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Description
Title of Invention: DIGITAL APPARATUS AND APPLICATION
FOR CANCER CACHEXIA THERAPY AND METHODS OF USE

THEREOF

Technical Field
[1] This application claims under priority to and the benefit of U.S Patent Application
No0.63/029,997, filed May 26, 2020, the disclosure of which is incorporated herein by

reference in its entirety.

Background Art

[2] Cancer cachexia is characterized by an ongoing loss of skeletal muscle mass (with or
without loss of fat mass) that cannot be fully reversed by conventional nutrition.
Current therapies for cachexia include medication aimed at retarding or halting pro-
gression of the disorder. Treatments include, for example, orexigenic agents (i.c.,
appetite stimulants), corticosteroids, cannabinoids, serotonin antagonists, prokinetic
agents, androgens and anabolic agents, anticytokine agents, non-steroidal anti-
inflammatory drugs, and regulators of circadian rhythm, with most therapies directed
to treating the underlying or associated condition (e.g., cancer). However, such
treatment (e.g., using small molecules, biologics, etc.) is often compromised by the
patient's inability to tolerate the treatment due to their cachexia. Thus, there is a need in
the art for improved treatments (e.g., digital therapeutics) for wasting disorders, such

as cachexia.
Disclosure of Invention
Solution to Problem

[3] The present disclosure relates to digital therapeutics (hereinafter referred to as DTx)
intended for cancer cachexia therapy. The present disclosure also relates to systems
that integrate digital therapeutics with one or both of a healthcare provider portal and
an administrative portal to treat cancer cachexia in a patient. Some embodiments of the
present disclosure may comprise deducing a mechanism of action (hereinafter referred
to as MOA) in cancer cachexia, and establishing a therapeutic hypothesis and a digital
therapeutic hypothesis for inhibiting progression of cancer cachexia, and treating the
cancer cachexia based on these findings.

[4] In some aspects, the present disclosure provides a method of treating cancer cachexia
in a subject in need thereof, the method comprising: providing, by an electronic device
to the subject, one or more first modules selected from the group consisting of a

voluntary skeletal muscle exercise module, a vagal nerve stimulation module, an
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aerobic exercise module, and a relaxation module, each of the one or more first
modules comprising one or more first instructions for the subject to follow,

wherein the electronic device (i) comprises a sensor sensing adherence by the subject
to the first instructions of the one or more first modules, (ii) transmits adherence in-
formation, based on the adherence, to a server, and (iii) receives one or more second
instructions from the server based on the adherence information; and providing, by the
electronic device to the subject, one or more second modules selected from the group
consisting of a voluntary skeletal muscle exercise module, a vagal nerve stimulation
module, an aerobic exercise module, and a relaxation module, the one or more second
modules comprising the one or more second instructions.

In some aspects, the present disclosure provides a computing system for treating
cancer cachexia in a subject in need thereof, comprising a display configured to
provide, to the subject, one or more first modules selected from the group consisting of
a voluntary skeletal muscle exercise module, a vagal nerve stimulation module, an
aerobic exercise module, and a relaxation module, each of the one or more first
modules comprising one or more first instructions for the subject to follow; a sensor
configured to sense adherence by the subject to the instructions of the one or more first
modules; a transmitter configured to transmit adherence information, based on the
adherence, to a server; and a receiver configured to receive, from the server, one or
more second instructions based on the adherence information,

wherein the display is further configured to provide, to the subject, one or more
second modules selected from the group consisting of a voluntary skeletal muscle
exercise module, a vagal nerve stimulation module, an aerobic exercise module, and a
relaxation module, each of the one or more second modules comprising the one or
more second instructions.

In some aspects, the present disclosure provides a non-transitory computer readable
medium having stored thereon software instructions for treating cancer cachexia in a
subject in need thereof that, when executed by a processor, cause the processor to:
display, by an electronic device to the subject, one or more first modules selected from
the group consisting of a voluntary skeletal muscle exercise module, a vagal nerve
stimulation module, an aerobic exercise module, and a relaxation module, each of the
one or more first modules comprising instructions for the subject to follow; sense, by a
sensor in the electronic device, adherence by the subject to the instructions of the one
or more first modules; transmit, by the electronic device, adherence information, based
on the adherence, to a server; receive, from the server, one or more second instructions
based on the adherence information; and display, to the subject, one or more second
modules selected from the group consisting of a voluntary skeletal muscle exercise

module, a vagal nerve stimulation module, an aerobic exercise module, and a re-
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laxation module, the one or more second modules comprising the one or more second
instructions.

In some aspects, the present disclosure provides a system for treating cancer cachexia
in a subject, comprising: a digital apparatus configured to execute a digital application
comprising one or more first modules, for treating cancer cachexia in a subject,
wherein the digital apparatus comprises a sensor for sensing adherence by the subject
to a first set of instructions of the one or more first modules; a healthcare provider
portal configured to provide one or more options to a healthcare provider to perform
one or more tasks to prescribe treatment for the cancer cachexia in the subject based on
information received from the digital application; and an administrative portal
configured to provide one or more options to an administrator of the system to perform
one or more tasks to manage access to the system by the healthcare provider.

In some embodiments, the digital application for treating cancer cachexia instructs a
processor of the digital apparatus to execute operations comprising:

generating digital therapeutic modules for treating cancer cachexia based on a
mechanism of action in and a therapeutic hypothesis for the cancer cachexia. In some
embodiments, the generating of the digital therapeutic modules comprises generating
the digital therapeutic modules based on biochemical factors related to the cancer
cachexia. In some embodiments, the one or more first modules comprise the voluntary
skeletal muscle exercise module, and the voluntary skeletal muscle exercise module
comprises one or more first instructions to increase MGF/IGF-1 secretion in the
subject. In some embodiments, the one or more first instructions comprise instructions
for aerobic, resistance, and/or concurrent exercise. In some embodiments, the one or
more first modules comprise the vagal nerve stimulation module, and the vagal nerve
stimulation module comprises one or more first instructions to reduce inflammation in
the subject. In some embodiments, the one or more first modules comprise the vagal
nerve stimulation module, and the vagal nerve stimulation module comprises at least
one instruction selected from the group consisting of sense stimulation instructions for
sight, sound, touch, taste, and smell. In some embodiments, the vagal nerve stimulation
module comprises one or more sense stimulation instructions for sight, and the one or
more sense stimulation instructions for sight include one or more instructions to view
one or more figures (define in spec to include specific photos) to stimulate autonomic
nervous system. In some embodiments, the electronic device receives and displays the
figures. In some embodiments, the vagal nerve stimulation module comprises one or
more sense stimulation instructions for sound, and the one or more sense stimulation
instructions for sound include one or more instructions to hear one or more sounds to
cause horror or relaxation. In some embodiments, the electronic device receives and

plays the sounds. In some embodiments, the vagal nerve stimulation module comprises
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one or more sense stimulation instructions for touch, and the one or more sense
stimulation instructions for touch include one or more instructions for abdominal
breathing, controlling rate of breathing, cold massage, coughing, and skin massage. In
some embodiments, the vagal nerve stimulation module comprises one or more sense
stimulation instructions for touch, and the one or more sense stimulation instructions
for touch include one or more instructions for abdominal breathing. In some em-
bodiments, the vagal nerve stimulation module comprises one or more sense
stimulation instructions for taste, and the one or more sense stimulation instructions for
taste include one or more instructions to eat food to stimulate digestive glands in the
subject. In some embodiments, the electronic device receives and displays information
related to the food. In some embodiments, the vagal nerve stimulation module
comprises one or more sense stimulation instructions for smell, and the one or more
sense stimulation instructions for smell include one or more instructions to stimulate
digestive glands and/or to relax. In some embodiments, the electronic device is
configured to release a scent for aroma therapy. In some embodiments, the one or more
first modules comprise the acrobic exercise module, and the acrobic exercise module
comprises one or more first instructions to increase adiponectin secretion in the
subject. In some embodiments, the one or more first instructions comprise one or more
instructions for walking, biking, aerobic dance and/or swimming. In some em-
bodiments, the one or more first modules comprise the relaxation module, and the re-
laxation module comprises one or more first instructions to increase adiponectin
secretion in the subject. In some embodiments, the one or more first instructions
comprise one or more meditation instructions. In some embodiments, said one or more
first instructions comprise one or more sound instructions to hear relaxing sound. In
some embodiments, the device receives and plays the relaxing sound. In some em-
bodiments, the subject is an early cancer patient. In some embodiments, the subject has
a cancer mass having a diameter of 3 cm or less. In some embodiments, the subject is a
late cancer patient, and the system excludes providing a voluntary skeletal muscle
exercise module. In some embodiments, the subject has a cancer mass having a
diameter of more than 3cm, and the system excludes providing a voluntary skeletal
muscle exercise module. In some embodiments, the subject has moderate muscle
atrophy, and the one or more first modules consists of the voluntary skeletal muscle
exercise module, the vagal nerve stimulation module, the aerobic exercise module, and
the relaxation module. In some embodiments, the subject has moderate muscle
atrophy, and the one or more first modules consists of the vagal nerve stimulation
module, the aerobic exercise module, and the relaxation module. In some em-
bodiments, the subject has moderate muscle atrophy (in spec, define the moderate

muscle atrophy as still being able to walk). In some embodiments, the subject has
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severe muscle atrophy (in spec, define the severe muscle atrophy as not being able to
walk), and the system excludes providing a voluntary skeletal muscle exercise module
and further excludes providing an aerobic exercise module. In some embodiments, the
one or more first modules consists of the vagal nerve stimulation module and the re-
laxation module. In some embodiments, the digital application transmits data to a
server, and wherein the server receives the one or more second instructions from an
external reviewer. In some embodiments, the external reviewer comprises a health pro-
fessional. In some embodiments, the external reviewer comprises an artificial in-
telligence (AI). In some embodiments, the sensor comprises one or more of: a camera,
an accelerometer, a magnetometer, a light sensor, a microphone, a proximity sensor, a
touch sensor, a gyroscope, a Global Positioning System (GPS) sensor, an ambient light
sensor, a fingerprint sensor, a pedometer, a heart rate sensor, and a thermometer. In
some embodiments, the sensor comprises a touch sensor, and the subject provides the
adherence information to the electronic device using the touch sensor. In some em-
bodiments, the one or more options provided to the healthcare provider are selected
from the group consisting of adding or removing the subject, viewing or editing
personal information for the subject, viewing adherence information for the subject,
viewing a result of the subject for one or more at least partially completed digital
therapeutic modules, prescribing one or more digital therapeutic modules to the
subject, altering a prescription for one or more digital therapeutic modules, and com-
municating with the subject. In some embodiments, the one or more options comprise
the viewing or editing personal information for the subject, and the personal in-
formation comprises one or more selected from the group consisting of an identi-
fication number for the subject, a name of the subject, a date of birth of the subject, an
email of the subject, an email of the guardian of the subject, a contact phone number
for the subject, a prescription for the subject, and one or more notes made by the
healthcare provider about the subject. In some embodiments, the personal information
comprises the prescription for the subject, and the prescription for the subject
comprises one or more selected from the group consisting of a prescription identi-
fication number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the
subject, and a number of scheduled or prescribed digital therapeutic modules to be
performed by the subject per day. In some embodiments, the one or more options
comprise the viewing the adherence information, and the adherence information of the
subject comprises one or more of a number of scheduled or prescribed digital
therapeutic modules completed by the subject, and a calendar identifying one or more
days on which the subject completed, partially completed, or did not complete one or

more scheduled or prescribed digital therapeutic modules. In some embodiments, the
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one or more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI). In some embodiments, the one or more
options provided to the administrator of the system are selected from the group
consisting of adding or removing the healthcare provider, viewing or editing personal
information for the healthcare provider, viewing or editing de-identified information of
the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, and
communicating with the healthcare provider. In some embodiments, the one or more
options comprise the viewing or editing the personal information, and the personal in-
formation of the healthcare provider comprises one or more selected from the group
consisting of an identification number for the healthcare provider, a name of the
healthcare provider, an email of the healthcare provider, and a contact phone number
for the healthcare provider. In some embodiments, the one or more options comprise
the viewing or editing the de-identified information of the subject, and the de-
identified information of the subject comprises one or more selected from the group
consisting of an identification number for the subject, and the healthcare provider for
the subject. In some embodiments, the one or more options comprise the viewing the
adherence information for the subject, and the adherence information of the subject
comprises one or more of a number of scheduled or prescribed digital therapeutic
modules completed by the subject, and a calendar identifying one or more days on
which the subject completed, partially completed, or did not complete one or more
scheduled or prescribed digital therapeutic modules. In some embodiments, the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI). In some embodiments, the digital application
further comprises a push alarm for one or more of reminding the subject complete a
digital therapeutic module. In some embodiments, the digital apparatus comprises a
digital instruction generation unit configured to generate digital therapeutic modules

for treating cancer cachexia, generate digital instructions based on the digital
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therapeutic modules, and provide the digital instructions to the subject; In some em-
bodiments, an outcome collection unit configured to collect the subject's execution
outcomes of the digital instructions. In some embodiments, the digital instruction
generation unit generates the digital therapeutic modules based on biochemical factors
related to the cancer cachexia onset. In some embodiments, the biochemical factors
comprise insulin-like growth factor 1 (IGF1) and hypoxia-inducible factor 1 (HIF1). In
some embodiments, the digital instruction generation unit generates the digital
therapeutic modules based on the inputs from the healthcare provider. In some em-
bodiments, the digital instruction generation unit generates the digital therapeutic
modules based on information received from the subject. In some embodiments, the in-
formation is received from the subject comprises at least one of basal factors, medical
information, and digital therapeutics literacy of the subject, the basal factors including
the subject's activity, heart rate, sleep, and diet (including nutrition and calories), the
medical information including the subject's electronic medical record (EMR), family
history, genetic vulnerability, and genetic susceptibility, and the digital therapeutics
literacy including the subject's accessibility, and technology adoption to the digital
therapeutics and the apparatus. In some embodiments, the digital instruction generation
unit generates the digital therapeutic modules matching to imaginary parameters which
correspond to the mechanism of action in and the therapeutic hypothesis for the cancer
cachexia. In some embodiments, the imaginary parameters are deduced in relation to
the subject's environment, behaviors, emotions, and cognition. In some embodiments,
the outcome collection unit collects the execution outcomes of the digital instructions
by monitoring the subject's adherence to the digital instructions or allowing the subject
to directly input the subject's adherence to the digital instructions. In some em-
bodiments, the generation of the digital instructions at the digital instruction generation
unit and the collection of the subject's execution outcomes of the digital instructions at
the outcome collection unit are repeatedly executed several times with multiple
feedback loops, and the digital instruction generation unit generates the subject's digital
instructions for this cycle based on the subject's digital instructions in the previous
cycle and the execution outcome data on the subject's digital instructions in the
previous cycle collected at the outcome collection unit.
Brief Description of Drawings

The above and other objects, features and advantages of the present disclosure will
become more apparent to those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the attached drawings, in which:

