METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/039,721, filed

March 26, 2008, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION
{0602} Conventional methods for assessing a patient’s clinical outcome are primarily based on
clinicians’ judgment and past experience. The conventional methods generally involve laboratory
tests, patient surveys and office visits at isolated time points, all of which are not scalable for a time
series analysis, especially for one that tracks or predicts the trend of a patient’s clinical outcome in
real tirse. Intrinsic to the conventional methodologies is the profound drawback that a relatively
small set of information such as a single clinician’s personal preference is taken into consideration
in reaching a clinical decision. As such, under the existing medical system, patient care becomes
increasingly difficult when multiple variables are involved. In pariicular, there lacks a system and
method to effect a multi-dimensional analysis in which a large set of biomarkers are used to aid in
the diagnosis, prognosis, and treatment of a clinical outcome or the design and execution of a
clinical trial.
[6603] Multivariate statistics are generally concerned with determining a statistical distribution of
an outcome or a series of outcomes based on multiple variables. Inherently, most medical conditions
and treatments are multivariate due to the complexities of the physiology. The discoveries of a vast
number of disease biomarkers and the establishment of miniatorized analytic systems have made a
new paradigm of patient care that makes multivariate analysis feasible. A desirable new paradigm
would provide rapid access to information characterizing clinical outcome and then automatically
linking that information through customized communication channels so that the desired medical
actions (adaptive dose ranging, clinical decision making and so forth) can be performed. Also
desirable is the ability to integrate information from an individual’s blood tests with other
physiologically relevant factors, and present that information in an actionable format. The

technology described herein satisfies these needs and provides related advantages as well.

SUMMARY OF THE INVENTION

[66G3a] According to an aspect of the present invention, there is provided a method for
characterizing a clinical or medical condition of a subject, comprising:
a. obtaining a first set of subject data from a sample obtained from said subject, said subject

data comprising at least one biological marker from the subject;



b. determining the probability of a medical condition of the subject using the first set of
subject data by constructing a probability space defined by a plurality of discrete clinical outcomes,
wherein each discrete clinical outcome of said plurality is characterized by a statistical distribution of
a set of markers, comprising at least one biological marker, and wherein said probability space is
reflective of a medical condition, medical procedure, therapy, clinical trial, drug discovery, or drug
development;

c. selecting a second set of subject data from the probability of the medical condition;

d. obtaining the second set of subject data from a sample obtained from the subject, thereby
characterizing the clinical or medical condition of the subject; and

e. calculating a trajectory in said probability space based on said first set of subject data and
said second set of subject data, said trajectory in said probability space being calculated based on
positions of said subject data within each statistical distribution of said set of markers characterizing
each of said discrete clinical outcomes, wherein said trajectory is-indicative of the likelihood of

progression of the medical condition of said subject.

[6004] There is also disclosed a medical information system for subject data analysis. The system
may be particularly useful for advancing the future of blood testing and data analysis. For example,
the system can be part of an integrated infrastructure built around real-time, point-of-care consumer
blood monitoring devices which analyze a small blood sample (e.g., 500 ul, 50 ul, 25 ul, 10 ul or
even less) and wirelessly transmit that information to a database which integrates real-time data with

stored data from disparate databases (patient record,
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genetic/ genomic information, data from pivotal triais) into one central repository. The system may
then allow for the automatic application of multivariate, multidimensional mathematics fo the data
repository to perform specific commands or tasks, e.g., mapping real-time PK/PD dynamically in
the context of the pathophysiology of a given medical condition.

[6605] The system can be used to improve the label of key drugs through adaptive clinical studies
which generate publications for tabel expansions for new indications, patient subpopulations, and for
ameliorating safety concerns. The development of such a system for home, real-time blood
monitorimg has significant implications which allow one to collect information which is otherwise
not available through the use of the conventional laboratory testing.

[0606] The medical information system typically comprises {a) an input device for receiving
subject data and in communication with a processor; {b) storage unit in communication with the
processor having a database for: (i) storing data corresponding to a probability space defined by a set
of discrete climical ouicomes, each of which 1s characterized by statistical distribution of at least one
biological marker; and (i} storing subject data corresponding to the at least one biological marker;
(¢) a processor that calculates the position of said subject data in said probability space as a way of
assessing the probability of a discrete clinical outcome of said subject; and (d) an output device that
transmits information relating to the discrete clinical outcome of ¢) to an end user.

[6007] Non-limiting clinical outcome that the system is adapted to predict can be selected from the
group consisting of but not limited to; complete response {CR), partial response {PR), stable disease
(SR}, non-response(NR), adverse drug effect (ADR), and drug toxicity. In using the medical
information system, the end user can be a medical persomnel] or the subject himself or herself. In
some instances, the end user is from a pharmaceutical company.

{0008} The processor of the system may calculate the position of said subject data in said
probability space as a way of assessing the probability of a discrete clinical outcome of said subject.
[6009] The input device of the system may comprise a touch screen. Where desired, the input
system can comprise a data entry portal or a keyboard. The subject data to be input into, processed
by, or transmitted as an output by the system can be textual, numeric or a category. Where desired,
the textual or numeric information is solicited from the end user.

[0016] In some instances, the subiect data represent measurements of the at least one biological
marker present in a bodily fluid. In some instances, the measurements are obtained by a point-of-
care device that is operated by the subject. The measurements can be taken at various time points to
yield a trajectory within the probability space, wherein said trajectory represents a time series of the
assessed clinical outcome, The various time points can cover a period of less than or about 24 hours
[0011] The medical information sysiem may comprise an output device having an automatic alert
system. The automatic alert system can be programmable by the end user. Where desired, the

automatic alert system is programmable based on a predefined protocol for a clinical



trial. The output device of the system may transmit selected portions of the subject data and the
probability space in response to instructions from the end user. The information transmitted by the
output device may be encrypted. The information transmitted by the output device may represent an
assessment of the clinical outcome of said subject at a single time point. The information transmitted
by the output device can represent a time series of the assessed clinical outcome.

[0012] The input device and/or the output device of the system may comprise a user interface that
can remotely access the network,

[0013] The medical information system may comprise a network.

[0014] The storage unit of the systern may store historical reference data of a plurality of subjects in
relationship to the at least one biological marker. Where desired, the data stored in the storage unit
are selected from the categories consisting of pathology, anatomy, treatment option, treatment
outcome, pbarmacological parameter, phanmacokinetics parameter, psychological parameter, and
genomic information. The database can be public, internal.

[0015] The end user of the medical information system can be a heaith care provider, including
without limitation a Heaith Maintenance Organization (HMO),

[0016] There is also disclosed a method for characterizing the probability of a clinical outcome of a
subject. The method comprises the steps of (a) constructing a probability space defined by a set of
discrete clinical outcomes, each of which is characterized"by a statistical distribution of at least one
biological marker; (b) obtaining subject data correspondir.l:g to the at least one hiological marker; and
(c} calculating the position of said subject data in said probability space, thereby characterizing the
probability of the clinical outcome of said subject.

[0017] Also disclosed is a method of characterizing a clinical outcome of a subject comprising: (a)
constructing a probability space within a server, wherein the probability space is defined by a set of
discrete clinical outcomes, each of which is characterized by the statistical distribution of at the least
one biological marker; (b} entering data of 2 subject into the server, said data corresponding to the at
least one biological marker; and (c) calculating the position of said subject data in said probability
space thereby characterizing the clinical outcome of the subject. In some embodiments, in practicing
the subject methods, at least steps b and ¢ are repeated at various time points to yield a trajectory
within a probability space, wherein said trajectory is indicative of the likelihood of progression to
the clinical outcome. The subject methods can comprise the step of notifying a medical personnel or
the subject of a need for taking a medical action upon assessing or characterizing the position of said
subject data in said probability space. In some instances, the medical action involves at least one
action selected from the group consisting of altering a dosage of an existing therapeutic agent
administered to said subject, administering a different a therapeutic agent, and administering a

different combination of therapeutic agents. Notification of a medical action can be electronically



transmitted, e.g., wirelessly transmitted. The subject methods can further comprise step of, upon
selection of the at least one action, performing an outcome analysis for assessing a result of said
selected action, and automatically updating the probability of a discrete clinical outcome of said
subject.

[6018] There is also disclosed a computer readable medium comprising computer readable
instructions, which when executed cause a processor to: a) provide a probability space defined by a
set of discrete clinical outcomes, each of which is characterized by a statistical distribution of at
least one biological marker; b) obtain subject data corresponding to the at least one biological
marker; and ¢) calculate the position of said subject data in said probability space to assess the
probability of a clinical outcome of said subject. In general, the instructions operate in a software
runtime environment. In one aspect, the instructions when executed further causes a processor to
provide a user defined alert condition based on an assessment of trajectory parameters of the subject
data in the probability space, wherein said trajectory parameters are at Jeast one of speed,
acceleration, direction, and position.

[0019] There is also disclosed a method herein of predicting the occurrence of a medical condition
that requires medical intervention, the method comprising: (a) measuring concentrations of a first set
of biomarkers present in a subject and measuring one or more physiological indicators of said
subject at a given frequency, wherein the first set of biomarkers are suspected to be predictive of the
medical condition; (b) based on the concentrations measure in (a}, generating from the first set a
subset of biomarkers that are more correlative with the occurrence of the medical condition and/or a
new frequency of measurement of the biomarkers; and (¢) measuring concentrations of the subset of
{b} and/or following the new frequency of measurement of one or more biomarkers, thereby
predicting the occurrence of the medical condition.

