a patient tamete variation at target
locations of the patient’s genome, wherein the variationsetated to an increased risk
of having the form of cancer;

a first sensing device wherein the first sensing devigestalled in a location of the
home of the patient;

a second sensing device wherein the second sensiiog deinstalled in a location of the
work location of the patient;

a processing system, wherein the processing systemmsréofirst algorithm
which processes stored data originating from the finssisig device and originating from
the second sensing device and determines a status &shdlarlevel, wherein the
threshold level is determined based on a result of tteerdmed variation at target
regions of the patient’'s genome; and

a feedback device, wherein the feedback device concates a signal to the

patient based on the status to the alarm level.

A system for detecting a form of cancer, the system csing:

a means for obtaining genetic data of a patient taméte variation at target
locations of the patient’s genome, wherein the variationsedated to an increased risk
of having the form of cancer;

a first database record, wherein the first database reoatdins records of
familial health history;

a second database record, wherein the second databas® contains one or
more of a null dataset and a record of an environmenpalsexe of the patient;

a first sensor system, wherein the first sensor sys@onfigured to sense biomarkers
related to a cancer state, wherein the biomarkers emaoatétfe user;

a second sensor system, wherein the second sessemsg configured to sense
the local environment of the user for one or more diqdate matter and chemical
pollutants;

a processing system implementing at least one of:
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a first algorithm which processes data from the first@esygstem to compare a
first sensor system result to a threshold level, whehsarthreshold level is
determined based on one or more of:
i) a result of the determined variation at target locationseof t
patient’'s genome,
i) the first database record, and
iii) the second database record,;
and a second algorithm which processes data frometiend sensor to determine
environmental conditions at the patient’s location;
wherein the first sensor system comprises a local neetabrk processing device; and
a feedback device configured to communicate a sigrthktpatient based on the results

of processing by the processing system.
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