FIG. 1 illustrates muscle atrophy associated with cancer cachexia;

FIG. 2 illustrates various biochemical pathways and physiological symptoms as-
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sociated with cancer cachexia, as well as applications of certain embodiments of the
present disclosure and associated effects;

FIG. 3 is a block diagram showing an exemplary configuration of a digital apparatus
for treating cancer cachexia according to one embodiment of the present disclosure;

FIG. 4 is a diagram showing exemplary input and output loops of a digital ap-
plication for treating cancer cachexia according to one embodiment of the present
disclosure;

FIG. 5 is a diagram showing an exemplary background factors supporting the digital
apparatus and the application for treating cancer cachexia according to one em-
bodiment of the present disclosure;

FIGS. 6A and 6B are diagrams showing an exemplary method of assigning a patient-
customized digital prescription using the digital apparatus and the application for
treating cancer cachexia according to one embodiment of the present disclosure;

FIG. 7 is a flowchart illustrating exemplary operations in a digital application for
treating cancer cachexia according to one embodiment of the present disclosure;

FIG. 8 is a diagram showing an exemplary hardware configuration of the digital
apparatus for treating cancer cachexia according to one embodiment of the present
disclosure;

FIG. 9 is a flow chart illustrating an exemplary system for treating cancer cachexia,
the system comprising an administrative portal (e.g., Administrator's web), a healthcare
provider portal (e.g., Doctor's web) and a digital apparatus configured to execute a
digital application (e.g., an application or 'app') for treating cancer cachexia in a
subject;

FIGS. 10A and 10B are flow charts illustrating an exemplary digital application
usage flow of the present disclosure;

FIG. 11 is a flow chart illustrating an exemplary execution flow for a login veri-
fication during a splash process at the starting of a digital application of the present
disclosure;

FIG. 12 is a flow diagram illustrating an exemplary patient portal structure of a
digital application of the present disclosure;

FIG. 13 is a flow chart illustrating an exemplary patient portal of external activity use
flow of a digital application of the present disclosure;

FIG. 14 is a flow chart illustrating an exemplary internal activity use flow of a digital
application of the present disclosure;

FIG. 15 is a flow chart illustrating an exemplary doctor portal structure and admin-
istrative portal structure of a digital application of the present disclosure;

FIG. 16 is a flow chart illustrating an exemplary execution flow for an administrative

portal in a system of the present disclosure;
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While the above-identified drawings set forth presently disclosed embodiments, other
embodiments are also contemplated, as noted in the discussion. This disclosure
presents illustrative embodiments by way of representation and not limitation.
Numerous other modifications and embodiments may be devised by those skilled in
the art which fall within the scope and spirit of the principles of the presently disclosed
embodiments.

Mode for the Invention

Hereinafter, exemplary embodiments of the present disclosure will be described in
detail. However, the present disclosure is not limited to the embodiments disclosed
below, but may be implemented in various forms. The following embodiments are
described in order to enable those of ordinary skill in the art to embody and practice
embodiments of the present disclosure.

Definitions

Although the terms first, second, etc. may be used to describe various elements, these
elements are not limited by these terms. These terms are only used to distinguish one
element from another. For example, a first element could be termed a second element,
and, similarly, a second element could be termed a first element, without departing
from the scope of exemplary embodiments. The term "and/or" includes any and all
combinations of one or more of the associated listed items.

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of exemplary embodiments. The singular forms
"a," "an" and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms "comprises,"
"comprising," "includes" and/or "including,” when used herein, specify the presence of
stated features, integers, steps, operations, elements, components and/or groups
thereof, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components and/or groups thereof.

As used herein, the term "about" generally refers to a particular numeric value that is
within an acceptable error range as determined by one of ordinary skill in the art,
which will depend in part on how the numeric value is measured or determined, i.e.,
the limitations of the measurement system. For example, "about" may mean a range of
+20%, £10%, or £5% of a given numeric value.

As used herein, "muscle atrophy" can refer to a disease in which muscles of the body
(e.g., legs and arms) are gradually atrophied, sometimes symmetrically. Muscle
atrophy may accompany the occurrence of cancer, aging, renal diseases, genetic
diseases, and various chronic diseases.

As used herein, the term "cancer cachexia” can refer to a condition characterized by
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an ongoing loss of skeletal muscle mass (with or without loss of fat mass) that cannot
be fully reversed by conventional nutrition.

Overview

With reference to the appended drawings, exemplary embodiments of the present
disclosure will be described in detail below. To aid in understanding the present
disclosure, like numbers refer to like elements throughout the description of the
figures, and the description of the same elements will be not reiterated.

Development of new drugs starts with confirming a medial demand in sifu, proposing
a mechanism of action based on the expert reviews and meta-analysis on the corre-
sponding disease, and deducing a therapeutic hypothesis based on the expert reviews
and the meta-analysis. Also, after a library of drugs whose therapeutic effects are
expected is prepared based on the therapeutic hypothesis, a candidate material is found
through screening, and the corresponding candidate material is subjected to opti-
mization and preclinical trials to check its effectiveness and safety from a preclinical
stage, thereby deciding the candidate material as a final candidate drug. To mass-
produce the corresponding candidate drug, a CMC (chemistry, manufacturing, and
control) process is also established, a clinical trial is carried out on the corresponding
candidate drug to verify a mechanism of action and a therapeutic hypothesis of the
candidate drug, thereby ensuring the clinical effectiveness and safety of the candidate
drug.

From the point of view of this patent, drug targeting and signaling, which fall
upstream of the development of new drugs, have many uncertainties. In many cases,
because the drug targeting and signaling take a methodology of putting together the
outcomes, which have been reported in the art, and interpreting the outcomes, it may
be difficult to guarantee the novelty of disclosure. On the contrary, the disclosure of
drugs capable of regulating the drug targeting and signaling to treat a disease requires
the highest level of creativity except for the field of some antibody or nucleic acid
(DNA, RNA) therapeutics in spite of the development of research methodology for
research and development of numerous new drugs. As a result, the molecular structures
of the drugs are the most critical factors that constitute the most potent substance
patent in the field of new drugs.

Unlike the drugs whose rights are strongly protected through this substance patent,
digital therapeutics are basically realized using software. Due to the nature of the
digital therapeutics, the rational design of digital therapeutics against the corre-
sponding disease, and the software realization of the digital therapeutics based on the
rational design may be considered to be an improved process of disclosure to be
protected as a patent when considering the clinical verification and approval processes

as the therapeutics.
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That is, the core of the digital therapeutics as in the present disclosure depends on the
rational design of digital therapeutics suitable for treatment of the corresponding
disease, and the development of specific software capable of clinically verifying the
digital therapeutics based on the rational design. Hereinafter, a digital apparatus and an
application for treating cancer cachexia according to the present disclosure realized in
this aspect will be described in detail.

FIG. 1 illustrates the progression of muscle atrophy, which is one aspect of cancer
cachexia (the other aspect being cancer). As used herein, "muscle atrophy" can refer to
a disease in which muscles of the body (e.g., legs and arms) are gradually atrophied,
sometimes symmetrically. Muscle atrophy may accompany the occurrence of cancer,
aging, renal diseases, genetic diseases, and various chronic diseases. Muscle atrophy is
represented by amyotrophic lateral sclerosis (Lou Gehrig's disease), spinal progressive
muscular atrophy, etc. A normal or healthy individual (far right) is capable of exercise.
Muscle wasting or atrophy can lead to moderate muscular atrophy, where physical
exercise is still possible. Moderate muscle atrophy can be characterized by reduced
motor function, wherein the patient can still walk, although not as well as a healthy in-
dividual (e.g., a patient with moderate muscle atrophy can have an abnormal gait,
slouch, and/or have a rigid posture, etc.). Further muscle wasting can lead to severe
muscle atrophy, where physical exercise is no longer possible. Severe muscle atrophy
can be characterized by reduced or complete loss of motor function, such as an
inability to walk. Generally, the stage of muscle atrophy can be determined or
classified by muscle volume and/or athletic ability. Likewise, myogenesis can restore
muscle function. The methods and systems of the present disclosure can promote
myogenesis in patients suffering from severe and moderate muscle atrophy to restore
normal muscle function. For patients suffering from muscle atrophy, methods and
system of the present disclosure can be helpful in promoting myogenesis such that the
muscle atrophy is reduced, and the patient is able to tolerate a cancer treatment that
may not otherwise be possible, for example, in a patient suffering from severe muscle
atrophy.

FIG. 2 illustrates various exemplary biochemical pathways and physiological
symptoms associated with cancer cachexia, as well as exemplary applications of
certain embodiments of the present disclosure and associated effects. Cachexia can be
characterized by an acquired, accelerated loss of muscle caused by an underlying
disease. When cachexia is seen in a patient with cancer, the condition may be referred
to as "cancer cachexia". Cancer cachexia affects the majority of patients with advanced
cancer and is associated with a reduction in treatment tolerance, response to therapy,
quality of life and duration of survival. Cancer cachexia is a multifactorial syndrome

characterized by an ongoing loss of skeletal muscle mass, with or without loss of fat
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mass, which cannot be fully reversed by conventional nutritional support and leads to
progressive functional impairment. Skeletal muscle loss may be the most significant
event in cancer cachexia.

As mentioned above, one aim of the methods and systems of the present disclosure is
to at least partially reduce muscle atrophy such that a patient is able to tolerate cancer
treatment. Muscle atrophy can be caused by increased myostatin levels, which promote
proteolysis. In one aspect, methods and systems of the present disclosure increase
insulin-like growth factor 1 (IGF1) and/or a splice variant of IGF-1 called mechano
growth factor (MGF) levels (IGF1/MGF level), for example, using voluntary skeletal
muscle exercise modules and/or digital instructions for a patient's diet, which can (i)
inhibit myostatin and prevent muscular atrophy associated with proteolysis, and/or (ii)
activate insulin receptor substrate 1 (IRS1)-PI3K-AKT signaling and AKT to promote
proteosynthesis. Muscle atrophy can also result from activation of the NF-xB pathway
(e.g., via release of multiorgan inflammatory factors and/or cachetic inflammatory
cytokines TNF-a / IL-1), which promote proteolysis. In one aspect, methods and
systems of the present disclosure inhibit activation of the NF-xB pathway by
promoting adiponectin secretion, for example, through meditation and/or aerobic
exercise. In another aspect, methods and systems of the present disclosure inhibit ac-
tivation of the NF-xB pathway by inhibiting cachetic inflammatory cytokines TNF-a. /
IL-1 through vagal nerve stimulation.

In addition to cachexia, cancer is another aspect of cancer cachexia. For early stage
cancer patients, stimulating IGF1 secretion, for example, by physical exercise, may
help treat cancer cachexia. In patients with terminal cancer, however, the above
strategy may have side effects that promote HIF1 and accelerate cancer progression.
Thus, for a late stage cancer, cancer cachexia therapy may exclude treatments to
stimulate IGF1 secretion, such as a physical exercise. Accordingly, the prescription of
module assigned to each patient can be different according to the progress of cancer.
Thus, the early external activity for the early state cancer patients is different from the
late external activity for the late stage cancer patients as described herein.

In some embodiments, the late external activity includes touching a screen with a
finger or a heel, and deep breathing. The touching may be monitored by a touch sensor,
acceleration sensor, and/or gyro sensor. In additional embodiments, the late external
activity includes lifting a head while lying down, and raising a hand or leg while lying
down, which may be monitored by acceleration sensor, gyro sensor, or a touch sensor.
In further embodiments, the late external activity includes grabbing phone while lying
down, turning a head while lying down. The grabbing may be monitored by a touch
sensor or a gesture recognition. The head turning may be monitored by a face

recognition.
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A digital apparatus and an application for inhibiting progression of and treating
cancer cachexia according to the present disclosure will be described below.

Generally speaking, disease therapy is carried out by analyzing a certain disease in
terms of pathophysiological functions and dispositions in order to determine a start
point, a progression point, and an end point for the disease. Also, an indication of the
disease is defined by characterization of the corresponding disease and statistical
analysis of the disease. Also, patient's physiological factors, especially biochemical
factors, which correspond to the verified indications, are analyzed, and the patient's
biochemical factors are restricted a narrow extent associated with the disease to deduce
a mechanism of action.

Next, a therapeutic hypothesis, in which the corresponding disease is treated by con-
trolling actions and environments directly associated with regulation of the corre-
sponding biochemical factors associated with the disease, is deduced. To realize this
therapeutic hypothesis into digital therapeutics, a digital therapeutic hypothesis for
achieving a therapeutic effect through repeated digital instruction and execution, which
are associated with the "control of patient's action/environment regulation of bio-
chemical factors, is proposed. The digital therapeutic hypothesis of the present
disclosure is realized as a digital apparatus and an application is realized as a digital
apparatus and an application configured to present changes in patient's actions, and
patient's participation in the form of specific instructions and collect and analyze
execution of the specific instructions.

FIG. 3 is a block diagram showing a configuration of the digital apparatus for
treating cancer cachexia according to one embodiment of the present disclosure.
Referring to FIG. 3, a digital system 000 for treating cancer cachexia according to one
embodiment of the present disclosure may include a digital instruction generation unit
010, a sensing data collection unit 020, an execution input unit 030, an outcome
analysis unit 040, a database 050, and a security unit 060.

Based on the mechanism of action in and the therapeutic hypothesis and digital
therapeutic hypothesis for cancer cachexia, a doctor (a second user) may prescribe
digital therapeutics, which are realized in a digital apparatus and an application for
treating cancer cachexia, for the corresponding patient. In this case, the digital in-
struction generation unit 010 is a device configured to provide a prescription of the
digital therapeutics to a patient as a specific behavioral instruction that the patient may
execute based on the interaction between the biochemical factors for cancer cachexia
and the patient's behaviors. For example, the biochemical factors may include IGF1,
HIF]1, and the like, but the present disclosure is not limited thereto. For example, all
types of biochemical factors that may cause cancer cachexia may be considered.

The digital instruction generation unit 010 may generate digital instructions based on
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the inputs from the doctor. In this case, the digital instruction generation unit 010 may
generate digital instructions based on information collected by the doctor when di-
agnosing a patient. Also, the digital instruction generation unit 010 may generate
digital instructions based on the information received from the patient. For example,
the information received from the patient may include the patient's basal factors,
medical information, and digital therapeutics literacy. In this case, the basal factors
may include amount of the patient's activity, heart rates, sleep, meals (nutrition and
calories), and the like. The medical information may include the patient's electronic
medical record (EMR), family history, genetic vulnerability, genetic susceptibility, and
the like. The digital therapeutics literacy may include the patient's accessibility and an
acceptance posture to the digital therapy instructions and the apparatus, and the like.

The digital instruction generation unit 010 may reflect the mechanism of action in
and the therapeutic hypothesis for cancer cachexia in order to utilize imaginary pa-
rameters and generate a digital module. In this case, the imaginary parameters may be
deduced in term of the patient's behaviors.