[00620] In some instances, a method further comprises analyzing data refleciing the concentraiions
and/or the physiological indicators with multivariate statistical software. In some instances, the
biclogical markers are present in a biological sample of said subject. The biological sample can be
diluted by an appropriate fold to ensure, e.g. the appropriate range of concentration level is detected.
[0021] There is also disclosed a method of monitoring sepsis development of a subject comprising:
measuring at least two parameters selected from the group of (1) body temperature of said subject,
(2) protein C concentration of said subject, (3) interleukin 6 (I1.-6) concentration of said subject,
multipie times to yield a trend of temperature, protein C trend, and/or IL-6; and wherein an increase
beyond normal body temperature, a decrease in protein C concentration and/or an increase in IL-6
concentration is indicative of the development of sepsis in said subject. A decrease in protein C and
an increase of IL-6 can be indicative of the development of sepsis in said subject. A decrease in
protein C and an increase of IL-6 and an increase beyond normal body temperature can be indicative

of the development of sepsis in said subject. In some instances,



an at least about 10-fold increase in IiL-6 concentration in said subject is indicative of the occurrence
of sepsis in said subject. In a further instance, an at least about 100-fold increase in IL-6
concentration in said subject is indicative of the occurrence of sepsis in said subject. This method
may further comprise the step of increasing frequency of measuring IL-6 concentration upon an
increase beyond normal body temperature and/or a decrease in protein C concentration. For
example, the frequency of I1.-6 measurement can be increased to once a day, once every 12, 8, 6, or
4 hours. A determination of the occurrence of sepsis may be promptly followed by an appropriate
medical intervention.

[0022] Also described herein is a method for characterizing a medical condition of a subject,
comprising: obtaining a first set of subject data comprising at ieast one biological marker and at least
one physiological parameter from the subject; determining the probability of a medical condition of
the subject using the first set of subject data obtained; selecting a second set of subject data from the
probability of the medical condition; and obtaining the second set of subject data from the subject,
thereby characterizing the medical condition of the subject.

[6023] A method is also disclosed for characterizing periodicity of a clinical condition of a subject,
the method comprises: identifying a set of biomarkers for a clinically relevant condition; obtaining
longitudinal subject data corresponding to at least one biomarker in said set to obtain a trend of the
subject data; analyzing said trend to identify periodic changes in the at least one biomarker;
measuring values of peak measurements of the periodic changes of the trend; and characterizing the
values of the peaks thereby characterizing the pertodicity of the clinically relevant condition. In
some instances, the analyzing step comprises developing an ARIMA model to determine a
differencing lag in the underlying model. The differencing lag can be used to de-trend the trend and
establish a stationary trend. In some instances, the analyzing step comprises calculating an
autocorrelation function and the measuring step comprises identifying the statistically significant
peaks in the autocorrelation function. In some instances, the analyzing step comprises calculating
spectral density and the calculating spectral density is performed using a Fast Fourier Transform.
The measuring step can comprise identifying the power spectrum of the maximum spectral density
frequency.

10024] There is also disclosed a method for monitoring subject response to therapy comprises:
obtaining longitudinal subiject data corresponding to at least one biomarker in a set of biomarkers for
a clinically relevant condition to obtain a trend of the subject data, wherein the subject data is
obtained from a subject receiving a therapy; monitoring periodicity of the trend; and corresponding
the periodicity to a response to the therapy received by the subject. In some instances, the therapy is
a periodic dosing regimen. In some instances, the response to the therapy is characterized by a time-

dependent behavior of peak levels of the trend. In some instances, the time-



dependent behavior is substantially constant. In other instances, the time-dependent behavior is
changing linearly. In yet other instances, the time~dependent behavior is changing exponentially.
[0025] A method is also disclosed herein for characterizing the emergence of clinically relevant
subpopulations of patients exposed to a therapeutic agent, the method comprising: identifying a set
of biomarkers in a blood sample that act as surrogate markers for the therapeutic agent; measuring
the set of biomarkers longitudinally from a group of patients exposed to the therapeutic agent;
identifying distinct clusters in a multivariate clustering space of the measured values of the set of
biomarkers from the group of patients; determining the rate of separation of the distinct clusters and
measuring the distance between the distinet clusters in a statistical manner; obtaining patient
information from the group of patients to classify the patients in clinically relevant subpopulations;
and comparing the distinct clusters to the clinically relevant subpopulations to characterize
sensitivity and specificity of the distinct clusters to predict the clinically relevant subpopulations. In
some instances, the method further comprises identifying a second set of biomarkers configured to
improve the characterization of the emergence of distinct clusters to predict the clinically relevant
subpopulations. In some instances, the group of patients exposed to the therapeutic agent are
participants in a clinical trial. In some instances, the clinical trial is a dose ranging trial. In other
instances, the clinical trial is a part of an adaptive clinical trial. The adaptive clinical trial can be
designed to characterize an optimal dosing regimen or can be designed to characterize an optimal
responder population. In some instances, the measuring the distance step comprises measuring the
Mahalanobis distance between the distinet cluster centroids. In other instances, the measuring the
distance step comprises measuring the nearest-neighbors distance between the distinct clusters. In
vet other instances, the measuring the distance step comprises measuring a Euclidean distance
measure between the distinct clusters, In some instances, the measuring the distance step measuring

a Manhattan distance measure between the distinct cluster.

INCORPORATION BY REFERENCE
{0026] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent application

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Many features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the invention will be obtained by reference to
the following detailed description that sets forth iflustrative embodiments, in which many principles
of the invention are utilized, and the accompanying drawings of which:
[0028] Fig. 1 illustrates a general representation of the Mahalanobis distance method and the

representative ellipses. The figure also includes the Mahalanobis distance mathematical equation.
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19929] Fig. 2 illustrates an example of the results of a cluster annlysis of 8 clinical outcome.

{6030] Fig 3 is a flow chant illustrating an exemplary method of assessing a clinical outcome of a
subject and agsigning probabilities thereto,

16631} Fig. 4 illustrates an example probability space gecmnetrical representation.

[0032] Fig. § illustrates a trajectory of data of a subject in a probability space.

1833} Fig. 6 is a flow chart ittosieating an exeplary method of slerting a user to assess a clinical
outeomme of a subject.

|9834] Fig. 7 demonsiiates o mathod of establishing rules for a probability space of clinical
ouleomes.

[0935] Fig. § itustrates a grophical presentetion of rules for a probability space.

[0036] Fig. 9 is a flow chart illustrating an exemplary method of implementing a mathematical
wmoedel to assess a clinical outcome.

[8037] Fig. 10 is a flow chat illustrating an exemplary system comprising a server for
communicating and processing medical data.

638} Fig. 11 illustrates an exempiary embodiment of a system of the invention with real-time
nequisition of subject data and the transmittal of the information in regl-time Lo a server or system
that is capabie of converting the isformation or data to a physiologically relevant context,

160391 ¥ig. 12 demonstrates an exemplary systene of the invention, wherein 4 health care operating
system comerises dala infrastructure, models and algodthms, and software applications.

[B046] Fig. 13 demonsirates an exemplary database comprizging an antology of biomarkers that are
inleted some types of medical conditions.

{0641} Fig. 14 illustrates the an excmplery hierarchy of a healtheare operating systens of the
invention whereint the cenlral operating system has access (o a daia infrastruciure and monitoring
davices Jor ebtaining sulyject data.

16042 Fig. 15 demonstrates an exemnplary system of the fwvention wherein an sualysiz database can
receive information from = database coniaining data fom a reader or cartridge database, hisioricet
databases, a patient database that cen contain data entercd by a patient, and a customer databuse,
[0043] Fig. 16 illustrates exemplary trajeclories of two subjects in a probability space reprosenting
prostate eancer discrete olinical outcomes.

[6044] Fig. 17 illustrates exemplary trajectories of two subjects in a probability space represeriing
clinical outcomnes of a subject developing sopsis.

10045] Fig, 18 illustrates exemplary teajeclories of two sithjects in a probability space repeesenting
the medicat condition of diabetic subject vsing an insulin sensitizer.

[(046] Tig. 19 ilustzates a method of graphically representing a trajectory of subject data fn a

prabability space in two dimensions.
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[0047] Fig. 20 #lustiates 7 method of graphically representing & trajectory of subject datain a
probabitity space in two dimensions and the position of the data for defining discrete clinical
ouleomes.

[0848] TFig. 21 demonsirates a dynamic subpopulation emergence baged on cluster anafysis ol a
Monte Carlo simulation of a two-cohort clinical design,

{6849} Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical sumber of
clusters.

[0050] Fig. 23 illusirates markers of clinical effect with the segregation of the marker space as 2
function of dose at the end point of a clindcal study.

f0051] Fig. 24 demonstrates patient data showing the seasonality of two type 1 hiomarkers over
tirne,

[0052] Fig. 235 demonstreties a time serjes of a blomarker value versus the {ime of chemotherspy
delivery.