The digital instruction generation unit 010 generates digital instructions particularly
designed to allow a patient to have a therapeutic effect, and provides the instructions to
the patient. For example, the digital instruction generation unit 010 may generate
specific digital instructions in each of digital therapeutic modules.

The sensing data collection unit 020 and the execution input unit 030 may collect the
patient's execution outcomes of the digital instructions provided at the digital in-
struction generation unit 010. Specifically, the sensing data collection unit 020
configured to sense the patient's adherence to the digital instructions and the execution
input unit 030 configured to allow a patient to directly input the execution outcomes of
the digital instructions are included, and thus serve to output the patient's execution
outcomes of the digital instructions.

The outcome analysis unit 040 may collect the patient's behavior adherence or par-
ticipation in predetermined periods and report the patient's behavior adherence or par-
ticipation to external systems. Therefore, a doctor may continue to monitor an
execution course of the digital instructions through the application even when a patient
does not directly visit a hospital.

The database 050 may store the mechanism of action in cancer cachexia, the
therapeutic hypothesis for cancer cachexia, the digital instructions provided to the user,
and the user's execution outcome data. FIG. 3 shows that the database 050 is included
in the digital apparatus 000 for treating cancer cachexia. However, the database 050
may be provided in an external server.

Meanwhile, a series of loops including inputting the digital instructions at the digital

instruction generation unit 010, outputting the patient's execution outcomes of the
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digital instructions at the sensing data collection unit 020/execution input unit 030, and
evaluating the execution outcomes at the outcome analysis unit 040 may be repeatedly
executed several times. In this case, the digital instruction generation unit 010 may
generate patient-customized digital instructions for this cycle by reflecting the patient's
digital instructions provided in the previous cycle and output values, and the
evaluation.

As described above, according to the digital therapy apparatus for inhibiting pro-
gression of and treating cancer cachexia according to the present disclosure, the cancer
cachexia therapy whose reliability may be ensured is possible by deducing the
mechanism of action in cancer cachexia and the therapeutic hypothesis and digital
therapeutic hypothesis for cancer cachexia in consideration of the biochemical factors
for cancer cachexia, presenting digital instructions for treating cancer cachexia based
on the mechanism of action and the therapeutic hypotheses, and collecting and
analyzing execution of specific instructions.

FIG. 4 is a diagram showing input and output loops of the digital application for
treating cancer cachexia according to one embodiment of the present disclosure.

Referring to FIG. 4, the digital application for treating cancer cachexia according to
one embodiment of the present disclosure may input the corresponding digital pre-
scription for a patient in the form of instructions, and may output execution outcomes
of the corresponding digital instructions.

The digital instructions provided to the patient may include specific action in-
structions for behaviors, and the like. As shown in FIG. 4, the digital instructions may
include voluntary skeletal muscle exercise, vagal nerve stimulation, aerobic exercise,
relaxation, and the like. However, the digital instructions are given by way of il-
lustration only, and are not intended to be limiting to the digital instruction according
to the present disclosure.

The patient's execution outcomes of the digital instructions consist of 1) log-
in/log-out information for instructions and execution, 2) adherence information sensed
as passive data such as voluntary skeletal muscle exercise, heart rates associated with
the stress, a change in oxygen saturation, and the like, and 3) directly input information
on the patient's execution outcomes.

The inhibition of the progression of and the treatment of cancer cachexia are shown
to be achieved by repeatedly executing the aforementioned single feedback loop of
FIG. 4 several times to regulate the biochemical factors.

Inhibitory and therapeutic effects on progression of the cancer cachexia may be more
effectively achieved by gradual improvement of an instruction-execution cycle in the
feedback loop, compared to the simply repeated instruction-execution cycle during the

corresponding course of therapy.
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For example, the digital instructions and the execution outcomes for the first cycle
are given as input values and output values in a single loop, but new digital instructions
may be generated by reflecting input values and output values generated in this loop
using a feedback process of the loop to adjust the input for the next loop when the
feedback loop is executed N times. This feedback loop may be repeated to deduce
patient-customized digital instructions and maximize a therapeutic effect at the same
time.

As such, in the digital apparatus and the application for treating cancer cachexia
according to one embodiment of the present disclosure, the patient's digital instructions
provided in the previous cycle (for example, a N-1t cycle), and the data on instruction
execution outcomes may be used to calculate the patient's digital instructions and
execution outcomes in this cycle (for example, a Nt cycle). That is, the digital in-
structions in the next loop may be generated based on the patient's digital instructions
and execution outcomes of the digital instructions calculated in the previous loop. In
this case, various algorithms and statistical models may be used for the feedback
process, when necessary.

As described above, in the digital apparatus and the application for treating cancer
cachexia according to one embodiment of the present disclosure, it is possible to
optimize the patient-customized digital instructions suitable for the patient through the
rapid feedback loop.

FIG. 5 is a diagram showing a background factors supporting the digital apparatus
and the application for treating cancer cachexia according to one embodiment of the
present disclosure

Referring to FIG. 5, the background factors may be considered together in the design
of the modules in the digital apparatus and the application for treating cancer cachexia
according to one embodiment of the present disclosure.

In this case, the background factors are elements necessary for correction of clinical
trial outcomes during verification of the clinical effectiveness of digital cancer
cachexia therapy according to the present disclosure. Specifically, in the background
factors shown in FIG. 5, the basal factors may include activity, heart rates, sleep, meals
(nutrition and calories), and the like, the medical information may include EMR,
family history, genetic vulnerability, and susceptibility, and the like, which have been
written when a patient visited a hospital, and the digital therapeutics literacy may
include the patient's accessibility to the digital therapy instructions and the apparatus,
and an acceptance posture.

FIG. 6 is a diagram showing a method of assigning a patient-customized digital pre-
scription using the digital apparatus and the application for treating cancer cachexia

according to one embodiment of the present disclosure.
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FIG. 6(A) show a prescription procedure for routine medical condition checkup of a
patient by a doctor, and FIG. 6(B) show a method of allowing a doctor to assign a
patient-customized digital prescription based on the analysis of a plurality of digital in-
structions and execution outcomes of the digital instructions.

In this way, when the digital apparatus and the application for treating cancer
cachexia according to one embodiment of the present disclosure are used, the doctor
may check the patient's instructions and execution outcomes for a given period and
adjust the types of modules for treating cancer cachexia, and the instructions for each
module in a patient-customized manner, as shown in FIG. 6(B).

FIG. 7 is a flowchart illustrating operations in the digital application for treating
cancer cachexia according to one embodiment of the present disclosure.

Referring to FIG. 7, the digital application for treating cancer cachexia according to
one embodiment of the present disclosure may first generate a digital therapeutics
module for treating cancer cachexia based on the mechanism of action in and the
therapeutic hypothesis for cancer cachexia (S810). In this case, in S810, the digital
therapeutics module may be generated based on the biochemical factors (for example,
IGF1, HIF1, etc.) for cancer cachexia.

Meanwhile, in S810, the digital therapeutics module may be generated based on the
inputs from the doctor. In this case, a digital therapeutics module may be generated
based on the information collected by the doctor when diagnosing a patient, and the
prescription outcomes recorded based on the information. Also, in S810, the digital
therapeutics module may be generated based on the information (for example, basal
factors, medical information, digital therapeutics literacy, etc.) received from the
patient.

Next, in S820, specified digital instructions may be generated based on the digital
therapeutics module. S820 may generate a digital therapeutics module by applying
imaginary parameters about the patient's environments, behaviors, emotions, and
cognition to the mechanism of action in and the therapeutic hypothesis for cancer
cachexia.

In this case, the digital instructions may be generated for at least one of voluntary
skeletal muscle exercise, vagal nerve stimulation, aerobic exercise, and relaxation
modules. Then, the digital instructions may be provided to a patient (S830). In this
case, the digital instructions may be provided in the form of digital instructions which
are associated with behaviors and in which the patient's instruction adherence such as
voluntary skeletal muscle exercise may be monitored using a sensor, or provided in the
form of digital instructions in which a patient is allowed to directly input the execution
outcomes.

After the patient executes the presented digital instructions, the patient's execution
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outcomes of the digital instructions may be collected (S840). In S840, the execution
outcomes of the digital instructions may be collected by monitoring the patient's
adherence to the digital instructions as described above, or allowing the patient to input
the execution outcomes of the digital instructions.

In some embodiments, the patient or caregiver would input a sleep time, blood sugar
level, food intake or meal information, appetite stimulant or other drug intake in-
formation, albumin levels, early external activity, late external activity, and/or internal
activity information daily, and all or part of the information may be monitored by a
doctor, for example, on his web.

Meanwhile, the digital application for treating cancer cachexia according to one em-
bodiment of the present disclosure may repeatedly execute operations several times,
wherein the operations include generating the digital instruction and collecting the
patient's execution outcomes of the digital instructions. In this case, the generating of
the digital instruction may include generating the patient's digital instructions for this
cycle based on the patient's digital instructions provided in the previous cycle and the
execution outcome data on the patient's collected digital instructions provided in the
previous cycle.

As described above, according to the digital application for treating cancer cachexia
according to one embodiment of the present disclosure, the reliability of the inhibition
of progression of and treatment of cancer cachexia may be ensured by deducing the
mechanism of action in and the therapeutic hypothesis for cancer cachexia in con-
sideration of the biochemical factors for cancer cachexia, presenting the digital in-
structions to a patient based on the mechanism of action in and the therapeutic hy-
pothesis for cancer cachexia, and collecting and analyzing the outcomes of the digital
instructions.

Although the digital apparatus and the application for treating cancer cachexia
according to one embodiment of the present disclosure have been described in terms of
cancer cachexia therapy, the present disclosure is not limited thereto. For the other
diseases other than the cancer cachexia, the digital therapy may be executed sub-
stantially in the same manner as described above.

FIG. 8 is a diagram showing a hardware configuration of the digital apparatus for
treating cancer cachexia according to one embodiment of the present disclosure.

Referring to FIG. 8, hardware 600 of the digital apparatus for treating cancer
cachexia according to one embodiment of the present disclosure may include a CPU
610, a memory 620, an input/output I/F 630, and a communication I/F 640.

The CPU 610 may be a processor configured to execute a digital program for treating
cancer cachexia stored in the memory 620, process various data for treating digital

cancer cachexia and execute functions associated with the digital cancer cachexia
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therapy. That is, the CPU 610 may act to execute functions for each of the config-
urations shown in FIG. 3 by executing the digital program for treating cancer cachexia
stored in the memory 620.

The memory 620 may have a digital program for treating cancer cachexia stored
therein. Also, the memory 620 may include the data used for the digital cancer
cachexia therapy included in the aforementioned database 050, for example, the
patient's digital instructions and instruction execution outcomes, the patient's medical
information, and the like.

A plurality of such memories 620 may be provided, when necessary. The memory
620 may be a volatile memory or a non-volatile memory. When the memory 620 is a
volatile memory, RAM, DRAM, SRAM, and the like may be used as the memory 620.
When the memory 620 is a non-volatile memory, ROM, PROM, EAROM, EPROM,
EEPROM, a flash memory, and the like may be used as the memory 620. Examples of
the memories 620 as listed above are given by way of illustration only, and are not
intended to limit the present disclosure.

The input/output I/F 630 may provide an interface in which input apparatuses (not
shown) such as a keyboard, a mouse, a touch panel, and the like, and output ap-
paratuses such as a display (not shown), and the like may transmit and receive data
(e.g., wirelessly or by hardline) to the CPU 610.

The communication I/F 640 is configured to transmit and receive various types of
data to/from a server, and may be one of various apparatuses capable of supporting
wire or wireless communication. For example, the types of data on the aforementioned
digital behavior-based therapy may be received from a separately available external
server through the communication I/F 640.

As described above, the computer program according to one embodiment of the
present disclosure may be recorded in the memory 620 and processed at the CPU 610,
for example, so that the computer program may be realized as a module configured to
execute each of functional blocks shown in FIG. 3.

According to the digital apparatus and the application for treating, ameliorating, or
preventing cancer cachexia according to the present disclosure, a reliable digital
apparatus and application capable of inhibiting progression of and treating cancer
cachexia may be provided by deducing a mechanism of action in cancer cachexia and a
therapeutic hypothesis and a digital therapeutic hypothesis for cancer cachexia in con-
sideration of biochemical factors for progression of cancer cachexia, presenting digital
instructions to a patient, and collecting and analyzing execution outcomes of the digital
instructions.

In certain embodiments, the present disclosure provides a method of treating, ame-

liorating, or preventing cancer cachexia in a subject in need thereof, the method
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comprising providing, by an electronic device to the subject, one or more first modules
selected from the group consisting of a voluntary skeletal muscle exercise module, a
vagal nerve stimulation module, an aerobic exercise module, and a relaxation module,
each of the one or more first modules comprising one or more first instructions for the
subject to follow, wherein the electronic device (i) comprises a sensor sensing
adherence by the subject to the first instructions of the one or more first modules, (ii)
transmits adherence information, based on the adherence, to a server, and (iii) receives
one or more second instructions from the server based on the adherence information;
and providing, by the electronic device to the subject, one or more second modules
selected from the group consisting of a voluntary skeletal muscle exercise module, a
vagal nerve stimulation module, an aerobic exercise module, and a relaxation module,
the one or more second modules comprising the one or more second instructions.

In certain embodiments, the subject is diagnosed with cancer. In certain em-
bodiments, the subject has cancer, and the subject is suffering from cancer cachexia.
The subject may be a cancer patient, a patient at risk for cancer, or a patient with a
family or personal history of cancer. In some cases, the patient is in a particular stage
of cancer treatment. In certain embodiments, the subject has cancer, and the cancer is
an early stage cancer. In certain embodiments, a subject with early stage cancer is a
subject having a cancerous mass that is less than or equal to 0.1 centimeter (cm), less
than or equal 0.5 cm, less than or equal 1 cm, less than or equal 2 cm, less than or
equal 3 cm, less than or equal 4 cm, or less than or equal 5 cm in diameter. In certain
embodiments, the subject has cancer, and the cancer is a late stage cancer. In certain
embodiments, a subject with late stage cancer is a subject having a cancerous mass that
is greater than or equal to 0.1 centimeter (cm), greater than or equal 0.5 cm, greater
than or equal 1 cm, greater than or equal 2 cm, greater than or equal 3 cm, greater than
or equal 4 cm, or greater than or equal 5 cm in diameter. Generally, the stage of cancer
in a patient can be determined or classified based on HIF-1a expression levels (e.g., in
the blood), hypoxia, and/or size of a cancerous mass in the subject.

Cancer patients may have any type of cancer. Examples of cancer can include, but
are not limited to, adrenal cancer, anal cancer, basal cell carcinoma, bile duct cancer,
bladder cancer, cancer of the blood, bone cancer, a brain tumor, breast cancer,
bronchus cancer, cancer of the cardiovascular system, cervical cancer, colon cancer,
colorectal cancer, cancer of the digestive system, cancer of the endocrine system, en-
dometrial cancer, esophageal cancer, eye cancer, gallbladder cancer, a gastrointestinal
tumor, kidney cancer, hematopoietic malignancy, laryngeal cancer, leukemia, liver
cancer, lung cancer, lymphoma, melanoma, mesothelioma, cancer of the muscular
system, Myelodysplastic Syndrome (MDS), myeloma, nasal cavity cancer, na-

sopharyngeal cancer, cancer of the nervous system, cancer of the lymphatic system,
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oral cancer, oropharyngeal cancer, osteosarcoma, Kaposi sarcoma, ovarian cancer,
pancreatic cancer, penile cancer, pituitary tumors, prostate cancer, rectal cancer, renal
pelvis cancer, cancer of the reproductive system, cancer of the respiratory system,
sarcoma, salivary gland cancer, skeletal system cancer, skin cancer, small intestine
cancer, stomach cancer, testicular cancer, throat cancer, thymus cancer, thyroid cancer,
a tumor, cancer of the urinary system, uterine cancer, vaginal cancer, or vulvar cancer.
The term lymphoma’ may refer to any type of lymphoma including B-cell lymphoma
(e.g., diffuse large B-cell lymphoma, follicular lymphoma, small lymphocytic
lymphoma, mantle cell lymphoma, marginal zone B-cell lymphoma, Burkitt
lymphoma, lymphoplasmacytic lymphoma, hairy cell leukemia, or primary central
nervous system lymphoma) or a T-cell lymphoma (e.g., precursor T-lymphoblastic
lymphoma, or peripheral T-cell lymphoma). The term 'leukemia’ may refer to any type
of leukemia including acute leukemia or chronic leukemia. Types of leukemia include
acute myeloid leukemia, chronic myeloid leukemia, acute lymphocytic leukemia, acute
undifferentiated leukemia, or chronic lymphocytic leukemia. In some cases, the cancer
patient does not have a particular type of cancer. For example, in some instances, the
patient may have a cancer that is not breast cancer.

Examples of cancer can include cancers that cause solid tumors as well as cancers
that do not cause solid tumors. Furthermore, any of the cancers mentioned herein may
be a primary cancer (e.g., a cancer that is named after the part of the body where it first
started to grow) or a secondary or metastatic cancer (e.g., a cancer that has originated
from another part of the body).

In some embodiments, the subject is at risk for cancer, and may be at risk because of
a particular condition such as a pre-cancerous condition. Pre-cancerous conditions
include but are not limited to actinic keratosis, Barrett's esophagus, atrophic gastritis,
ductal carcinoma in situ, dyskeratosis congenita, sideropenic dysphagia, lichen planus,
oral submucous fibrosis, solar elastosis, cervical dysplasia, leukoplakia, and ery-
throplakia). In some cases, a patient may be at risk of cancer because of cell or tissue
dysplasia (e.g., an abnormal change in cell number, abnormal change in cell shape,
abnormal change in cell size, or abnormal change in cell pigmentation).

In certain embodiments, the one or more first modules comprise the voluntary
skeletal muscle exercise module. In certain embodiments, the voluntary skeletal
muscle exercise module comprises one or more first instructions to increase MGF/
IGF-1 secretion in the subject.

In certain embodiments, the one or more first instructions comprise instructions for
aerobic, resistance, and/or concurrent exercise. Physical exercise (e.g., cardiovascular
exercise) can promote IGF-1 production, which can (i) inhbit myostatin and prevent

muscular atrophy associated with proteolysis, and/or (ii) activate insulin receptor
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substrate 1 (IRS1)-PI3K-AKT signaling and AKT to promote proteosynthesis. A
module comprising physical exercise can include, for example, 20 minutes of high
intensity exercise and 40 minutes of rest or low intensity exercise in a patient-bearable
situation (for example, a module that mimics a low mountain climb, walk, etc.). This
module can be repeated daily, and the effects observed after 1 week, 2 weeks, 3 weeks,
1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 9 months, or 1 year.

In certain embodiments, the one or more first modules comprise the vagal nerve
stimulation module, and the vagal nerve stimulation module comprises one or more
first instructions to reduce inflammation in the subject. In certain embodiments, the
one or more first modules comprise the vagal nerve stimulation module, and the vagal
nerve stimulation module comprises at least one instructions selected from the group
consisting of sense stimulation instructions for sight, sound, touch, taste, and smell. In
certain embodiments, the vagal nerve stimulation module comprises one or more sense
stimulation instructions for sight. In certain embodiments, the one or more sense
stimulation instructions for sight include one or more instructions to view one or more
figures or photos to stimulate autonomic nervous system. In certain embodiments, the
vagal nerve stimulation module comprises one or more sense stimulation instructions
for sound. In certain embodiments, the one or more sense stimulation instructions for
sound include one or more instructions to hear one or more sounds to cause horror or
relaxation. In certain embodiments, the vagal nerve stimulation module comprises one
or more sense stimulation instructions for touch. In certain embodiments, the one or
more sense stimulation instructions for touch include one or more instructions for
abdominal breathing, controlling rate of breathing, cold massage, coughing, and skin
massage. In some embodiments, the cold massage includes decreasing a temperature of
a face of the subject. In certain embodiments, the vagal nerve stimulation module
comprises one or more sense stimulation instructions for touch. In certain em-
bodiments, the one or more sense stimulation instructions for touch include one or
more instructions for abdominal breathing. In certain embodiments, the vagal nerve
stimulation module comprises one or more sense stimulation instructions for taste. In
certain embodiments, the one or more sense stimulation instructions for taste include
one or more instructions to eat food to stimulate digestive glands in the subject. In
certain embodiments, the vagal nerve stimulation module comprises one or more sense
stimulation instructions for smell. In certain embodiments, the one or more sense
stimulation instructions for smell include one or more instructions to stimulate
digestive glands and/or to relax.

In certain embodiments, the one or more first modules comprise the aerobic exercise
module, and the aerobic exercise module comprises one or more first instructions to

increase adiponectin secretion in the subject. In certain embodiments, the one or more
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first instructions comprise one or more instructions for walking, biking, aerobic dance
and/or swimming.

In certain embodiments, the one or more first modules comprise the relaxation
module, and the relaxation module comprises one or more first instructions to increase
adiponectin secretion in the subject. In certain embodiments, the one or more first in-
structions to increase adiponectin secretion in the subject comprise one or more
meditation instructions. In certain embodiments, the one or more first instructions to
increase adiponectin secretion in the subject comprise one or more sound instructions
to hear relaxing sound. In some embodiments, the one or more sound instructions
include generating relaxing sound, for example, including white noise. In additional
embodiments, the device described herein comprises a speaker configured to generate
the relaxing sound. One mechanism by which adiponectin can be increased is vagal
nerve stimulation, which produces an anti-inflammatory effect and proteolysis block.
In some embodiments, the relaxation module comprises meditation. In some em-
bodiments, the relaxation module comprises deep breathing. In some embodiments, the
relaxation module enables abdominal nerve stimulation. In some embodiments, the re-
laxation module is performed in an atmosphere or environment that is relaxing to the
patient. In some embodiments, the relaxation module comprises listening to music.
This module can be repeated daily, and the effects observed after 1 week, 2 weeks, 3
weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 9 months, or 1
year.

A session may comprise any number of digital therapeutic modules. In some em-
bodiments, a session may comprise two or more digital therapeutic modules. In some
embodiments, a session may comprise 3 or more, 4 or more, 5 or more, 6 or more, 7 or
more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or more, 14 or
more, 15 or more, 20 or more, or 25 or more digital therapeutic modules. A session
may comprise any number of digital therapeutic modules, and the digital therapeutic
modules may be independently selected from a voluntary skeletal muscle exercise
module, a vagal nerve stimulation module, an aerobic exercise module, and a re-
laxation module. In some embodiments, a session may consist of 4 digital therapeutic
modules, and the digital therapeutic modules comprise a voluntary skeletal muscle
exercise module, a vagal nerve stimulation module, an aerobic exercise module, and a
relaxation module. A person of skill in the art will appreciate that there are a vast
number of combinations for the number and type(s) of digital therapeutic modules that
may go into a particular session. A session can be repeated as frequently or as in-
frequently as needed. In some embodiments, a session can be repeated 5 times per day,
4 times per day, 3 times per day, 2 times per day, daily, every 2 days, every 3 days,

every 4 days, every 5 days, every 6 days, every 7 days, every 2 weeks, every 3 weeks,
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or every 4 weeks.

For patients having late stage cancer, it is contemplated that a voluntary skeletal
muscle exercise module can cause the patient harm. Accordingly, in certain em-
bodiments of the present disclosure, if a subject has late stage cancer, a voluntary
skeletal muscle exercise module is excluded from the method or system for treating
cancer cachexia. In certain embodiments of the present disclosure, if a subject has a
cancerous mass that is that is greater than or equal to 0.1 centimeter (cm), greater than
or equal 0.5 cm, greater than or equal 1 cm, greater than or equal 2 cm, greater than or
equal 3 cm, greater than or equal 4 cm, or greater than or equal 5 cm in diameter, a
voluntary skeletal muscle exercise module is excluded from the method or system for
treating cancer cachexia.

In some embodiments, the subject has moderate muscle atrophy, and the one or more
first modules consists of the voluntary skeletal muscle exercise module, the vagal
nerve stimulation module, the aerobic exercise module, and the relaxation module. In
some embodiments, the subject has moderate muscle atrophy, and the one or more first
modules consists of the vagal nerve stimulation module, the aerobic exercise module,
and the relaxation module.

In some embodiments, the subject has severe muscle atrophy and the method
excludes providing a voluntary skeletal muscle exercise module and further excludes
providing an aerobic exercise module.

In some embodiments, the external reviewer comprises a health professional (e.g., a
healthcare provider or doctor). In some embodiments, the external reviewer comprises
an artificial intelligence (Al). The term "artificial intelligence" can refer to intelligence
exhibited by machines. In computer science, an ideal "intelligent" machine is a flexible
rational agent that perceives its environment and takes actions that maximize its chance
of success at some goal (e.g., treating cancer cachexia in a patient). Colloquially, the
term "artificial intelligence” is applied when a machine mimics "cognitive” functions
that humans associate with other human minds, such as "learning" and "problem
solving. The term artificial intelligence may refer to an algorithm that may apply
learning skills on multiple types of information (such as physiological information, ad-
ditional information and person's medical history).

In some embodiments, the digital apparatus comprises a sensor, and the sensor
comprises one or more of: a camera, an accelerometer, a magnetometer, a light sensor,
a microphone, a proximity sensor, a touch sensor, a gyroscope, a Global Positioning
System (GPS) sensor, an ambient light sensor, a fingerprint sensor, a pedometer, a
heart rate sensor, a thermometer, a gesture recognition, and a face recognition. In some
embodiments, the sensor comprises a touch sensor, and the subject provides the

adherence information to the electronic device using the touch sensor.
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FIG. 9 depicts a flow chart illustrating a system for treating cancer cachexia, the
system comprising an administrative portal (e.g., Administrator's web), a healthcare
provider portal (e.g., Doctor's web) and a digital apparatus configured to execute a
digital application (e.g., an application or 'app') for treating cancer cachexia in a
subject. Among other things, the Administrator's portal allows an administrator to issue
doctor accounts, review doctor information, and review de-identified patient in-
formation. Among other things, the Healthcare Provider's portal allows a healthcare
provider (e.g., a doctor) to issue patient accounts, and review patient information (e.g.,
age, prescription information, and status for having completed one or more digital
therapeutic modules or sessions). Among other things, the digital application allows a
patent access to complete one or more digital therapeutic modules or sessions.

FIGS. 10A and 10B are flow charts illustrating an exemplary digital application
usage flow of the present disclosure.

FIG. 11 depicts a flow chart illustrating an execution flow for login verification
during a splash process at the starting of the digital application. In addition, a pre-
scription verification process may comprise, for example, determining if the treatment
period has expired, determining whether the subject has been recently (e.g., within the
last hour) performed a voluntary skeletal muscle exercise), determining if, based on the
prescription, the subject's sessions for the day have been completed (e.g., the subject is
compliant with the prescription). In such instances, the digital apparatus may notify the
subject that there are no sessions available to be completed.

FIG. 12 is a flow diagram illustrating an exemplary patient portal structure of a
digital application of the present disclosure. FIG. 13 is a flow chart illustrating an
exemplary patient portal of external activity use flow of a digital application of the
present disclosure. FIG. 14 is a flow chart illustrating an exemplary internal activity
use flow of a digital application of the present disclosure. FIG. 15 is a flow chart il-
lustrating an exemplary doctor portal structure and administrative portal structure of a
digital application of the present disclosure. FIG. 16 is a flow chart illustrating an
exemplary execution flow for an administrative portal in a system of the present
disclosure.

In some embodiments, the healthcare provider portal provides a healthcare provider
with one or more options, and the one or more options provided to the healthcare
provider are selected from the group consisting of adding or removing the subject,
viewing or editing personal information for the subject, viewing adherence information
for the subject, viewing a result of the subject for one or more at least partially
completed digital therapeutic modules, prescribing one or more digital therapeutic
modules to the subject, altering a prescription for one or more digital therapeutic

modules, and communicating with the subject. In some embodiments, the one or more
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options comprise the viewing or editing personal information for the subject, and the
personal information comprises one or more selected from the group consisting of an
identification number for the subject, a name of the subject, a date of birth of the
subject, an email of the subject, an email of the guardian of the subject, a contact
phone number for the subject, a prescription for the subject, and one or more notes
made by the healthcare provider about the subject. In some embodiments, the personal
information comprises the prescription for the subject, and the prescription for the
subject comprises one or more selected from the group consisting of a prescription
identification number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the
subject, and a number of scheduled or prescribed digital therapeutic modules to be
performed by the subject per day. In some embodiments, the one or more options
comprise the viewing the adherence information, and the adherence information of the
subject comprises one or more of a number of scheduled or prescribed digital
therapeutic modules completed by the subject, and a calendar identifying one or more
days on which the subject completed, partially completed, or did not complete one or
more scheduled or prescribed digital therapeutic modules. In some embodiments, the
one or more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, and an
indicator of whether the scheduled or prescribed digital therapeutic module was fully
or partially completed.