{6853} Fig. 26 demonstrates the relationship between pamameters computed from cireulating
pyrogen Jevels measured over time and/or and the time-to-spike.

10054] Fig. 27 is the T-1 heta concentration versus time point mumber.

[055] Tig. 28 is the sample-io-sample fold change for IL1-beta versas time point number,
{00567 Fig. 29 iy the IL-6 concentation versus Hime point nomber, wherein patient 4 became septic.
{0057] Fig. 30 is the sampledo-sample fold change for 11-6 versus §me point nummber, wherein
peltient 4 became septic.

[0058] Fig 31 is the TNF-alphs concentration versus time point namber,

{053 Fig. 32 is the sample-to-sample fold change for TNE-alpha versus time point number.
{0068] Fig. 33 illusteates the residual plot for Paticnt 5 who has a fever spike and no decreasing
markers,

10061] Tig. 34 demonsirates Patient 4 data points showing decreasing Protein- with increasing 1L
& just prior to fover spike,

{0862] Fig. 35 is a schematic of the Thi-o-Th2 switch and the cytokines representing eacly
phenotype.

[6063) Fig. 36 and Fig. 37 demonstrate that the system uses an equalion that is anticipative of
sepsis using the Squared Maholanebis distanee equation aud Bayesian Probability.

[0064] Fig. 38 iliustrates a graph in time of a phwality of marker proteins for & patient in a sepsis
trial.

[6065] Fig. 39 illustrotes r bivariate thne course of two particutar markers (protein. C and (-

reactive protein) in the same patient,
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DHTAILED DESCRIPTION OF TIE INVENTION
[0866] In one embodiment, 2 method is provided hersin for chntacterizing the probability of u
elinical outcome of a subject. The method comprises the sieps of (a) consliucting a probability space
defined by a set of discrete clinical vuteomes, each of which is characterized by 4 statistical
distribution of af least ove biological marker; (b) obtaining subject data corresponding to the at least
one biojugical marker; and (¢) onleulating the position of eaid subject data in suid probability space,
sherehy chamcterizing the probability of the clinial outcome of said subject.
I0867] 1o practiving the mxethods herein, one geacrally wtilizes a set of biological markers {alsa
referred to horein as biomarkers) relevant to a given linical outeome. In order to izoprove the
refiability and scouracy of a mathematical calenlation, biomaskers are nelected based upon
multivarinte statistics from data pertaining to a clivdest ouicome, whether it being, for example, 8
disease or » medical procedure, In some cmbodiments, discriminant avalysis is performed 10
deternine the most refevant biomarkers periaining to o particular medical clinical oulvome,
968! In s rspeet, 5 method is provided herein of predicting the oconrrence of & medical
condition that requizes medical intervention, the method comprising: () measuring concentrations
of a first set of Womarkers present in a subject and measuring one or more physiclogical indicators
of said subject at & given frequency, wherein the first set of biomarkers are suspected o be
predictive of the medical conditiors; {b) based on the conceulrations measute in {a), generating from
the (rst sel a subset of biomarkers that are more correlative with the occurrence of the medical
condition and/or & new frequency of measurement of the blomarkers; and {¢) measuring
concertrations of the subset of (b) and/or following the new frequency of measurement of one or
more biomarkers, thereby predicting the ocourrence of the medical condition.
[006%] Pluralities of discrete clinienl outcomes, sometimes roferred to a5 medicsl outcornes, for &
specific medival condition are plotted in a geometrical manner. A set of values of the biomarkers are
chosen that are the most represestative of each clinical outcome. Using the mathematicat methods
degeribed berein, probabifities of class assignieni to each discrete clinical vutcome can be assigned
(o nuy sot of values of observed biomuarkess. A probability space can then be constructed by plotting
tlxe probability of any set of values of observed biological markers willin the geometsic spaco
defined by the plurality of diserete clinicnl outcones.
[0670] Model baiding
04711 o some instances, mathemationd modeling deseribes the dynamic state of » system. Iu some
instances, the models use s gystem of equations representing oulcome parameters, biomatker and
drug concentrations and the like over time. Such cquations might be simple enough to solve in
closed form, yielding an algoritlemic formula. However, in soine instances, models of humman

disense can be (oo comyplex (o permil a simple clesed fozm solution, 1u some instances, 2 solution s
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described herein can be projecting narerical solutions forward in thme, also known as termed
predictive biosinmilation,

[4072] The objective of cluster analysis is to group ohservations fnio ciusters such that each cluster
15 88 bomogeneous a8 possible with respect to the clustering variables. Any conventionsl clustering
algorithm roay be used to define the discrete set of clinical outcones based upon the recognized
biomarkers, Desides the Discriminant Functon Analysis, there are many such algorithms, such as
“Single Linkage " “Complete Linkage,” “K means,” “Ward's Method,” or the “Centroid Metbod.”
Adtitionally, one can identify clusters using “Decision Trees”. These algorithms are well-known to
anyone familiar with the art, and are available in standard statistical packages such as SAS and
SP3S. The clustering algorithms group like objects together, and keep untike objects in separate
FIOEPS.

[0073] Multivasiate siatistics to identify classes of similar subjects in n sample population can also
be applied for building an appropriate model. The technigues cuwrrently emplayed include, bt are
not imited fo, Discriminant Punction Analysis (DFA), Fierarohical Clustering Analysis, Factor
Analysie (in which an underlying model or refationship iv assumed), Self-Orpanizing Maps (80Ms),
Support Vector Machines (SVMs), and Neural MNets, Each is a pattem recognition technology using
multivariaie descriptor vectors, which subjects are classmnates, 10 more completely snanags an
adaptive clinical trial.

[0074] Other lechnicues estimating the model parameder spaoe inelude several conventional
methods, such as the graphical method and gradiest-bosed nonlinear eptimization (Mendes and Kell,
1998), 'Fhe graphical method is typically applied to those problems that can be converted to linear
repression problems, and are generally not amenable 1o closed-loop lewrning as they require nman
intervention at ench step, The gradient-based nonlinesr optimization method does not have such a
restriction; however it does require information about the eor function wish respect to the
paramncter estimates. As such it ofien converges to local rintma. Bvolutionary algerithms including
genetic aigorithms, evolutionary programmning, gensiic programming, and iheir variants {Back et al.,
1997; MoKay e al., 1997; Edwards et al,, 1998) have been applied to overcome these Hmitations,
[O078] In some tostances, to best account for the dynaunies of a biclogival system, the equation
systems discugsed above can be composed of ordinary differential equations which caloulale the rate
of change of a biological entity over a fixed time segment. That quantification is a function of the
stale of the system at the instant of analysis, red includes temms for all other entities in the system
that might affect that rate of cheuge,

[O76] In many instances, as deseribed hetein, bioogical entites of interest ave found jn blood
comprising but not lireited to cirenlating proteins. In ihe modeling space, the time rate of change of
each biological eniily is called the derivaiive and is quantified ag the instantancous slope of the

biological entity's concentration curve in the time domain.
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[00777) The value of any selected target biological entity at each sclected sampling time point can
be caloutated as well as the mto of change for every enlity in the sampling space. This can result in a
point estintate per biofogical entity for the derivative in vaits comprising but not limited to a change
in concentration per unit time.
{0U98] In some instances, a noethod can uiilize two point slopes along with a K-point model fitting
segrasgion equations through the last X observations, fo sstimate the first, second, and ligher order
derivatives, for example:

SR (0/dt = f{P(), {other proteins, cells types, ete.}, model parameters)
where P{D) is the concentration of & given protein as a function of time. And where { is fimction of
P{t) and entities aflecting specific protein concentralion curves, comprising second signals, cell
nuzmbers, aad the like, And where model parameters are coefiicients in those equations that quantify
those relationships, for examyple comprising production raies and clearance rates, The systom can be
linear or non-iinear.
[0¢79] An alternate eabodiment of the mechanism is a system of entities where P(1) is a protein
veetor FI(1) = [PyD), P50, . Py(t)] where M is the number of proteins chosen to sample, and (P, ete.)
becomes a matrix M(TI(E; BEIE)). The system parasneters becotne a vector as IEL).
[0480} For cxample, clearance rates of cach P(f) in the vector KI{t) are captured in this vector form.
$II() characterizes the fanctional coeflivients of the matrix M. The systom is lincar when i does
pot depend on T3(8} or on time. 'The system is livear and parametrically time-dspendent when
depends on t, and varies linewly with tine.
{6881} In another example, the systemn I8 nonlinear when the clearsnce rate changes with time and
can
{0082] represent the up-regulation or down-regmiation i time, The system is represented but is not
limited by the vector equation:

{8/t = MTE(L; B E1()

[9083] Tn vet another example, the dynamic state of biological sysiems has a level of specificity
which is ceptured in an exemplary biosiswilation systent. Every entity in the system will typically
act ou a small subset of oiher entities. For example, protein 2 modifies the rate of production of
protein 1 by binding to a coll surface receptor on an activated effecior coll. The concentration of
protein 2 modifies the rate of production of protein 1. When a third protein nets-on the production of
protein 2 the rate of production of protein 1 depends indirectly on the level of production of protein

2,
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[0084] The equations that best represent the above example in this biosimulation sysient are:
dPyfdt = Pz Palt)
AP/t = -Pay Po(t) + Pas Po()
ddt= 0