A dashboard of a healthcare provider portal will be described in more detail. The
dashboard of a healthcare provider portal may include the number of all patients as-
sociated with the present doctor's account. A graph may be used to show the number of
patients who have opened the digital application for patient per day in the most recent
90 days. The number of patients in progress may also be viewed. A graph may be used
to show the number of patients who have completed the daily sessions per day in the
most recent 90 days. The healthcare provider portal may include a patient tab
displaying a list of patients by displaying, for example, Patient ID (the unique identi-
fication number temporarily given to each patient when adding them on the list),
Patient Name, Search bar for searching by ID, Name, Email, Memo, etc., and Add
New Patient button for adding new patients. The patient tab may further display
detailed information on a given patient, for example, detailed patient information, a
button for editing patient information, prescription information, a button for adding a

new prescription, a progress status for different each prescription, and a button or link
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for sending an email to the patient. The patient tab in the healthcare provider portal
may further have an option for adding a new patient,, for example, a button for adding
a new patient, and displaying an error message when required patient information has
not been provided. The patient tab in the healthcare provider portal may further include
options for editing information of an existing patient by providing, e.g., a button or
link for resetting a password, a button for deleting a given patient, and a button for
saving changes. In addition, detailed prescription information can be displayed for a
given patient. For example, the patient tab in the healthcare provider portal may
include or dipslay a button for editing prescription information, the duration of the
sessions attended by the patient or subject, and an overview the treatment progress.
Seven days are represented as a line or row of 7 squares. For 12 weeks, each 6 weeks
may be presented separately. Different colors may be used to discern session statuses
(e.g., grey for sessions not started, red for sessions not attended, yellow for sessions
partially attended, and green for sessions fully attended). In some embodiments, the
administrative portal provides an administrator with one or more options, and the one
or more options provided to the administrator of the system are selected from the group
consisting of adding or removing the healthcare provider, viewing or editing personal
information for the healthcare provider, viewing or editing de-identified information of
the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, and
communicating with the healthcare provider. In some embodiments, the one or more
options comprise the viewing or editing the personal information, and the personal in-
formation of the healthcare provider comprises one or more selected from the group
consisting of an identification number for the healthcare provider, a name of the
healthcare provider, an email of the healthcare provider, and a contact phone number
for the healthcare provider. In some embodiments, the one or more options comprise
the viewing or editing the de-identified information of the subject, and the de-
identified information of the subject comprises one or more selected from the group
consisting of an identification number for the subject, and the healthcare provider for
the subject. In some embodiments, the one or more options comprise the viewing the
adherence information for the subject, and the adherence information of the subject
comprises one or more of a number of scheduled or prescribed digital therapeutic
modules completed by the subject, and a calendar identifying one or more days on
which the subject completed, partially completed, or did not complete one or more
scheduled or prescribed digital therapeutic modules. In some embodiments, the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules

comprises one or more selected from the group consisting of a time at which the
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subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, and an
indicator of whether the scheduled or prescribed digital therapeutic module was fully
or partially completed.

A dashboard of an administrative portal may show the number of doctors. A graph
may be used to show the number of doctors that have visited the digital application per
day in the most recent 90 days. The number of all patients associated with the any
doctor's account may be displayed on the administrative portal. A graph may be used
to show the number of patients who have opened the digital application for patient per
day in the most recent 90 days. The number of patients in progress may also be
viewed. A graph may be used to show the number of patients who have completed the
daily sessions per day in the most recent 90 days. A doctor tab in an administrative
portal may display a list of doctors, by displaying, e.g., a search bar for searching for
various doctors by name, email, etc., a button for adding a new doctor, the doctor's ID,
a button for viewing detailed doctor information, and s deactivated doctor accounts.
The doctor tab in the administrative portal further display a list of patients being cared
for by a given doctor, with patient-identifying information redacted (*). For instance,
the doctor tab displays is the doctor's account information, a button for editing the
doctor's account information, a list of patients being cared for by the doctor, a list of
patient ID numbers , a link or button for sending the doctor a registration email, a noti-
fication that the doctor's account has been deactivated, which only appears for de-
activated accounts, and redacted or de-identified patient information. The doctor tab in
the administrative portal may have options for adding a new doctor, editing in-
formation of an existing doctor, including activating or deactivating a doctor's account,
etc. Additionally, a patient tab in the administrative portal displays information for one
or more patients, wherein sensitive information is redacted. For example, the patient
tab in the administrative portal displays detailed patient or prescription information for
a given patient Or detailed prescription information for a given patient.

While the disclosure has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended claims.

Certain Embodiments

Embodiment 1. A method of treating cancer cachexia in a subject in need thereof, the
method comprising: providing, by an electronic device to the subject, one or more first
modules selected from the group consisting of a voluntary skeletal muscle exercise
module, a vagal nerve stimulation module, an aerobic exercise module, and a re-

laxation module, each of the one or more first modules comprising one or more first in-
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structions for the subject to follow; wherein the electronic device (i) comprises a
sensor sensing adherence by the subject to the first instructions of the one or more first
modules, (ii) transmits adherence information, based on the adherence, to a server, and
(iii) receives one or more second instructions from the server based on the adherence
information; and providing, by the electronic device to the subject, one or more second
modules selected from the group consisting of a voluntary skeletal muscle exercise
module, a vagal nerve stimulation module, an aerobic exercise module, and a re-
laxation module, the one or more second modules comprising the one or more second
instructions.

Embodiment 2. The method according to Embodiment 1, wherein the one or more
first modules comprise the voluntary skeletal muscle exercise module, and the
voluntary skeletal muscle exercise module comprises one or more first instructions to
increase MGF/IGF-1 secretion in the subject.

Embodiment 3. The method according to Embodiment 2, wherein said one or more
first instructions comprise instructions for aerobic, resistance, and/or concurrent
exercise.

Embodiment 4. The method according to any one of Embodiments 1-3, wherein the
one or more first modules comprise the vagal nerve stimulation module, and the vagal
nerve stimulation module comprises one or more first instructions to reduce in-
flammation in the subject.

Embodiment 5. The method according to any one of Embodiments 1-4, wherein the
one or more first modules comprise the vagal nerve stimulation module, and the vagal
nerve stimulation module comprises at least one instructions selected from the group
consisting of sense stimulation instructions for sight, sound, touch, taste, and smell.

Embodiment 6. The method according to Embodiment 5, wherein the vagal nerve
stimulation module comprises one or more sense stimulation instructions for sight, and
the one or more sense stimulation instructions for sight include one or more in-
structions to view one or more figures to stimulate autonomic nervous system.

Embodiment 7. The method according to Embodiment 6, wherein the electronic
device receives and displays the figures.

Embodiment 8. The method according to any one of Embodiments 5-7, wherein the
vagal nerve stimulation module comprises one or more sense stimulation instructions
for sound, and the one or more sense stimulation instructions for sound include one or
more instructions to hear one or more sounds to cause horror or relaxation.

Embodiment 9. The method according to Embodiment 8, wherein the electronic
device receives and plays the sounds.

Embodiment 10. The method according to any one of Embodiments 5-9, wherein the

vagal nerve stimulation module comprises one or more sense stimulation instructions
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for touch, and the one or more sense stimulation instructions for touch include one or
more instructions for abdominal breathing, controlling rate of breathing, cold massage,
coughing, and skin massage.

Embodiment 11. The method according to any one of Embodiments 5-10, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for touch, and the one or more sense stimulation instructions for touch
include one or more instructions for abdominal breathing.

Embodiment 12. The method according to any one of Embodiments 5-11, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for taste, and the one or more sense stimulation instructions for taste include
one or more instructions to eat food to stimulate digestive glands in the subject.

Embodiment 13. The method according to Embodiment 12, wherein the electronic
device receives and display information related to the food.

Embodiment 14. The method according to any one of Embodiments 5-13, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for smell, and the one or more sense stimulation instructions for smell
include one or more instructions to stimulate digestive glands and/or to relax.

Embodiment 15. The method according to Embodiment 14, wherein the electronic
device is configured to release a scent for aroma therapy.

Embodiment 16. The method according to any one of Embodiments 1-15, wherein
the one or more first modules comprise the aerobic exercise module, and the aerobic
exercise module comprises one or more first instructions to increase adiponectin
secretion in the subject.

Embodiment 17. The method according to Embodiment 16, wherein said one or more
first instructions comprise one or more instructions for walking, biking, aerobic dance
and/or swimming.

Embodiment 18. The method according to any one of Embodiments 1-17, wherein
the one or more first modules comprise the relaxation module, and the relaxation
module comprises one or more first instructions to increase adiponectin secretion in the
subject.

Embodiment 19. The method according to Embodiment 18, wherein said one or more
first instructions comprise one or more meditation instructions.

Embodiment 20. The method according to Embodiment 18 or 19, wherein said one
or more first instructions comprise one or more sound instructions to hear relaxing
sound.

Embodiment 21. The method according to Embodiment 20, wherein the device
receives and plays the relaxing sound.

Embodiment 22. The method according to any one of Embodiments 1-21, wherein
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the subject is an early cancer patient.

Embodiment 23. The method according to any one of Embodiments 1-21, wherein
the subject has a cancer mass having a diameter of 3 cm or less.

Embodiment 24. The method according to any one of Embodiments 1 and 4-21,
wherein the subject is a late cancer patient, and the method excludes providing a
voluntary skeletal muscle exercise module.

Embodiment 25. The method according to any one of Embodiments 1 and 4-21,
wherein the subject has a cancer mass having a diameter of more than 3 cm, and the
method excludes providing a voluntary skeletal muscle exercise module.

Embodiment 26. The method according to Embodiment 22 or 23, wherein the subject
has moderate muscle atrophy, and the one or more first modules consists of the
voluntary skeletal muscle exercise module, the vagal nerve stimulation module, the
aerobic exercise module, and the relaxation module.

Embodiment 27. The method according to Embodiment 25 or 26, wherein the subject
has moderate muscle atrophy, and the one or more first modules consists of the vagal
nerve stimulation module, the aerobic exercise module, and the relaxation module.

Embodiment 28. The method according to any one of Embodiments 1-27, wherein
the subject has moderate muscle atrophy (in spec, define the moderate muscle atrophy
as still being able to walk).

Embodiment 29. The method according to any one of Embodiments 1, 4-15, and
18-25, wherein the subject has severe muscle atrophy, and the method excludes
providing a voluntary skeletal muscle exercise module and further excludes providing
an aerobic exercise module.

Embodiment 30. The method according to Embodiment 29, wherein the one or more
first modules consists of the vagal nerve stimulation module and the relaxation
module.

Embodiment 31. The method according to any The method according to any one of
Embodiments 1-30, wherein the server receives the one or more second instructions
from an external reviewer.

Embodiment 32. The method according to any one of Embodiments 1-31, wherein
the external reviewer comprises a health professional.

Embodiment 33. The method according to any one of Embodiments 1-32, wherein
the external reviewer comprises an artificial intelligence (AI).

Embodiment 34. The method according to any one of Embodiments 1-33, wherein
the sensor comprises one or more of: a camera, an accelerometer, a magnetometer, a
light sensor, a microphone, a proximity sensor, a touch sensor, a gyroscope, a Global
Positioning System (GPS) sensor, an ambient light sensor, a fingerprint sensor, a

pedometer, a heart rate sensor, and a thermometer.
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Embodiment 35. The method according to any one of Embodiments 1-34, wherein
the sensor comprises a touch sensor, and the subject provides the adherence in-
formation to the electronic device using the touch sensor.

Embodiment 36. A system for treating cancer cachexia in a subject, comprising: a
digital apparatus configured to execute a digital application comprising one or more
first modules, for treating cancer cachexia in a subject, wherein the digital apparatus
comprises a sensor for sensing adherence by the subject to a first set of instructions of
the one or more first modules; a healthcare provider portal configured to provide one
or more options to a healthcare provider to perform one or more tasks to prescribe
treatment for the cancer cachexia in the subject based on information received from the
digital application; and an administrative portal configured to provide one or more
options to an administrator of the system to perform one or more tasks to manage
access to the system by the healthcare provider.

Embodiment 37. The system of Embodiment 36, wherein the digital application for
treating cancer cachexia instructs a processor of the digital apparatus to execute op-
erations comprising:

generating digital therapeutic modules for treating cancer cachexia based on a
mechanism of action in and a therapeutic hypothesis for the cancer cachexia.

Embodiment 38. The system of Embodiment 37, wherein the generating of the digital
therapeutic modules comprises generating the digital therapeutic modules based on
biochemical factors related to the cancer cachexia.

Embodiment 39. The system according to Embodiment 36, wherein the one or more
first modules comprise the voluntary skeletal muscle exercise module, and the
voluntary skeletal muscle exercise module comprises one or more first instructions to
increase MGF/IGF-1 secretion in the subject.

Embodiment 40. The system according to Embodiment 39, wherein said one or more
first instructions comprise instructions for aerobic, resistance, and/or concurrent
exercise.

Embodiment 41. The system according to any one of Embodiments 36-40, wherein
the one or more first modules comprise the vagal nerve stimulation module, and the
vagal nerve stimulation module comprises one or more first instructions to reduce in-
flammation in the subject.

Embodiment 42. The system according to any one of Embodiments 36-41, wherein
the one or more first modules comprise the vagal nerve stimulation module, and the
vagal nerve stimulation module comprises at least one instructions selected from the
group consisting of sense stimulation instructions for sight, sound, touch, taste, and
smell.

Embodiment 43. The system according to Embodiment 42, wherein the vagal nerve
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stimulation module comprises one or more sense stimulation instructions for sight, and
the one or more sense stimulation instructions for sight include one or more in-
structions to view one or more figures (define in spec to include specific photos) to
stimulate autonomic nervous system.

[164] Embodiment 44. The system according to Embodiment 43, wherein the electronic
device receives and displays the figures.

[165] Embodiment 45. The system according to any one of Embodiments 42-44, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for sound, and the one or more sense stimulation instructions for sound
include one or more instructions to hear one or more sounds to cause horror or re-
laxation.

[166] Embodiment 46. The system according to Embodiment 45, wherein the electronic
device receives and plays the sounds.

[167] Embodiment 47. The system according to any one of Embodiments 42-46, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for touch, and the one or more sense stimulation instructions for touch
include one or more instructions for abdominal breathing, controlling rate of breathing,
cold massage, coughing, and skin massage.

[168] Embodiment 48. The system according to any one of Embodiments 42-47, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for touch, and the one or more sense stimulation instructions for touch
include one or more instructions for abdominal breathing.

[169] Embodiment 49. The system according to any one of Embodiments 42-48, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for taste, and the one or more sense stimulation instructions for taste include
one or more instructions to eat food to stimulate digestive glands in the subject.

[170] Embodiment 50. The system according to Embodiment 49, wherein the electronic
device receives and display information related to the food.

[171] Embodiment 51. The system according to any one of Embodiments 42-50, wherein
the vagal nerve stimulation module comprises one or more sense stimulation in-
structions for smell, and the one or more sense stimulation instructions for smell
include one or more instructions to stimulate digestive glands and/or to relax.

[172] Embodiment 52. The system according to Embodiment 51, wherein the electronic
device is configured to release a scent for aroma therapy.

[173] Embodiment 53. The system according to any one of Embodiments 36-52, wherein
the one or more first modules comprise the aerobic exercise module, and the aerobic
exercise module comprises one or more first instructions to increase adiponectin

secretion in the subject.
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Embodiment 54. The system according to Embodiment 53, wherein said one or more
first instructions comprise one or more instructions for walking, biking, aerobic dance
and/or swimming.

Embodiment 55. The system according to any one of Embodiments 36-54, wherein
the one or more first modules comprise the relaxation module, and the relaxation
module comprises one or more first instructions to increase adiponectin secretion in the
subject.

Embodiment 56. The system according to Embodiment 55, wherein said one or more
first instructions comprise one or more meditation instructions.

Embodiment 57. The system according to Embodiment 55 or 56, wherein said one or
more first instructions comprise one or more sound instructions to hear relaxing sound.

Embodiment 58. The system according to Embodiment 57, wherein the device
receives and plays the relaxing sound.

Embodiment 59. The system according to any one of Embodiments 36-58, wherein
the subject is an early cancer patient.

Embodiment 60. The system according to any one of Embodiments 36-58, wherein
the subject has a cancer mass having a diameter of 3 cm or less.

Embodiment 61. The system according to any one of Embodiments 36 and 41-58,
wherein the subject is a late cancer patient, and the system excludes providing a
voluntary skeletal muscle exercise module.

Embodiment 62. The system according to any one of Embodiments 36 and 41-58,
wherein the subject has a cancer mass having a diameter of more than 3cm, and the
system excludes providing a voluntary skeletal muscle exercise module.

Embodiment 63. The system according to Embodiment 59 or 60, wherein the subject
has moderate muscle atrophy, and the one or more first modules consists of the
voluntary skeletal muscle exercise module, the vagal nerve stimulation module, the
aerobic exercise module, and the relaxation module.

Embodiment 64. The system according to Embodiment 62 or 63, wherein the subject
has moderate muscle atrophy, and the one or more first modules consists of the vagal
nerve stimulation module, the aerobic exercise module, and the relaxation module.

Embodiment 65. The system according to any one of Embodiments 36-64, wherein
the subject has moderate muscle atrophy (in spec, define the moderate muscle atrophy
as still being able to walk).

Embodiment 66. The system according to any one of Embodiments 36, 41-52, and
55-62, wherein the subject has severe muscle atrophy (in spec, define the severe
muscle atrophy as not being able to walk), and the system excludes providing a
voluntary skeletal muscle exercise module and further excludes providing an aerobic

exercise module.
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Embodiment 67. The system according to Embodiment 66, wherein the one or more
first modules consists of the vagal nerve stimulation module and the relaxation
module.

Embodiment 68. The system according to any one of Embodiments 36-67, wherein
the digital application transmits data to a server, and wherein the server receives the
one or more second instructions from an external reviewer.

Embodiment 69. The system according to any one of Embodiments 36-68, wherein
the external reviewer comprises a health professional.

Embodiment 70. The system according to any one of Embodiments 36-69, wherein
the external reviewer comprises an artificial intelligence (Al).

Embodiment 71. The system according to any one of Embodiments 36-70, wherein
the sensor comprises one or more of: a camera, an accelerometer, a magnetometer, a
light sensor, a microphone, a proximity sensor, a touch sensor, a gyroscope, a Global
Positioning System (GPS) sensor, an ambient light sensor, a fingerprint sensor, a
pedometer, a heart rate sensor, and a thermometer.

Embodiment 72. The system according to any one of Embodiments 36-65, wherein
the sensor comprises a touch sensor, and the subject provides the adherence in-
formation to the electronic device using the touch sensor.

Embodiment 73. The system according to any one of Embodiment 36-72, wherein
the one or more options provided to the healthcare provider are selected from the group
consisting of adding or removing the subject, viewing or editing personal information
for the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, pre-
scribing one or more digital therapeutic modules to the subject, altering a prescription
for one or more digital therapeutic modules, and communicating with the subject.

Embodiment 74. The system of Embodiment 73, wherein the one or more options
comprise the viewing or editing personal information for the subject, and the personal
information comprises one or more selected from the group consisting of an identi-
fication number for the subject, a name of the subject, a date of birth of the subject, an
email of the subject, an email of the guardian of the subject, a contact phone number
for the subject, a prescription for the subject, and one or more notes made by the
healthcare provider about the subject.

Embodiment 75. The system of Embodiment 74, wherein the personal information
comprises the prescription for the subject, and the prescription for the subject
comprises one or more selected from the group consisting of a prescription identi-
fication number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the

subject, and a number of scheduled or prescribed digital therapeutic modules to be
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performed by the subject per day.

Embodiment 76. The system of any one of Embodiments 73-75, wherein the one or
more options comprise the viewing the adherence information, and the adherence in-
formation of the subject comprises one or more of a number of scheduled or prescribed
digital therapeutic modules completed by the subject, and a calendar identifying one or
more days on which the subject completed, partially completed, or did not complete
one or more scheduled or prescribed digital therapeutic modules.

Embodiment 77. The system of any one of Embodiments 73-76, wherein the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI).

Embodiment 78. The system of Embodiment 36-77, wherein the one or more options
provided to the administrator of the system are selected from the group consisting of
adding or removing the healthcare provider, viewing or editing personal information
for the healthcare provider, viewing or editing de-identified information of the subject,
viewing adherence information for the subject, viewing a result of the subject for one
or more at least partially completed digital therapeutic modules, and communicating
with the healthcare provider.

Embodiment 79. The system of Embodiment 78, wherein the one or more options
comprise the viewing or editing the personal information, and the personal information
of the healthcare provider comprises one or more selected from the group consisting of
an identification number for the healthcare provider, a name of the healthcare provider,
an email of the healthcare provider, and a contact phone number for the healthcare
provider.

Embodiment 80. The system of Embodiment 78 or 79, wherein the one or more
options comprise the viewing or editing the de-identified information of the subject,
and the de-identified information of the subject comprises one or more selected from
the group consisting of an identification number for the subject, and the healthcare
provider for the subject.

Embodiment 81. The system of any one of Embodiments 78-80, wherein the one or
more options comprise the viewing the adherence information for the subject, and the
adherence information of the subject comprises one or more of a number of scheduled
or prescribed digital therapeutic modules completed by the subject, and a calendar

identifying one or more days on which the subject completed, partially completed, or
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did not complete one or more scheduled or prescribed digital therapeutic modules.

Embodiment 82. The system of any one of Embodiments 73-81, wherein the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI).

Embodiment 83. The system of Embodiment 36-82, wherein the digital application
further comprises a push alarm for one or more of reminding the subject complete a
digital therapeutic module.

Embodiment 84. The system of Embodiment 36-83, wherein the digital apparatus
comprises: a digital instruction generation unit configured to generate digital
therapeutic modules for treating cancer cachexia, generate digital instructions based on
the digital therapeutic modules, and provide the digital instructions to the subject; and
an outcome collection unit configured to collect the subject's execution outcomes of
the digital instructions.

Embodiment 85. The system of Embodiment 36-84, wherein the digital instruction
generation unit generates the digital therapeutic modules based on biochemical factors
related to the cancer cachexia onset.

Embodiment 86. The system of Embodiment 85, wherein the biochemical factors
comprise insulin-like growth factor 1 (IGF1) and hypoxia-inducible factor 1 (HIF1).

Embodiment 87. The system of Embodiment 36-86, wherein the digital instruction
generation unit generates the digital therapeutic modules based on the inputs from the
healthcare provider.

Embodiment 88. The system of Embodiment 36-87, wherein the digital instruction
generation unit generates the digital therapeutic modules based on information
received from the subject.

Embodiment 89. The system of Embodiment 88, wherein the information is received
from the subject comprises at least one of basal factors, medical information, and
digital therapeutics literacy of the subject, the basal factors including the subject's
activity, heart rate, sleep, and diet (including nutrition and calories), the medical in-
formation including the subject's electronic medical record (EMR), family history,
genetic vulnerability, and genetic susceptibility, and the digital therapeutics literacy
including the subject's accessibility, and technology adoption to the digital therapeutics
and the apparatus.

Embodiment 90. The system of Embodiment 36-89, wherein the digital instruction
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generation unit generates the digital therapeutic modules matching to imaginary pa-
rameters which correspond to the mechanism of action in and the therapeutic hy-
pothesis for the cancer cachexia.

Embodiment 91. The system of Embodiment 90, wherein the imaginary parameters
are deduced in relation to the subject's environment, behaviors, emotions, and
cognition.

Embodiment 92. The system of Embodiment 36-91, wherein the outcome collection
unit collects the execution outcomes of the digital instructions by monitoring the
subject's adherence to the digital instructions or allowing the subject to directly input
the subject's adherence to the digital instructions.

Embodiment 93. The system of Embodiment 36-92, wherein the generation of the
digital instructions at the digital instruction generation unit and the collection of the
subject's execution outcomes of the digital instructions at the outcome collection unit
are repeatedly executed several times with multiple feedback loops, and the digital in-
struction generation unit generates the subject's digital instructions for this cycle based
on the subject’s digital instructions in the previous cycle and the execution outcome
data on the subject's digital instructions in the previous cycle collected at the outcome
collection unit.

Embodiment 94. A computing system for treating cancer cachexia in a subject in
need thereof, comprising: a display configured to provide, to the subject, one or more
first modules selected from the group consisting of a voluntary skeletal muscle
exercise module, a vagal nerve stimulation module, an aerobic exercise module, and a
relaxation module, each of the one or more first modules comprising one or more first
instructions for the subject to follow; a sensor configured to sense adherence by the
subject to the instructions of the one or more first modules; a transmitter configured to
transmit adherence information, based on the adherence, to a server; and a receiver
configured to receive, from the server, one or more second instructions based on the
adherence information, wherein the display is further configured to provide, to the
subject, one or more second modules selected from the group consisting of a voluntary
skeletal muscle exercise module, a vagal nerve stimulation module, an aerobic exercise
module, and a relaxation module, each of the one or more second modules comprising
the one or more second instructions.

Embodiment 95. The computing system of Embodiment 94, wherein the digital ap-
plication for treating cancer cachexia instructs a processor of the digital apparatus to
execute operations comprising: generating digital therapeutic modules for treating
cancer cachexia based on a mechanism of action in and a therapeutic hypothesis for the
cancer cachexia.

Embodiment 96. The computing system of Embodiment 95, wherein the generating
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of the digital therapeutic modules comprises generating the digital therapeutic modules
based on biochemical factors related to the cancer cachexia.

Embodiment 97. The computing system of Embodiment 94, wherein the one or more
first modules comprise the voluntary skeletal muscle exercise module, and the
voluntary skeletal muscle exercise module comprises one or more first instructions to
increase MGF/IGF-1 secretion in the subject.

Embodiment 98. The computing system of Embodiment 97, wherein said one or
more first instructions comprise instructions for aerobic, resistance, and/or concurrent
exercise.

Embodiment 99. The computing system of any one of Embodiments 94-98, wherein
the one or more first modules comprise the vagal nerve stimulation module, and the
vagal nerve stimulation module comprises one or more first instructions to reduce in-
flammation in the subject.

Embodiment 100. The computing system of any one of Embodiments 94-99, wherein
the one or more first modules comprise the vagal nerve stimulation module, and the
vagal nerve stimulation module comprises at least one instructions selected from the
group consisting of sense stimulation instructions for sight, sound, touch, taste, and
smell.

Embodiment 101. The computing system of Embodiment 100, wherein the vagal
nerve stimulation module comprises one or more sense stimulation instructions for
sight, and the one or more sense stimulation instructions for sight include one or more
instructions to view one or more figures (define in spec to include specific photos) to
stimulate autonomic nervous system.

Embodiment 102. The computing system of Embodiment 101, wherein the electronic
device receives and displays the figures.

Embodiment 103. The computing system of any one of Embodiments 100-102,
wherein the vagal nerve stimulation module comprises one or more sense stimulation
instructions for sound, and the one or more sense stimulation instructions for sound
include one or more instructions to hear one or more sounds to cause horror or re-
laxation.

Embodiment 104. The computing system of Embodiment 103, wherein the electronic
device receives and plays the sounds.

Embodiment 105. The computing system of any one of Embodiments 100-104,
wherein the vagal nerve stimulation module comprises one or more sense stimulation
instructions for touch, and the one or more sense stimulation instructions for touch
include one or more instructions for abdominal breathing, controlling rate of breathing,
cold massage, coughing, and skin massage.

Embodiment 106. The computing system of any one of Embodiments 100-105,
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wherein the vagal nerve stimulation module comprises one or more sense stimulation
instructions for touch, and the one or more sense stimulation instructions for touch
include one or more instructions for abdominal breathing.

Embodiment 107. The computing system of any one of Embodiments 100-106,
wherein the vagal nerve stimulation module comprises one or more sense stimulation
instructions for taste, and the one or more sense stimulation instructions for taste
include one or more instructions to eat food to stimulate digestive glands in the subject.

Embodiment 108. The computing system of Embodiment 107, wherein the electronic
device receives and display information related to the food.

Embodiment 109. The computing system of any one of Embodiments 100-108,
wherein the vagal nerve stimulation module comprises one or more sense stimulation
instructions for smell, and the one or more sense stimulation instructions for smell
include one or more instructions to stimulate digestive glands and/or to relax.

Embodiment 110. The computing system of Embodiment 109, wherein the electronic
device is configured to release a scent for aroma therapy.

Embodiment 111. The computing system of any one of Embodiments 94-110,
wherein the one or more first modules comprise the aerobic exercise module, and the
aerobic exercise module comprises one or more first instructions to increase
adiponectin secretion in the subject.

Embodiment 112. The computing system of Embodiment 111, wherein said one or
more first instructions comprise one or more instructions for walking, biking, aerobic
dance and/or swimming.

Embodiment 113. The computing system of any one of Embodiments 94-112,
wherein the one or more first modules comprise the relaxation module, and the re-
laxation module comprises one or more first instructions to increase adiponectin
secretion in the subject.

Embodiment 114. The computing system of Embodiment 113, wherein said one or
more first instructions comprise one or more meditation instructions.

Embodiment 115. The computing system of Embodiment 113 or 114, wherein said
one or more first instructions comprise one or more sound instructions to hear relaxing
sound.

Embodiment 116. The computing system of Embodiment 115, wherein the device
receives and plays the relaxing sound.

Embodiment 117. The computing system of any one of Embodiments 94-116,
wherein the subject is an early cancer patient.

Embodiment 118. The computing system of any one of Embodiments 94-116,
wherein the subject has a cancer mass having a diameter of 3 cm or less.

Embodiment 119. The computing system of any one of Embodiments 94 and 99-116,
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wherein the subject is a late cancer patient, and the system excludes providing a
voluntary skeletal muscle exercise module.

Embodiment 120. The computing system of any one of Embodiments 94 and 99-116,
wherein the subject has a cancer mass having a diameter of more than 3cm, and the
system excludes providing a voluntary skeletal muscle exercise module.

Embodiment 121. The computing system of Embodiment 117 or 118, wherein the
subject has moderate muscle atrophy, and the one or more first modules consists of the
voluntary skeletal muscle exercise module, the vagal nerve stimulation module, the
aerobic exercise module, and the relaxation module.

Embodiment 122. The computing system of Embodiment 120 or 121, wherein the
subject has moderate muscle atrophy, and the one or more first modules consists of the
vagal nerve stimulation module, the aerobic exercise module, and the relaxation
module.