{8885] In these exomplary equafions, the concentration of Protein 3 is constant and the rate of
Protein 1 production is an increasing function of the Protein 2 kevels, factored by fi2 >0, In addition,
ihe levols of Protein 2 aro o fnclion rate Protein % is cleared from the sysiem, in this case,
proportionslty by a factor fiey >0, and the effects of P3{l) oa ils prodaction, deseribed by a faclor fin
>0 and is parameterized by the vector By, Pn . fan) . Asty triplet vector can be used in the general
case to generate any family of trajectories by time for Proteins | and 2. Protein 3 is non-varying in
this model since its dexivative remaing zere. ’

16086} Dy measuring Proteins | and 3 af each time point in a moniloring pesiod, values for (1),
and T4{t), and estimates for dPy/dt and dP3/dt are obtained. Py(t) can then be solved and consteain the
solution set fo 3 parametor vecsor (B, B L B o), which is defined by well defined algebraic
squations. Tstimates of beth P,{t) and dP,/di derive the state of the consirained system based on
point estimates as derived fom the samples. This allows for projecting forwand in lime where 2
model trajectory will likely be at the next sample point, and re-adjustment of the model parametors
A necessary i & dynamic foedback self-correcting systom,

[0087} The self-correcting mechanisim and feedback system can be implemented in a periodically
sampled measurement space, and that inodel refinement and re-parameterization can take place at
each sample interval. Aflor each application of this seif-correcting methodology, the space of
acceptable parameter vectors shonld begin to converge (o & patisni specific vector that projecis
forward in a predictive trajectory,

[OORB] A systent that dynamically characterizes patient sibpopulations based on the longiludinal
asmpling of predictive protein profiles can use that information ss & Type 1 blomarker fo verify to
the researcher scientist that the conpound is acting on the target as expected, The mechanism of
action for thal compound ¢ also be researched for whethier it is acling as expected.
Characterization of the dynamic emiergence of {he subpopulations is based upon their bebaviors and
the protein profiles they exhibit.

[0089] In an exainple, one population is treated with the test compound while another is an
walreated control, 1F the protein profiles of the freated population hehave in accordance with the

unilerlying hypothesis as it pertains to the compound's mechanism of action, the protein profiles
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will, a8 a conglomerate pattern, act as a Vype [ biomarker. H individuals within that populstion
show considersble veriance in both the direction and velocity of the protein profile, adjustment of
the doses of the slower population members crn oceur and the trial pmm;:;al can be changed
accordingly.

[6859] A varisty of statistical anslvses are applicable for building a probability space or model. Fig.
1 iHustrates an exemnplary chagscterization of gimilarity as measured by the Mahalanobls distance in
a two-dimensional (multivariate) space, The outcome of a discriminant fimction analysis is lypically
a Mahafanobis distance for every subjoot in the analysis data set. The methodg of perfosming the
diseriminant anslysts in this manoer or similar manners are known to these skilled in the ad. I this
example, the data from two independent variables {for example, biomarkers) are plotted against each
other. Each patient in the analysis sel is represented by a single point on the grapl. The distavce
between each patient’s Hiomarker peir pattesn and the centroid of the cluster of data is caleulated as
the Mahalanobis distance and is represented by the ellipses in the Fig, |, wherein the centroid can be
typically defined as the mean sector of all Independent measures in the space vl interest. The
probability thet any paricular patient belongs to s cluster depicted herein is inversely proportional to
{he distance from the centroid of the clugter, In this way the Mahalonobis distance ellipse on. the plot
in Fig. 1 is used o3 a measure of similarity between the two sets of independent variables. This
method alzo accounts for noise in the appropriate distance metric by assigning probabilities of class
assigiment for a prrticular patient bosed on the variance observed in the underlying clustered data.
Thus this method can account for uncestainty in the prabability space,

{B091] ln conventional clusterng, one typically works from a distance matrix, which lists the
sisnilarity of every object to be clustered versus every other object. The proccss begins with the
creation of the distance malrix as known to one skilled in the art. A triangular matrix of distances
among sl pairs of patients must be computed, Each of the distances between subject data wikl be a
function of the measured biomarkers. The function would take the form of a swm or weighted sum.
The distances for a given variabie are, in tuty, 2 sum of dislances beiween individual bservations
for that variable. This surn also may be weighted, For example, esch cluster of subjects potentially
represents s discrete clinical outcome.

130421 The distance matrix metric con include ealeulating a statistical difference, such as the
Mahnlanobis distance, Buclidean distance, and Manhattan distance. The maliix represents, ina
statiglically sigorous way, the similarity of two multivariate patterns in a mudtidinensional space.
Rased on these distances, individuals are grouped together in a cluster,

10093} Fig. 2 illustrates an excmplury clustering method of defining the discrete clinical outcomes.
T thiz example, the controid method was used to defermine mulliple controids of biomarker daia
patterns. Fach centroid either defines or belongs b o different set of discrete clinieal outcornes based

upon measured biomarker information. In Fig. 2, examples of the cinssification of biomarker
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patterns of n medizat condition include a partial responder class, a nowresponder ctass, a compleie
respouder ciass, and an adverse drug reaction class. Every data poiut is related to a ceniroid of the
class it Talls within. The ventroid can be sel to be the peinf most reprosentative of the class.

[6094] After the distance matrix has been constrocted and discrete clinieal oulcomes have been
defined by a set of biomarkers, s probability space can be-constructed from multivariate
distributions (for example, clusters) by applying & metric (hat accounts for the variance-covariance
structore of ke data, Based upon the measured distance, a probability for class asslgnment for any
observed biomarker patters is calculuted. The caleulated probability for any obtained biomarker
pattern defines the probabiiity space.

[8095] Where desired, a probability meamirgment is carried out by way of a Bayesian calculation.
Other methods of saleulating the probability for ciass assignment include, but are not limited to,
Melson-Aalen estimation, the ordinary least squarcs evlimation, the weighted least squares
estimation, and the maxirmum likelibood estimation. Another method i3 to use a decision tree
analysis and from the measure determine the nltimate sensitivity and specificity of the derived rale,
[0096] Fig 3 illustyates an exemplary metbod of the invention of building a mathematical anodel
for assessing a medical condition. Based upon prior histesy of a medical condition, a user (for
example, a physician) identifies the relevant clinizal outcomes or vutcomes, The physiclogy, a
compeund or drug’s method of action, endéor ofFtarget treatiment effeets are thon wtilized to help
defing the borders of a probability space,

H0%7] A graphical example of the probabiiity space and the disorete clinical outeomes that define
tha borders of the probability space are illustrated in Fig. 4. Bach namnber represents a different
chinical outcome.

[0098] Biomarkers that are most relevant to the clinical outcomes of a given medical condition are
identified using mulivaiate discriminand analysis. Data from the set of biomarkers are classiffed
aceording to the discrete cluical outcome to which the independent data ix most closely correlated.
[G099] Afier the data sets are elassified by cluster apalysis and/or discriminant fuection analysis
and identified as clinical ouicomes, e centroid Jocation of o clinival outcome is detenmined. For
sach reference point or independent biomarker data point, a probability of classification into cach
reference elinical ontcome i assessed.

[04108] When data from an individual subject is obiained corresponding to at least one biomarker,
the data is input into the mathematical model and its geometrical position wilhin the probabitity
space is determined. A distance metric is then used fo determine the position of the sulbject dats with
reference to cach clinies] outcome. In a preferred embodiment, the distance metric is the
Mabiaianobis distance. For the subject data, the model obiains a distance metric corresponding 1o

cach discrate clinteal ontcome.
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{0B101) A statistical cstimation method is used to eonvert the phorality of distanee mefrics into a
phurality of probabilities for the subject data, Esch probability of the plurality of probabiiities
corresponds to a diserefe clinical outcome. In an embodiment, the statistical estimation is & Bayesiaa
estimafion. The plurality of probabilitics is used as the coordinates of the subject data in the
geometric probability space, such as the one illustrated in Fig. 4. “The position of the subject data
within the probability space is an assessment of the medical condition of the subject,

1981062} Rules cen be assipned by the user (for example, medical personnel} {o any poind in the
probabilily space. The rules may guide the user in wuderstanding the subject’s current medical
eondition and guide the user in selecting a course of action

[00103] The methods described herein can be performed at amy polnt jn time during observation of
the subject, Subject data cun be obtained at various time points. The position of the subject dala in
the probability space can then be caleniated using the mathematical methods described herein. The
steps of obtaining snd calculating the position of subject data in a probability space can be repeated
to yield a ttajectory within a probability sproe, wherein said trajectory is indicative of a time series
of the assessed clinical outcomes,

100304} Frajectory

001035} As a medical condition progresses, a subject is typically monitored by medicaf personnel.
Moniloring can be preformed by runuing n series of tests. As testing methods and devices, snch as
point-of-care microfluidic devices, beeome more reliable and accessible, data from the patient can
be acquired and processed at multiple time points. The sequential structure of obtained data is often
a timne series or & sat of longitudina! daty, bt may also be data that reflects changes that oceur
sequentially with no specific reference lo time, The sysiem does not require that e time or
sequence values are equally spaced. In Fact, the time parameter can be a random vasiable itsolf,

{045 06] In some embodiments, the time series of obtaining subjoct data is at least 6, 24, 48, 72, or 96
hours. In other emboditnets, the time series can be at least 7, 340, 60, 90, 188, or more days. The
time saries can also be over 2 weries of years.