Embodiment 123. The computing system of any one of Embodiments 94-122,
wherein the subject has moderate muscle atrophy (in spec, define the moderate muscle
atrophy as still being able to walk).

Embodiment 124. The computing system of any one of Embodiments 94, 99-110,
and 113-120, wherein the subject has severe muscle atrophy (in spec, define the severe
muscle atrophy as not being able to walk), and the system excludes providing a
voluntary skeletal muscle exercise module and further excludes providing an aerobic
exercise module.

Embodiment 125. The computing system of Embodiment 125, wherein the one or
more first modules consists of the vagal nerve stimulation module and the relaxation
module.

Embodiment 126. The computing system of any one of Embodiments 94-125,
wherein the digital application transmits data to a server, and wherein the server
receives the one or more second instructions from an external reviewer.

Embodiment 127. The computing system of any one of Embodiments 94-126,
wherein the external reviewer comprises a health professional.

Embodiment 128. The computing system of any one of Embodiments 94-127,
wherein the external reviewer comprises an artificial intelligence (AI).

Embodiment 129. The computing system of any one of Embodiments 94-128,
wherein the sensor comprises one or more of: a camera, an accelerometer, a mag-
netometer, a light sensor, a microphone, a proximity sensor, a touch sensor, a
gyroscope, a Global Positioning System (GPS) sensor, an ambient light sensor, a fin-
gerprint sensor, a pedometer, a heart rate sensor, and a thermometer.

Embodiment 130. The computing system of any one of Embodiments 94-123,

wherein the sensor comprises a touch sensor, and the subject provides the adherence
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information to the electronic device using the touch sensor.

Embodiment 131. The computing system of Embodiment 94-130, wherein the one or
more options provided to the healthcare provider are selected from the group
consisting of adding or removing the subject, viewing or editing personal information
for the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, pre-
scribing one or more digital therapeutic modules to the subject, altering a prescription
for one or more digital therapeutic modules, and communicating with the subject.

Embodiment 132. The computing system of Embodiment 131, wherein the one or
more options comprise the viewing or editing personal information for the subject, and
the personal information comprises one or more selected from the group consisting of
an identification number for the subject, a name of the subject, a date of birth of the
subject, an email of the subject, an email of the guardian of the subject, a contact
phone number for the subject, a prescription for the subject, and one or more notes
made by the healthcare provider about the subject.

Embodiment 133. The computing system of Embodiment 132, wherein the personal
information comprises the prescription for the subject, and the prescription for the
subject comprises one or more selected from the group consisting of a prescription
identification number, a prescription type, a start date, a duration, a completion date, a
number of scheduled or prescribed digital therapeutic modules to be performed by the
subject, and a number of scheduled or prescribed digital therapeutic modules to be
performed by the subject per day.

Embodiment 134. The computing system of Embodiment 131, wherein the one or
more options comprise the viewing the adherence information, and the adherence in-
formation of the subject comprises one or more of a number of scheduled or prescribed
digital therapeutic modules completed by the subject, and a calendar identifying one or
more days on which the subject completed, partially completed, or did not complete
one or more scheduled or prescribed digital therapeutic modules.

Embodiment 135. The computing system of Embodiment 131, wherein the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI).

Embodiment 136. The computing system of Embodiment 94-135, wherein the one or

more options provided to the administrator of the system are selected from the group
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consisting of adding or removing the healthcare provider, viewing or editing personal
information for the healthcare provider, viewing or editing de-identified information of
the subject, viewing adherence information for the subject, viewing a result of the
subject for one or more at least partially completed digital therapeutic modules, and
communicating with the healthcare provider.

Embodiment 137. The computing system of Embodiment 136, wherein the one or
more options comprise the viewing or editing the personal information, and the
personal information of the healthcare provider comprises one or more selected from
the group consisting of an identification number for the healthcare provider, a name of
the healthcare provider, an email of the healthcare provider, and a contact phone
number for the healthcare provider.

Embodiment 138. The computing system of Embodiment 136, wherein the one or
more options comprise the viewing or editing the de-identified information of the
subject, and the de-identified information of the subject comprises one or more
selected from the group consisting of an identification number for the subject, and the
healthcare provider for the subject.

Embodiment 139. The computing system of Embodiment 136, wherein the one or
more options comprise the viewing the adherence information for the subject, and the
adherence information of the subject comprises one or more of a number of scheduled
or prescribed digital therapeutic modules completed by the subject, and a calendar
identifying one or more days on which the subject completed, partially completed, or
did not complete one or more scheduled or prescribed digital therapeutic modules.

Embodiment 140. The computing system of Embodiment 136, wherein the one or
more options comprise the viewing the result of the subject, and the result of the
subject for one or more at least partially completed digital therapeutic modules
comprises one or more selected from the group consisting of a time at which the
subject started a scheduled or prescribed digital therapeutic module, a time at which
the subject ended a scheduled or prescribed digital therapeutic module, an indicator of
whether the scheduled or prescribed digital therapeutic module was fully or partially
completed, and an exercise intensity (EI).

Embodiment 141. The computing system of Embodiment 94-140, wherein the digital
application further comprises a push alarm for one or more of reminding the subject
complete a digital therapeutic module.

Embodiment 142. The computing system of Embodiment 94-141, wherein the digital
apparatus comprises: a digital instruction generation unit configured to generate digital
therapeutic modules for treating cancer cachexia, generate digital instructions based on
the digital therapeutic modules, and provide the digital instructions to the subject; and

an outcome collection unit configured to collect the subject's execution outcomes of
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the digital instructions.

Embodiment 143. The computing system of Embodiment 94-142, wherein the digital
instruction generation unit generates the digital therapeutic modules based on bio-
chemical factors related to the cancer cachexia onset.

Embodiment 144. The computing system of Embodiment 143, wherein the bio-
chemical factors comprise insulin-like growth factor 1 (IGF1) and hypoxia-inducible
factor 1 (HIF1).

Embodiment 145. The computing system of Embodiment 94-144, wherein the digital
instruction generation unit generates the digital therapeutic modules based on the
inputs from the healthcare provider.

Embodiment 146. The computing system of Embodiment 94-145, wherein the digital
instruction generation unit generates the digital therapeutic modules based on in-
formation received from the subject.

Embodiment 147. The computing system of Embodiment 146, wherein the in-
formation is received from the subject comprises at least one of basal factors, medical
information, and digital therapeutics literacy of the subject, the basal factors including
the subject's activity, heart rate, sleep, and diet (including nutrition and calories), the
medical information including the subject's electronic medical record (EMR), family
history, genetic vulnerability, and genetic susceptibility, and the digital therapeutics
literacy including the subject's accessibility, and technology adoption to the digital
therapeutics and the apparatus.

Embodiment 148. The computing system of Embodiment 94-147, wherein the digital
instruction generation unit generates the digital therapeutic modules matching to
imaginary parameters which correspond to the mechanism of action in and the
therapeutic hypothesis for the cancer cachexia.

Embodiment 149. The computing system of Embodiment 90, wherein the imaginary
parameters are deduced in relation to the subject's environment, behaviors, emotions,
and cognition.

Embodiment 150. The computing system of Embodiment 94-149, wherein the
outcome collection unit collects the execution outcomes of the digital instructions by
monitoring the subject's adherence to the digital instructions or allowing the subject to
directly input the subject's adherence to the digital instructions.

Embodiment 151. The computing system of Embodiment 94-150, wherein the
generation of the digital instructions at the digital instruction generation unit and the
collection of the subject's execution outcomes of the digital instructions at the outcome
collection unit are repeatedly executed several times with multiple feedback loops, and
the digital instruction generation unit generates the subject's digital instructions for this

cycle based on the subject's digital instructions in the previous cycle and the execution
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outcome data on the subject's digital instructions in the previous cycle collected at the
outcome collection unit.

Embodiment 152. A non-transitory computer readable medium having stored thereon
software instructions for treating cancer cachexia in a subject in need thereof that,
when executed by a processor, cause the processor to: display, by an electronic device
to the subject, one or more first modules selected from the group consisting of a
voluntary skeletal muscle exercise module, a vagal nerve stimulation module, an
aerobic exercise module, and a relaxation module, each of the one or more first
modules comprising instructions for the subject to follow; sense, by a sensor in the
electronic device, adherence by the subject to the instructions of the one or more first
modules; transmit, by the electronic device, adherence information, based on the
adherence, to a server; receive, from the server, one or more second instructions based
on the adherence information; and display, to the subject, one or more second modules
selected from the group consisting of a voluntary skeletal muscle exercise module, a
vagal nerve stimulation module, an aerobic exercise module, and a relaxation module,
the one or more second modules comprising the one or more second instructions.

Embodiment 153. The non-transitory computer readable medium of Embodiment
152, wherein the digital application for treating cancer cachexia instructs a processor
of the digital apparatus to execute operations comprising: generating digital therapeutic
modules for treating cancer cachexia based on a mechanism of action in and a
therapeutic hypothesis for the cancer cachexia.

Embodiment 154. The non-transitory computer readable medium of Embodiment
153, wherein the generating of the digital therapeutic modules comprises generating
the digital therapeutic modules based on biochemical factors related to the cancer
cachexia.

Embodiment 155. The non-transitory computer readable medium of Embodiment
152, wherein the one or more first modules comprise the voluntary skeletal muscle
exercise module, and the voluntary skeletal muscle exercise module comprises one or
more first instructions to increase MGF/IGF-1 secretion in the subject.

Embodiment 156. The non-transitory computer readable medium of Embodiment
155, wherein said one or more first instructions comprise instructions for aerobic, re-
sistance, and/or concurrent exercise.

Embodiment 157. The non-transitory computer readable medium of any one of Em-
bodiments 152-156, wherein the one or more first modules comprise the vagal nerve
stimulation module, and the vagal nerve stimulation module comprises one or more
first instructions to reduce inflammation in the subject.

Embodiment 158. The non-transitory computer readable medium of any one of Em-

bodiments 152-157, wherein the one or more first modules comprise the vagal nerve
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stimulation module, and the vagal nerve stimulation module comprises at least one in-
structions selected from the group consisting of sense stimulation instructions for sight,
sound, touch, taste, and smell.

Embodiment 159. The non-transitory computer readable medium of Embodiment
158, wherein the vagal nerve stimulation module comprises one or more sense
stimulation instructions for sight, and the one or more sense stimulation instructions
for sight include one or more instructions to view one or more figures (define in spec
to include specific photos) to stimulate autonomic nervous system.

Embodiment 160. The non-transitory computer readable medium of Embodiment
159, wherein the electronic device receives and displays the figures.

Embodiment 161. The non-transitory computer readable medium of any one of Em-
bodiments 158-160, wherein the vagal nerve stimulation module comprises one or
more sense stimulation instructions for sound, and the one or more sense stimulation
instructions for sound include one or more instructions to hear one or more sounds to
cause horror or relaxation.

Embodiment 162. The non-transitory computer readable medium of Embodiment
161, wherein the electronic device receives and plays the sounds.

Embodiment 163. The non-transitory computer readable medium of any one of Em-
bodiments 158-162, wherein the vagal nerve stimulation module comprises one or
more sense stimulation instructions for touch, and the one or more sense stimulation
instructions for touch include one or more instructions for abdominal breathing, con-
trolling rate of breathing, cold massage, coughing, and skin massage.

Embodiment 164. The non-transitory computer readable medium of any one of Em-
bodiments 158-163, wherein the vagal nerve stimulation module comprises one or
more sense stimulation instructions for touch, and the one or more sense stimulation
instructions for touch include one or more instructions for abdominal breathing.

Embodiment 165. The non-transitory computer readable medium of any one of Em-
bodiments 158-164, wherein the vagal nerve stimulation module comprises one or
more sense stimulation instructions for taste, and the one or more sense stimulation in-
structions for taste include one or more instructions to eat food to stimulate digestive
glands in the subject.

Embodiment 166. The non-transitory computer readable medium of Embodiment
165, wherein the electronic device receives and display information related to the food.

Embodiment 167. The non-transitory computer readable medium of any one of Em-
bodiments 158-166, wherein the vagal nerve stimulation module comprises one or
more sense stimulation instructions for smell, and the one or more sense stimulation in-
structions for smell include one or more instructions to stimulate digestive glands and/

or to relax.
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Embodiment 168. The non-transitory computer readable medium of Embodiment
167, wherein the electronic device is configured to release a scent for aroma therapy.

Embodiment 169. The non-transitory computer readable medium of any one of Em-
bodiments 152-168, wherein the one or more first modules comprise the aerobic
exercise module, and the aerobic exercise module comprises one or more first in-
structions to increase adiponectin secretion in the subject.

Embodiment 170. The non-transitory computer readable medium of Embodiment
169, wherein said one or more first instructions comprise one or more instructions for
walking, biking, aerobic dance and/or swimming.

Embodiment 171. The non-transitory computer readable medium of any one of Em-
bodiments 152-170, wherein the one or more first modules comprise the relaxation
module, and the relaxation module comprises one or more first instructions to increase
adiponectin secretion in the subject.

Embodiment 172. The non-transitory computer readable medium of Embodiment
171, wherein said one or more first instructions comprise one or more meditation in-
structions.

Embodiment 173. The non-transitory computer readable medium of Embodiment
171 or 172, wherein said one or more first instructions comprise one or more sound in-
structions to hear relaxing sound.

Embodiment 174. The non-transitory computer readable medium of Embodiment
173, wherein the device receives and plays the relaxing sound.

Embodiment 175. The non-transitory computer readable medium of any one of Em-
bodiments 152-174, wherein the subject is an early cancer patient.

Embodiment 176. The non-transitory computer readable medium of any one of Em-
bodiments 152-174, wherein the subject has a cancer mass having a diameter of 3 cm
or less.

Embodiment 177. The non-transitory computer readable medium of any one of Em-
bodiments 152 and 157-58, wherein the subject is a late cancer patient, and the system
excludes providing a voluntary skeletal muscle exercise module.

Embodiment 178. The non-transitory computer readable medium of any one of Em-
bodiments 152 and 157-58, wherein the subject has a cancer mass having a diameter of
more than 3cm, and the system excludes providing a voluntary skeletal muscle
exercise module.

Embodiment 179. The non-transitory computer readable medium of Embodiment
175 or 176, wherein the subject has moderate muscle atrophy, and the one or more first
modules consists of the voluntary skeletal muscle exercise module, the vagal nerve
stimulation module, the aerobic exercise module, and the relaxation module.

Embodiment 180. The non-transitory computer readable medium of Embodiment



48

WO 2021/242014 PCT/KR2021/006565

[301]

[302]

[303]

[304]

[305]

[306]

[307]

[308]

[309]

178 or 179, wherein the subject has moderate muscle atrophy, and the one or more first
modules consists of the vagal nerve stimulation module, the acrobic exercise module,
and the relaxation module.

Embodiment 181. The non-transitory computer readable medium of any one of Em-
bodiments 152-180, wherein the subject has moderate muscle atrophy (in spec, define
the moderate muscle atrophy as still being able to walk).

Embodiment 182. The non-transitory computer readable medium of any one of Em-
bodiments 152, 157-168, and 171-178 wherein the subject has severe muscle atrophy
(in spec, define the severe muscle atrophy as not being able to walk), and the system
excludes providing a voluntary skeletal muscle exercise module and further excludes
providing an aerobic exercise module.

Embodiment 183. The non-transitory computer readable medium of Embodiment
182, wherein the one or more first modules consists of the vagal nerve stimulation
module and the relaxation module.

Embodiment 184. The non-transitory computer readable medium of any one of Em-
bodiments 152-183, wherein the digital application transmits data to a server, and
wherein the server receives the one or more second instructions from an external
reviewer.

Embodiment 185. The non-transitory computer readable medium of any one of Em-
bodiments 152-184, wherein the external reviewer comprises a health professional.

Embodiment 186. The non-transitory computer readable medium of any one of Em-
bodiments 152-185, wherein the external reviewer comprises an artificial intelligence
(AI).

Embodiment 187. The non-transitory computer readable medium of any one of Em-
bodiments 152-186, wherein the sensor comprises one or more of: a camera, an ac-
celerometer, a magnetometer, a light sensor, a microphone, a proximity sensor, a touch
sensor, a gyroscope, a Global Positioning System (GPS) sensor, an ambient light
sensor, a fingerprint sensor, a pedometer, a heart rate sensor, and a thermometer.

Embodiment 188. The non-transitory computer readable medium of any one of Em-
bodiments 152-187, wherein the sensor comprises a touch sensor, and the subject
provides the adherence information to the electronic device using the touch sensor.

Embodiment 189. The non-transitory computer readable medium of Embodiment
152-188, wherein the one or more options provided to the healthcare provider are
selected from the group consisting of adding or removing the subject, viewing or
editing personal information for the subject, viewing adherence information for the
subject, viewing a result of the subject for one or more at least partially completed
digital therapeutic modules, prescribing one or more digital therapeutic modules to the

subject, altering a prescription for one or more digital therapeutic modules, and com-
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municating with the subject.

Embodiment 190. The non-transitory computer readable medium of Embodiment
189, wherein the one or more options comprise the viewing or editing personal in-
formation for the subject, and the personal information comprises one or more selected
from the group consisting of an identification number for the subject, a name of the
subject, a date of birth of the subject, an email of the subject, an email of the guardian
of the subject, a contact phone number for the subject, a prescription for the subject,
and one or more notes made by the healthcare provider about the subject.

Embodiment 191. The non-transitory computer readable medium of Embodiment
190, wherein the personal information comprises the prescription for the subject, and
the prescription for the subject comprises one or more selected from the group
consisting of a prescription identification number, a prescription type, a start date, a
duration, a completion date, a number of scheduled or prescribed digital therapeutic
modules to be performed by the subject, and a number of scheduled or prescribed
digital therapeutic modules to be performed by the subject per day.

Embodiment 192. The non-transitory computer readable medium of any one of Em-
bodiments 189-191, wherein the one or more options comprise the viewing the
adherence information, and the adherence information of the subject comprises one or
more of a number of scheduled or prescribed digital therapeutic modules completed by
the subject, and a calendar identifying one or more days on which the subject
completed, partially completed, or did not complete one or more scheduled or
prescribed digital therapeutic modules.

Embodiment 193. The non-transitory computer readable medium of any one of Em-
bodiments 189-192, wherein the one or more options comprise the viewing the result
of the subject, and the result of the subject for one or more at least partially completed
digital therapeutic modules comprises one or more selected from the group consisting
of a time at which the subject started a scheduled or prescribed digital therapeutic
module, a time at which the subject ended a scheduled or prescribed digital therapeutic
module, an indicator of whether the scheduled or prescribed digital therapeutic module
was fully or partially completed, and an exercise intensity (EI).

Embodiment 194. The non-transitory computer readable medium of Embodiment
152-193, wherein the one or more options provided to the administrator of the system
are selected from the group consisting of adding or removing the healthcare provider,
viewing or editing personal information for the healthcare provider, viewing or editing
de-identified information of the subject, viewing adherence information for the subject,
viewing a result of the subject for one or more at least partially completed digital
therapeutic modules, and communicating with the healthcare provider.

Embodiment 195. The non-transitory computer readable medium of Embodiment
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194, wherein the one or more options comprise the viewing or editing the personal in-
formation, and the personal information of the healthcare provider comprises one or
more selected from the group consisting of an identification number for the healthcare
provider, a name of the healthcare provider, an email of the healthcare provider, and a
contact phone number for the healthcare provider.

Embodiment 196. The non-transitory computer readable medium of Embodiment
194 or 195, wherein the one or more options comprise the viewing or editing the de-
identified information of the subject, and the de-identified information of the subject
comprises one or more selected from the group consisting of an identification number
for the subject, and the healthcare provider for the subject.

Embodiment 197. The non-transitory computer readable medium of any one of Em-
bodiments 194-196, wherein the one or more options comprise the viewing the
adherence information for the subject, and the adherence information of the subject
comprises one or more of a number of scheduled or prescribed digital therapeutic
modules completed by the subject, and a calendar identifying one or more days on
which the subject completed, partially completed, or did not complete one or more
scheduled or prescribed digital therapeutic modules.

Embodiment 198. The non-transitory computer readable medium of any one of Em-
bodiments 194-197, wherein the one or more options comprise the viewing the result
of the subject, and the result of the subject for one or more at least partially completed
digital therapeutic modules comprises one or more selected from the group consisting
of a time at which the subject started a scheduled or prescribed digital therapeutic
module, a time at which the subject ended a scheduled or prescribed digital therapeutic
module, an indicator of whether the scheduled or prescribed digital therapeutic module
was fully or partially completed, and an exercise intensity (EI).

Embodiment 199. The non-transitory computer readable medium of Embodiment
152-198, wherein the digital application further comprises a push alarm for one or
more of reminding the subject complete a digital therapeutic module.

Embodiment 200. The non-transitory computer readable medium of Embodiment
152-199, wherein the digital apparatus comprises: a digital instruction generation unit
configured to generate digital therapeutic modules for treating cancer cachexia,
generate digital instructions based on the digital therapeutic modules, and provide the
digital instructions to the subject; and an outcome collection unit configured to collect
the subject's execution outcomes of the digital instructions.

Embodiment 201. The non-transitory computer readable medium of Embodiment
152-200, wherein the digital instruction generation unit generates the digital
therapeutic modules based on biochemical factors related to the cancer cachexia onset.

Embodiment 202. The non-transitory computer readable medium of Embodiment
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201, wherein the biochemical factors comprise insulin-like growth factor 1 (IGF1) and
hypoxia-inducible factor 1 (HIF1).

Embodiment 203. The non-transitory computer readable medium of Embodiment
152-202, wherein the digital instruction generation unit generates the digital
therapeutic modules based on the inputs from the healthcare provider.

Embodiment 204. The non-transitory computer readable medium of Embodiment
152-203, wherein the digital instruction generation unit generates the digital
therapeutic modules based on information received from the subject.

Embodiment 205. The non-transitory computer readable medium of Embodiment
204, wherein the information is received from the subject comprises at least one of
basal factors, medical information, and digital therapeutics literacy of the subject, the
basal factors including the subject's activity, heart rate, sleep, and diet (including
nutrition and calories), the medical information including the subject's electronic
medical record (EMR), family history, genetic vulnerability, and genetic susceptibility,
and the digital therapeutics literacy including the subject's accessibility, and
technology adoption to the digital therapeutics and the apparatus.

Embodiment 206. The non-transitory computer readable medium of Embodiment
152-205, wherein the digital instruction generation unit generates the digital
therapeutic modules matching to imaginary parameters which correspond to the
mechanism of action in and the therapeutic hypothesis for the cancer cachexia.

Embodiment 207. The non-transitory computer readable medium of Embodiment
206, wherein the imaginary parameters are deduced in relation to the subject's en-
vironment, behaviors, emotions, and cognition.

Embodiment 208. The non-transitory computer readable medium of Embodiment
152-207, wherein the outcome collection unit collects the execution outcomes of the
digital instructions by monitoring the subject's adherence to the digital instructions or
allowing the subject to directly input the subject's adherence to the digital instructions.

Embodiment 209. The non-transitory computer readable medium of Embodiment
152-208, wherein the generation of the digital instructions at the digital instruction
generation unit and the collection of the subject's execution outcomes of the digital in-
structions at the outcome collection unit are repeatedly executed several times with
multiple feedback loops, and the digital instruction generation unit generates the
subject's digital instructions for this cycle based on the subject's digital instructions in
the previous cycle and the execution outcome data on the subject's digital instructions

in the previous cycle collected at the outcome collection unit.
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Claims

A method of treating cancer cachexia in a subject in need thereof, the
method comprising:

providing, by an electronic device to the subject, one or more first
modules selected from the group consisting of a voluntary skeletal
muscle exercise module, a vagal nerve stimulation module, an aerobic
exercise module, and a relaxation module, each of the one or more first
modules comprising one or more first instructions for the subject to
follow; and

providing, by the electronic device to the subject, one or more second
modules selected from the group consisting of a voluntary skeletal
muscle exercise module, a vagal nerve stimulation module, an aerobic
exercise module, and a relaxation module, the one or more second
modules comprising the one or more second instructions,

wherein the electronic device comprises a sensor sensing adherence by
the subject to the first instructions of the one or more first modules,
transmits adherence information, based on the adherence, to a server,
and receives one or more second instructions from the server based on
the adherence information.

The method according to claim 1, wherein the voluntary skeletal
muscle exercise module comprises one or more instructions to increase
MGEF/IGF-1 secretion in the subject.

The method according to claim 1, wherein the one or more first
modules comprise the vagal nerve stimulation module, and the vagal
nerve stimulation module comprises at least one instructions selected
from the group consisting of sense stimulation instructions for sight,
sound, touch, taste, and smell.

The method according to claim 1, wherein the one or more first
modules comprise the aerobic exercise module, and the aerobic
exercise module comprises one or more first instructions to increase
adiponectin secretion in the subject.

The method according to claim 1, wherein the one or more first
modules comprise the relaxation module, and the relaxation module
comprises one or more first instructions to increase adiponectin
secretion in the subject.

The method according to claim 1, wherein the subject is a late cancer

patient, and the method excludes providing a voluntary skeletal muscle



WO 2021/242014

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

53
PCT/KR2021/006565

exercise module.

The method according to claim 1, wherein the sensor comprises one or
more of: a camera, an accelerometer, a magnetometer, a light sensor, a
microphone, a proximity sensor, a touch sensor, a gyroscope, a Global
Positioning System (GPS) sensor, an ambient light sensor, a fingerprint
sensor, a pedometer, a heart rate sensor, and a thermometer.

The method according to claim 1, wherein the sensor comprises a touch
sensor, and the subject provides the adherence information to the
electronic device using the touch sensor.

A system for treating cancer cachexia in a subject, comprising:

a digital apparatus configured to execute a digital application
comprising one or more first modules, for treating cancer cachexia in a
subject, wherein the digital apparatus comprises a sensor for sensing
adherence by the subject to a first set of instructions of the one or more
first modules;

a healthcare provider portal configured to provide one or more options
to a healthcare provider to perform one or more tasks to prescribe
treatment for the cancer cachexia in the subject based on information
received from the digital application; and

an administrative portal configured to provide one or more options to
an administrator of the system to perform one or more tasks to manage
access to the system by the healthcare provider.

The system of claim 9, wherein the digital apparatus generates digital
therapeutic modules based on biochemical factors related to the cancer
cachexia.

The system according to claim 9, wherein the digital application
transmits data to a server, and wherein the server receives one or more
second instructions from an external reviewer.

The system according to claim 9, wherein the one or more options
provided to the healthcare provider are selected from the group
consisting of adding or removing the subject, viewing or editing
personal information for the subject, viewing adherence information for
the subject, viewing a result of the subject for one or more at least
partially completed digital therapeutic modules, prescribing one or
more digital therapeutic modules to the subject, altering a prescription
for one or more digital therapeutic modules, and communicating with
the subject.

The system of claims 9, wherein the one or more options comprise the
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viewing the adherence information, and the adherence information of
the subject comprises one or more of a number of scheduled or
prescribed digital therapeutic modules completed by the subject, and a
calendar identifying one or more days on which the subject completed,
partially completed, or did not complete one or more scheduled or
prescribed digital therapeutic modules.

The system of claim 9, wherein information, which is received from the
subject, comprises at least one of basal factors, medical information, or
digital therapeutics literacy of the subject,

the basal factors including the subject's activity, heart rate, sleep, and
diet which includes nutrition and calories,

the medical information including the subject's electronic medical
record (EMR), family history, genetic vulnerability, and genetic sus-
ceptibility, and

the digital therapeutics literacy including the subject's accessibility, and
technology adoption to the digital therapeutics and the apparatus.

The system of claim 9, wherein the outcome collection unit collects
execution outcomes of digital instructions by monitoring the subject's
adherence to the digital instructions or allowing the subject to directly
input the subject's adherence to the digital instructions.

A computing system for treating cancer cachexia in a subject in need
thereof, comprising:

a display configured to provide, to the subject, one or more first
modules selected from the group consisting of a voluntary skeletal
muscle exercise module, a vagal nerve stimulation module, an aerobic
exercise module, and a relaxation module, each of the one or more first
modules comprising one or more first instructions for the subject to
follow;

a sensor configured to sense adherence by the subject to the instructions
of the one or more first modules;

a transmitter configured to transmit adherence information, based on
the adherence, to a server; and

a receiver configured to receive, from the server, one or more second
instructions based on the adherence information,

wherein the display is further configured to provide, to the subject, one
or more second modules selected from the group consisting of a
voluntary skeletal muscle exercise module, a vagal nerve stimulation

module, an aerobic exercise module, and a relaxation module, each of



WO 2021/242014

[Claim 17]

55
PCT/KR2021/006565

the one or more second modules comprising the one or more second in-
structions.

A non-transitory computer readable medium having stored thereon
software instructions for treating cancer cachexia in a subject in need
thereof that, when executed by a processor, cause the processor to:
display, by an electronic device to the subject, one or more first
modules selected from the group consisting of a voluntary skeletal
muscle exercise module, a vagal nerve stimulation module, an aerobic
exercise module, and a relaxation module, each of the one or more first
modules comprising instructions for the subject to follow;

sense, by a sensor in the electronic device, adherence by the subject to
the instructions of the one or more first modules;

transmit, by the electronic device, adherence information, based on the
adherence, to a server;

receive, from the server, one or more second instructions based on the
adherence information; and

display, to the subject, one or more second modules selected from the
group consisting of a voluntary skeletal muscle exercise module, a
vagal nerve stimulation module, an aerobic exercise module, and a re-
laxation module, the one or more second modules comprising the one

or more second instructions.