{00107} The fongitudinni dsta provides valoeble insight into the progression of a medical condition
ar ireatment, However, a8 the number of tested items increnses, the complexity of analyzing the
fongitudinal data increascs. |t can become very diffieult to understand or deferntine relevant data
about a medical condition or treatment.

FOR188] The longiludinal data aoquired From a subject can be grouped into & vector or a trajectory to
aszess a medical condition, A vector is defined geometrically as an arrow where the tail is the initinl
poist and the bead is the tesminal point. A vector's composents can relate (o a geographical

coordinate system, such as longitade and latitade. Navigation, by way of specilic sxample, uses

~ vecliors extensively to locele objects and to determine the dirention of movement of aircraft and

watercraf},
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{0010%) Physics and engineering fields are probably the most cosnmon users of veolor analysis and
have stinuiated tuch of the mathematical research, In the field of mechanics, vector analysis
abjeets inctude equations of motion fockuding location, velosity, direction, and acceleration; eenter
of gravity; moments of inertia; forces such as friction, stress, and piain; electromagnetic and
gravitational fields,

[00110} Velocity, the time rate of change in position, is the combination of speed (veetor lengtly and
bearing (vector direction). Acceleration is another commuon vector quantity, which i the time rate of
change of the velooity, Both velocity and accelerstion are obtained through vector noslysis, which is
the mathematical detenmination of a vector's propertics and/or behaviors.

109211] Vector aualysis of longitudinal subject data pertaining to a medical condition ean be used to
nnderstand the medical condition and statistically determine & discrets clinical outcome.

[00112] For example, the normal conditien for the individual can be observed by plotting blomatkeor
duta for the individust. The stable, normal condition will be & located in one portion of the graph.
{001 £3) The individuat's normal condition may be disturbed by the adminisiration of
pharmacentical or a change in medical condition. Under the effect of the administered
planeaceutical, the individual's normal condition will become unstable and move from its original
position in the graph {0 a new position in the graph. When the administration of a pharmaceuticat i3
stopped, or the effect of the pharmaceutical ends, the individual's normal condition may be disturbed
agein, which wounld lead to another move of the notmal condition in {he graph. When the
administration of a pharmaceutical is stopped, or the effect of the pharmacentica] ends, the
individual's normal condition may return Lo {ts origingl position in the graph before the
pharmaceutical was adninistered or to a new or tertiary position that is difforent from boih the
primary pre-phanmaceutical position and the secondary phasmaceutical-resultant position.

{06114 In some instances, bicmarker values ean chiange very supidly, such that standurd smnpling
{for example, a lab fest) may miss lerge changes in the vaiues. In an example, sepsis can ocour very
quickiy when a pattent is using a phisrmaceutical or is a member of a pharmacewtical clinicat trial.
Many times, early clues a3 to the noedical condition of the paticnt are not seen beeause cteent
testing procedures do not oscur rapidly enough, Also current testing procedures are inflexible within
a short period of lime, $o if a pationt needs to be tested for a different biomarker value or
physiological parameter within a short period of times (for example, 4 hours}, it is often not possible
to receive fesi resulls.

{00115} Large changes in biomarker values can oecur such that conventional fab methods which use
anly one sample dilution level cannot measure the snalyte due to the range of the device. Oflen,
inore sophisticated izb methods that use multiple ditetion ranges that extend 2 range can also be
overwheimed by a massive change (for cxemple, greater than 1600-fold) in a biomarker value. 1fa

dilution is repeated to obtain the proper range, in many ivstances 24 howrs may have efapsed before
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the results of the assays are obtained, As desoribed, a system or method herein can report results in
near real-thme fashion, therefore medical personmel bas the ability to change the cousse of medical
action a necessary from the biomarler values obiained. For example, when an increase of an
analyle between assay increases by 100-fold, 200-fold, 500-fold, 1000-fuid, 10,800-fold, or even
mote, it can increase the dilotion level nsed for the next sample {for example, 100, 200, 500, 1000,
16,000-fold or higher) in addition to changing the frequency of measurement of the analyte.
{00116} In an aspect herein, a method of menitoring sepsis development of a sabject comprises:
measuring at least two paramelers selected from the grovp of (1) body temperature of said subject,
{2) protein C concentration of swid subject, (3) interleukin 6 (IL-6) concentration of said subject,
multiple tmes to vield a trend of temperature, protein C trend, and/or IL-6; and whorein an increase
beyond nomma! body temperature, 2 decreass i protein C concentration and/or an norease in IL-G
concentration is indicative of the development of sepsis in said subjoct. A decrease in protein C
followed by an increase of IL-6 can be ndicative of the development of sepsis in said subject. A
decrerse in protein C followed by an increase of JL-6 and an increage heyond normal body
temmperstuce can be indientive of the development of sepsis in said sulject. In some instances, an al
tenst about 10-fold, 100-fold, 200-fold, 500-fold, 100C-foid, 10,600-fold, 500,000-fold or more
increase in JL-6 concentration in said subject is indicative of the development of sepais in said
subject, n a further instance, an at least abowut 10-fold, 100-fold, 200-fold, 500-fold, 1000-Told, or
more decrease in proiein C concentration in said pulifect is indicalive of the develepment of sepsis
in said subject,

{061 37} n an example, when no significant event is ovcarring in a patient following chemothorapy
al home, the measurement {requency of an anatyle can be reduced. In some instances, the system
can prompt appropiiate action by s user baged on prior results.

08118} o some instovces, the methods and sysiems desoribed herein allow for the monitoring of the
hesith status or medical condition of a subjest throughout 4 time frame as small as a few days, For
example, the evolution and pathophysiology of the disease process, the responss to therapy, and the
possible onssl of mmtowand side effects upon exposure Lo a doog can be monitored by longitedinally
ssmpling blood. From these samples a profile of key sirculating bjomarkers can be estzblished.
Specific biomarkers can be selected based on, for example withont imitation; knowledge of the
disense process and its molecular pathophysiology, the mechanism of asetion of a given compound,
and its observed effects profiles.

[06119] Representation of a similar movement of longitudinal dats to that previously described is
ilustrated in Fig. 5. At cach time point {1 =0 to T = 1), the data point is plotted in a probabifity
space. The line traveled frowm one point 1o the next is a veetor.

{08120] Diagnosis of the individual inay be aided by studying several aspects of the moversent of

the individial's medical condition in a probabifily space. The direction (for examyple, the angle
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and/or arientation) of the path followed by the modical conditlon as it moves in the graph can aid in
the disgnosis, prognosis and freatment decision-making for a given clinical cutcome. The speed and
acceleration of the movemnent of the medical condition in the graph may also be dizgnostie, Adso, the
position of the (ndividual’s medieal condition at sn independent time point may itself be disgnostic.
[09121] Given that the direction and/or speed of the movement of the nonipal condition in the graph
is diagnostic, one can use the direction andfor speed of the initial movement of the normal condition
to predict the consequent, sew lovation of the normal cotdition; especialy it i established that,
under the effect of 4 certain agent (for example, a pharmaceutical}, there are only a certain number
of loeations in the greph ot which an individual's nowmal condition will stabilize.

00122 However, in some aspects of the invention, both diagnosis and prediction of assessing the
medical condition of a subject are performed by qualified medical persenuel and the mathematical
miodel provides an eduestional ool and resource.

{80123} Fig. 6 illustrates an exemplary method of the invention for applying a mathematical model
longitudinally in real-time. Relevant bomarkers and discrete clinical outcomes comesponding 1o
different biomarker patterns sre predetermined from bistorical data. Dafa is then obtained from n
subjeet aud the data corresponding te ench relevant biomarker is messured. Data is praferably
obtained from the subject using a point-of-care microfividic device, haweves, it can be obtained in
any manger. Each time the data is obtained a distance metric (for exarople, Mahalanobis distance) is
caleulated in relation to each centroid cblained from a eluster analysis of the listorical data. The
controids represent the diserete olinical oulvornes determined from the historieal data.

[60124] As following the flow dispram in Fig, 6, for eacht individual data set through time, the
probability of the data belonging to each clinical outcome is caleulated, The probability is caleulated
from the distance metric using a statistionl estimution procedure, such as o Bayesian estimuate. Basest
on the set of ealeulated probabilities, the position of each time point of subject dala is assigned to the
probability spece, The caleulation is repeated {or each time point.

[G125] A trajectory or vector is then created by linking adjacent time poinis. The distance,
direction, speed, and acceleration of the vector cat be caleulated and plotted for display or review. If
the user {for example, pliysician), deems the data to be of significant importance, the user may
aglivate an alarm or warning systen and accordingly change the course of artion for treating or
monitoring the medical condition. After a cowrse of action has been adjusted, the steps assessing the
medical condition of a subject ean be repeated Lo continue Lo mwonitor the tjeciory of the subject.
{00726 Fig. 7 illustyales an exemplary method of the invention for developing an alarm or early
warning systew for or upon assessing the medicat condition of a subject, Tie trajectory of 1 medical
condition of subjeet and the information corresponding 1o the trajectory (for exanple, speed of
aceeleration) is oblained taough & method of ultivariale slatistical calculations, such as the

method iilustrated in Fig. 6. I order Lo analyze the jaformation obteived from fhe mathemntical
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analysis, qualified medical personnel {for example, & physician) can establish criteria for activating
an alarto or warning system based on the measurement of biomarker patterns from an individual
subject.

[06127{ This method allows cach individual user to defing lhe value and set of exiteria as they see fit,
nceording to the individual user’s ptivsities, Tt is understood that each user or physician may view
each medical condition differently and the example method of Fig. 7 accounts for these differences.
{00128} An exemipiasy method of the invention assigns progress lines to each discrete clinieal
outeome. The progress lines may represent different clinical criteria for the medical condition a
subject passes over. Proferably, (he progress lines are positioned and determined by an individua
user, such ks medical personnel, The user may rssign different locations of the progress lines based
upon the subjeet history, historical data of the inedical condition, or persons] experisnce. An
example of a probability space with rules demonsirated as progress nes is illustrated in Fig. 8, For
examgple, if the trajeciory of a subjest goes within one of the progress lnes illustrated in Fig. 8, an
alarm or wandng syslem may be aclivated to notify the vser or the sulject. Other possible results
inchide, but are not limited to, a system printout of the medical data, & user interface displaying the
information, & fiashing light, an alert system, an alarm, a buzzer, an email, & telephone
contmunication, and a pager system. The alarm system not only naserses the current medical
condition of the subject, but mny alse guide a course of action for the user,

601291 When one or more of the chiaracteristics of the trajeclory surpasses a specific value a5
determined by the model nser, an alanm or warning system cag be activafed. The nser can then
determine 1he next course of action for assessing the medical condition of the subject,

1681301 In an embodiment of the invention, medical persennel or the subject can be notitied of 2
necd for taking a medical action afler assessing or characterizing the position of the subiiect data ina
probability space. Bxamples of & notification include ai alert system, an alarm, 8 buzzer, an email, a
telephone communication, and a pager system.

[00131) Medical personne] may take medical action when nolilied by the methods of the invention
that the medical condition of a subject has violeled a rule imposed by the medical personnel.
Medical action includces, bat is not limited to, ordering more tests performed on the patient, altering
e dosage of an administerad therapeulic agent, administering & therapeutic agent, ferminating the
administration of & theropestio agent, combining thernpies, admindstering an alternative therapy,
placing the subject on a dislysis or heart and fung machice, and administering a pain killer, In some
ambodirnents, the subject taay take medical action. For example, a diabetic subject may administer a
dose of insulin.

[04132} After & medical action has heen taken or has been chosen, an vulcome anakysis can be
performed {or characterizing a result of the seiected setion. The outcome analysis can lead to

antomatically updating the probability of the discrete clinical outcoroe of the subjest.
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[80133] Any clinical outcome, result, or action related to a particular medical condition may be
wtilized as a discrete clinical cudcome. For examaple, discrete olinical outcomes may be generic, such
as responder, non-respondesr, parttial responder, and septiz, or they be more specific guch as adverse
drug reactions. In addition, discrete clinical outcomes may be sequellae, or downsiream clinically
relevant events or results. Subject daia can be abtained {or any phanmacologicsl, pathophysiological
or pathopsychalogical elinical outenme. The subject dafa tay be obtained doring a fivst time period
before an intervemtion is adnrinistered to the patient, and also dusing a second, or more, lime
period(s) after the intervention is adnunistored to the pationt. The intervention may comprise a
drug(s) and/or a placebo. The inlervention may be suspected to have a propensity to affect the
heighteved risk of the onset of the specific medical condition. The intervention iy be suspected of
having o propensity to decrease the heightened risk of the onget of the spesific medical condition.
The specific medical condition may be an unwanted side effect. The intervention may comprise
administering a drog, and wherein the dmg has a propensity to increase the risk of the specific
medical condition, the specific medical condition may be an undesired side elfoct.

[60134] Medical conditions include, but are not limited lo, pharmacologicnl, patholegical,
physiclogical and psychological conditions. For example, shaormaiity, afiliction, ailment, anomaly,
anxiety, canse, disease, disorder, illness, indisposition, infirmity, malady, problem or sickness, and
may include a positive mexdical condition for example, fertility, pregnancy and refarded or 1eversed
male pattein baldness, Specific medical conditions inclhude, but are not Himited fo, neurodegencrative
digorders, reproductive disordess, cardiovaseular disorders, sulvimmune disorders, inflammatory
digorders, eancers, bacierial and viral infections, diabetes, arthritls sud endocrine disorders, Other
diseases include, but are not limsited to, lupus, theuruatoid arthritis, endometriosis, multiple sclerosis,
stroke, Alzhelmer’s discase, Parkinson's disenses, Huntington's discase, Prion diseases, smyotrophic
Interad sclerosis (ALS), ischacimias, atherosclerosts, rigk of myocardiai infarction, hypestension,
pulmonary kypertension, congestive heart failure, thromboses, dinbetes mellitus types Lor B, hung
cancet, breast cancer, colon caneer, prostate cances, ovarian cances, pancrealie cancer, brain cuneer,
solid tumors, metanoma, disorders of liptd metabolism, FIV/AIDS, hepatitis, inciuding hepatitis A,
B and C, thyroid discase, ebevrant aging, and any other disease or diserder,

[80135] Biolopical Markers

[B9136) Biological markers, also referred o hetein ag biomarkers, ascording {o the present invention
inciude withoul Lmitslion drugs, prodrogs, pharmacestical agents, drug metabolites, biomarkers
such as expressed proteing and cell markers, antibodies, serum proteing, cholesterol,
pelysaccharides, nucieic acids, biological apalytes, biomarker, gene, protefn, of hosmone, or any
combination thersof. At a molecular level, the biomarkers can be polypepiide, glycoprotein,

polysacelwride, lipid, nueleic seid, snd a combination thereof,
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(001371 0f particalar interest are biomarkers associated with s panicular disease or with a specilic
discase stage. Such biomarkers include but are not limited o those associated with autoimmune
diseases, cbosity, hypertension, diabetes, neuronal and/or muscnlar degenerative diseases, eardiac
diseases, endocrine disorders, any combinations thereof.

00138 Also of inferest are biomarkers fhat are pregent in varying abundanee i one or more of the
body tissues inciuding heart, Hver, prostate, lng, kidney, bene martow, blood, skin, bladder, brain,
muscles, nerves, and aslected tiasues that are affected by varlous discase, such as different types of
cancer (malignant or non-motastatic), autoiminune diseases, inflamroatory or degeneretive diseases.
[61139] Also of interest are analytes that are indicative of 8 microotganist. Exemplary
microorganisms include but are not limited to bactexium, virus, fungus and protozos, Other
hiowmarkers obtained fram g subject also include Blood-born pathogens selected from a non-limiting
group thet consists of Staphylocuceus epidernidis, Eschevichia coli, methicillin-resistant

Staphylococous awreus (MSRA), Staphylococeus aurens, Staphylococeus hominis, Enferococcus

[faecalis, Psaudomonas aeruginosa, Stapliylocecens capitls, Staphylococcus warneri, Klebsiella

prewmoniae, Haemophilus influnzae, Staphylococeus simnlans, Streptococeus prewmoniae and
Candida albicans.

{06148} Biomarkers also encompase a variety of sexually transmitted diseases selected from the
following: gonorthen (Neisseria gorriiveae), syphilis (Treponena pallidum), clamydia (Clamyda
fracomitis), nongotecocesl urethritis (Ureaplasm urealyticun), yeast infection {Candida albicans},
chaneroid (Haemophilus ducrepr), trichomoninsis {Trichomonas vaginalis), genital herpes (H8V
type T & 1}, HIV I, HIV Ii and hepatitis A, B, €, G, as well s bopatitis caused by TTY.

{00141} Biomarkers cocompass a diversity of respiratory pathogens inciuding but not Jimited to
Tseudomonas asruginosa, niethicillin-resistant Staphivcoccens aureus (MSRAJ, Klebsielln
presmoniae, Hoemophilis influernzoe, Stapilococcus awrens, Stengtrophomanas maltophilia,
Huemophilis parvinfiuenzae, Escherichia coll, Ererococeus faecalls, Servatia inarcescens,
Huaemophilis parahaemolyticus, Enterococeus clogeae, Candida albicans, Moraxielly catarrialis,
Streptococeus preumoniae, Cltrohacter freundil, Enterococeus faecium, Klebselln oxyioca,
Freudomonas fluorscens, Neiseria meningitidis, Streplococens pyogenes, Prewmnocystis carinii,
Klebsella prevmoniae Legionella pnewinophils, Mycoplosma preumeniae, and Mycobacterium
tuberculosis.

{0 147] Listed below are additiona] exemplary markers acconding 10 the present invention:
Theoplylline, CRP, CKMB, PSA, Myoglobin, CAI2S, Progesterone, TaBB2, 6-keto-PGF-1-alpha,
and Theophylline, Estradiol , Lutenizing hormone, High sensitivity CRP, Trighycerides, Trypiase,

Low density lipoprotein Cholesterol, High density lipoprotein Cholesterol, Cholestierol, FGFR.
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[#0143] Bxemplary liver markers include, without limitation, Arginase 1 {liver type), Alpha-
fetoprotein {AFP), Alkaline phosphatase, Alanine aminotransferase (ALT), Lactate dehydsogenase
(LD, Protein C, and Bilirubin,

[60144} Exernplary kidney markers include without Himitation TN¥a Receptor, Cystatin C,
Lipoealintype winary prostaglandin D, synthatase (LPGDB), Hepatocyte growth factor receptor,
Polyeystin 2, Polycystin 1, Fibrocystin, Uromodulin, Alanine, aminopeptidase, N-acetyl-B-D-
glucosaminidase, Albumin, and Retinol-binding protein (RB1?).

[00245) Exemplary hewt markers include withoul Hinitation Troponin I (Tal), Troponin T (InT}),
CK, CKMB, Myoglobin, Paity acid binding protein (FABP), CRP, D-dimer, 8-100 protein, BN,
NT-proBNP, PAPP-A, Myeloperozidase (MPO}, Glyeogen phosphorylese isoenzyme BR (GYBRB),
Thrombin Activatable Fibrinolysis Inhibitor (TAFD), Fibrinogen, Ischemia modified albumin (IMA),
Candivtrophin-1, and MLC-I {Myosin Light Chaiu-T).

[#0146] Fxemplary pancreattic markers inciude without limitation Insulin, Anylase, Pancreatitis-
Assocoaled protein (PAP-1), and Regeneratein proteins (REG).

{08471 Exemplary muscle tisgue markers include without Hinitation Myostatin,

[06148] Exemplary blood markers include without dimitation Erythopoeitin (EPO).

{08149} Exemplary bone markers include without limitation, Cross-linked N-telopeptides of bone
type I collagen (NFx)

Carboxyterminal cross-linking lelopeptide of bone collagen, Lysyl-pyridinoline (devxypyridincline},
Pyridinoling, Tartrate-resistant acid phosphatase, Procollagen type I U propeptide, Procollagen type
I N propeptide, Osteocaicin (bone gla.protein), Alkaline phosphatass, Cathepsin X, COMY
{Cartiflage Oligimeric Matrix Frotein}, Ostescrin

Osteoprotegerin (OPG), RANKL, sRANK , TRAT 5 (TRACP 5}, Osteobiest Specilic Factor 1
(O8E-1, Pleiotropliin), Soluble cell adbnsion molecules, sTIR, sCD4, sCDE, sCI44, and Osteoblast
Speeific Factor 2 (OGSE-2, Perlosting.

101561 T seme embodiments mackers aceording (o the present invention are disense speeific.
Fixemplary cancer markers include without Limitation PSA (totel prostate specilic antipen),
Creatinine, Prostatic acid phogphatase, PSA complexes, Prostiaie-specific gene-1, CA 12-5,
Carcinoembryonic Antigen (CEA), Alpha feto proteln {AFT) , HCG (Human cheronic
gonadotrapin), hibin, CAA Ovarian 1824, CA 27,29, CA 15-3, CAA Breost C1924, Her-2,
Pancrestic, CA 19-9, Carcincembryonic Antigen, CAA pancreatic, Mewron-specific enoiase,
Angiostalin

DeR2 (Seluble decoy receptor 33, Endosiatin, Ep-CAM (MK-1}, Free Immunoglobulin Light Chais
Kappa, Free Inmunoglobulio Light Chain Lambea, Herstatiz, Clhuomogranin A, Adrenumeadullin,

Integrin, Tipidermol growth factor receplos, Bpidermal growth factor receptor-Tyrosine kinase, Pro-
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adrenoreedullin N-tenmninal 20 peptide, Vascular endothelial growth fuctor, Vascular endothelial
growth factor receptor, Stem cell facior receptor, e-kit/lCDR, KDR, and Midkine.

[60151] Exemplary infectious disease markers include without limitation Virsmia, Bactereinia,
Sepsis, PMN Elasiase, PMN elastase/ al-PLcomplex, Surfactant Protein I (SP-D), HB Ve anligen,
EB Vs antigen, Anti-HEB Ve, Anii-HIV, T-supressor cell antigen, T-cell antigen ratio, T-belper cell
antigen, Anti-HCV, Pyrogens, p24 antigen, Muvamyl-dipeptido,

#0152} Bxennplary diehetes markers inchsde without limitation C-Peptide, Hemoglohin Ale,
Glycated albursin, Advanced glycosylation end products (AGEs), 1,5-mbydroglucitol, Gastric
Tnhibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGPTL3 and 4,

|00 53} Exemplary inflammation markess inelude without limitation Rhewmatoid factor (RI),
Tumor Necroais faotor-o (TNTF-e), Antinuclear Anlibody (ANA), C-reactive protein (CRF), Clara
Cedl Protein (Uteroglobin).

[08154] Exeroplary allergy markers include without limitation Total Ig2 and Specific IgE.

[B¢E55] Brenyary autism madkers inchede without limitation Cervloplamnin, Metalothieneine,
Zinc, Copper, B6, B12, Gluiathions, Alkaline phosphatase, and Asctivation of apo-alkaline
phesphatase,

{00156] Exemplary coagulation disorders markers jociude without fimdtation b-Thremboghobulin,
Platelet factor 4, Vor Willebrand factor,

{06157} In some ainbodiments & marker ey be therapy speeilie. COX inhibiters include without
Limitation TxB2 (Cox-1), 6-keto-PGF-1-alpha (Cox 2}, 11-Deliydro-TxB-1a (Cox-1},

[06158] Other markers of the present include without lindtaiion Leptin, Leptin receptor, and
Procalcitonin, Brain S100 protein, Substance P, §-Iso-PGT-2a.

[0 £5%] Bxemplary perintric markers include without limitation, Newron-specific enclase, GFAP,
and S100B.

104160 Bremplary warkers of nufritional status include without liznitation Prealbumin, Atbumin,
Retinol-binding protein (RBE), Transforrin, Acylation-Stimulating Pratein (ASP), Adiponectin,
Aponti-Related Protein (AgRP), Augiopoietis-like Prolein 4 (ANGPTLA, FIAF), C-peptide, AFABE
{Adipooyte Patty Acid Binding Protein, FADE4)

Acylation-Stiniulating Protein (ASF), BFARP (Fpidenna] Fatty Acid Rinding Protein, FABPS),
Gticentin, Gleeagon, Giucagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptor, PYY, RELMs, Resistin, mmd sTIR {solubie Fransforrin Receptor).

{60161} Fremplary markers of lipid metabolism inciude without Hmitation Apo-lipoproteing
(several), Apo-Al, Apo-B, Ape-C-CIT, Apo-F), Apo-E.

HI0162] Exerplary coagulation status markers include without limitation Factor & Fibrinogen,
Factor I Prothrorabin, Factor 1z Tissue factor, Factor IV: Caleiun, Fretor V) Proaceeterin, Factor

VI, Bactor VII: Pracanvertin, Factor VIIE, Anti-kemolytic factor, Faclor IX: Christmasg factor,
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Factor X Stuarl-Prower factor, Factor XI: Plasma ihromboplastin antecedent, Factor XII: Hageman
factor, Factor XTIk Fibrin-stabijizing factor, Prekalfilkirein, High-molecular-weight kininogen,
Protein C, Protein 8, D-dimes, Tissue plasminogen activater, Plasmincgen, a2-Antiplasmin,
Plasmincgen activator inhibitor 1 (PAEL.

[663 63} Bxesmplary monoclonal antibadies fuclude those for BGER, EbB2, and IGFIR.

[01.64] Excinplary tyrosine kinase inhibiiors include without limitation Abl, Kit, PDGFR, Sre,
FrbE2, FbB 4, BOFR, EphB, VEGFR -4, PDGFRb, FLt3, FGIR, PEC, Met, Tie2, RAF, and
TrkA.

[00165] Bxemplary Serine/Threoline Kinase Inbibitors include wilhout Emilation AXT, Aorora
AB/B, CDE., CDK (pan), (DK 1-2, VEGER2, PDGERL, CHEA/6, MEK 1-2, mTOR, and FEC-bets.
[00166] GPOR tergets inelude without limitation Histamine Receptors, Serctonin Receptors,
Angiotensin Receptors, Adrenoreceptors, Musearinic Acetyicholine Receplors, GoitUi Recaptors,
Idopamine Receplors, Prostaglandin Receptors, and ADP Receptors.

(401671 Tis & separate embodiment, 2 mefhod herein wtilizes pharmacologieal paramefers uselul for
assessing efficacy and/or loxdeity of & therapentic agent and the agent’s affeet on a medical
condition. For the purposes of this invention, 1 “therapentic agent” is intended to include any
substances that have thegapentic utility and/or potential. Such substances include but are not limited
to biological or chemical carnpounds such as simple or somplex organic or inorganie mofecilles,
peptidés, proteins {for example, antibodics} or a pelynucleotides (for example, anti-zense). A vast
array of compounds can be syuthesized, for example, polymers, such s polypeptides and
polynuclectides, and synthetic organic comgpounds based on various core structures, and these are
also included in lhe tert “therapeutic sgent”. fn addition, various patural sources can provide
compounds for sereening, such as plant or anjmal extracts, and the like. It should be understond,
althouph not always explicitly stated that the agent is used alone or in combination witk ancther
agent, having the same or different biological activity as the agenis identified by the inventive
screen. The agents and methods alao are intended (o be combined with other therapies.

[00168] Emplomentalion of the Methods

(#3169 1t is to be vndersiood that the exemplary wethods and systems deseribed herein may be
implemnented in various forms of hardware, soflware, fionware, special putpuse processors, of 4
combination thereof, Mefhods herein ean bo implemented in software sy i application program
tangibly embodied on one or mere program siorage devices. The application program may be
executed by any machine, device, or platlorm comprising suitable wrchitesture. It is to be further
understood that, because seme of the systems and methods depicted in the Figuros are prelerably
implemented in soltware, the astun] connections belween the system components (or the process

stepsy may differ depending upon the mauser in which the present invention is programmed. Given
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the tenchings hetein, one of ordinary skill in the refated art will be able to confemplate or practice
these ood similar implementations or configuraiions of the present invention.

{00179} Fig. ¢ illustraics the process flow of building the model and system for assessing the
medical condition of a subject. The subjeot inputs personal data into a database, The same ora
different database contains data from other subjects with a similar medical condition, Data from the
other subjents can be historical dala from public or private jnstitutions. Data from olber subjects may
also be internal data from a clinical study.

{04171] The subject may input data in a variety of ways, or using a variety of devices. For example,
a point-of-care microfluidic device may be used to acquite biomarker data st the point-of-care. The
data From the device may then be commumicated directly from the device to 4 databsse or provessor.
A computer or data entry system Toay also input subject data to a database or processor. Data may be
automatically obtained and input imto a computer from another computer or data entry system.
Another method of inputting data to a database is using an input device such as a keyboard, touch
soreen, trackbali, or a mouse for direclly entering data into a detabase.

[00572] A database is developed for & medical condition in which relevant clinical information is
filtered or mined over a commumication network (for sxample, the Internet) from one or more data
sources, such as & public remote database, an intersal remote database, and a local database. A
public database can iuclnde online sources of free clinical data for use by the general public, suekas,
for exemple, datsbases supplied by the U8, Department of Health and Human Services. For
example, an isternal database can be & private internal database belenging to particuiar hospital, ora
SMS (Shared Medical System) for providing clinical data, A local database can comptise, for
example, biomarker data relating to discrete clinical outeome. The local daiabese may include data
from a clivdeal frind. I may aiso inclnde clinical data such as temperature and laboratory
information, EX.G results, blood test resulés, patient survey respornses, or other items from patients in
& hospital or sn internal kospital monitoring system. The database can also include historical
reference data of a pluraity of subject members i relationship o ai Jeast one biclogiend marker,
{60173F The datshase may aiso be uplersented on a variely of commercially available awhoring
packages.

100174} The database may be of a sterage unit of a medicel information system,

{00175} Data from a database can be Gllered and classified aceording Lo specific erses or medical
vonditions or a group of dizgnoses and conditions. For example, the classification within the
database may follow the standard interpational code of disgnoses (ICE3-9 coding syslem). A medical
condition may tnclude, for examgple, a physical state ol a subject or a discase that the subject is

suffering from.
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{60176} In an embodiment, the data stored in the database may be selected from the categories
consisting of: pathology, avatomy, tzeatment option, treatinenst outeomne, phatmacological parameter,
pharmasokinetios perameter, psychological parameter, and genomie fnformation.

100177} Subjest data can be stored with a unique identifier for recognition by a processor or a user.
in another slep, the processor or user can eonduct a search of stered data by selecting at least ons
eriterion for partioular patient data, The particular patient data can then be retrieved,

[(01.78] Relationslips can be established between elements of the public databases, the internal
databases and the sybject data. Bxplicit reletionships declare and record inferences made based on
information revealed by the trajectory or other available observations,

[G01TH Fig. 9 Mustuates the flow of data from a database that includes the data frorm the subject tea-
processor that perfotms the mathewatical methods described Berein to constiuct a probability space.
The subject data may also be inpulted to the processor separately from the data perteining fo &
discrete clinical outeome that is stored in a database,

{00150) A processor can perform calcufating the probability space. Once a probability space map is
prepared, the same processor or a different processor can plot biomarker data from an individual
subject within the probability space. Tho probability space map itself can be teansmitted to an
cutput, such as a display menitor. The position of the subject data within the probability space may
also be trangmitted to an outpnt. The processor may have a means for receiving patient data directly
from an input device, a means of storing the subject data in 2 storage unit, and a means for
processing data. The processor may also inchrde a means for recelving instructions a uger or g user
interface. The provessor inay have memozy, such as random aceess memory, a6 i well known inthe
art, In one embodiment, au output that is in coromunication with the processor is provided.

OR8] A urer interface refers to graphical, textual, or audibery information presented Lo a user.
User interfave may also refer to the conlrel sequences uged for comrolling o program or device, such
a3 keystrokes, movemeonts, or seiections.

[00182) A uscr interface may be 8 comemercial software application for displaying subject data
and/or the position of the subject dula i a probability space. The user interface generaily provides
users wilh access Lo a task-specific sel of functions to view and modify conlent, In prefersble
embodiments of the invention, the user interface is z graphical user interface (UL In some
ewhodiments, & constructed probability space in two dimensions can be viewed nsing a GUL Also,
the teajectory of subjeet dala positioned within the probahility space can be viowed using a GUE The
GUIL may be displayed on s displny monitor. Cther uger interfaces it may be utilized with the
methods of the invention include, but ave not Hinited to, alert systemes, weh-based interfaces, text
interfaces, sound interfaces, balch interfaces, and intelligent interfaces. In an ombediment of the

inveniion, the user interface can remolely communicaie with the systera,
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[B0183] By acquiring data from a subject at multiple points in time, a {rajectory of the subject data
ean be provessed. For eaelt time point, a provcessor inay caleulate the position of the subject data
tisue point in a probability space, A trajectory i ereated by connecting at least bwo time points of
subject data, Different veotor parameters of the trajectory can be caloulated such as distance, speed,
direction, and aceeleration. The vecior parametess ¢an be caleulsted by a processor, The processor
may be the same a8 or differsnt than the processor used o construct the probability space.

[00184) Based upen rales fmposed by a user, the position or tnjectory of subject data may activale
an alert. The alert or alert sysiem notifies the user when the subject data conflicts with 2 rule
ienposcd by a user. For examyple, 2 mie may comprlse the probability of a subject of developing an
adverse drug reaction (ADR) is greater than 60 percent. When the probability of the subject data
excoeds the rule, an alert is cormmmicated 1o a user.

{30185} Examples of an alert include, but are not limited to, & sound, a light, a printout, a readout, a
display, a page, an e-mail, a fax alert, telephonie communication, or a comnbination thereof. The alext
may communicate to The aser the taw subject dats, the calenlated position in probability space of the
subject data, the trijectory of the subject dats, or a combination thereof,

{00161 A ueer is most preferably medical personnet. Jo an embodinment, the same user has aceess 1o
the subject data, establishes the rules for aleeting the user, and is alerted by he afert. ‘The user may
also be the subject. For example, o diabetic paljent may monitor his personal ghicose fevels or other
biomarker levels. In another embosdiment, @ user bag secess to the subject data at sy step of the
mathematical model.

[0 87} Fig. 10 demonstrates o networking method of assessing the medical condition of a subject.
A gystem of communicating information mway or may not inchide a reader for reading subjeet data.
For exnmple, if biomarker data is seguized by o microftuidic point-of-vare device, the values
assigned io different individual biomackers may be read by the devics itgelf or a separate device.
Another example of a reader woukd b a systemn 1o scan i subject data that hag been entered in an
electronic medical record of a physician chart. A further example of a reader would consist of an
elecironic patien! record database from wihich subject data could be directiy cbiained via the
communications networl,

[G0188] A user station may be incorporated into tie methods and systems herein. The user stalion
can act as a render for reading subject data or as a data entry systam. The user station may also be
wsied to communicate dada information direstly 1o a user, such s medicsl personnel or the subject.
The user station platform may be o computer or one of & wide variety of hardware platformns that
rung any operating systom. The piatform may read and write to and from a storage unit, A storage
unit moy be incorporated within the user station. As will be readily apparent lo those of ordinary

skill in the art, olher hardware mony be used to execute the methods of the invention,

e



10

i

25

30

35

00189 According to still further embodiments, a server may be provided for use in assessing a
medical condition of a subject. Iy some embodiments, a reader and/or user station communicates
with a sorver, The server may comprise a nefwork interface anid a processor. A slorage unit may also
be provided in the server. The storage unit is coupled to receive the patient data from the input
device, reader, or user interface, pud 1o store the palient data.

[00298] The storage unil may be any device capable of storing data for a long petiod of time, cither
ag u coroponent of the platform, or sy & separale entity tiat is coupled to the netwesk. Allhosigh any
appropriate storage capacity may be uscd, the capacity 18 typically at least ten megebytes and more
usually at least twenty gigabytes. The storage unit may be permanent or removable. For example,
the slotage mit may be as magnetic random access, such as flexible or hard disk drive, magnetic
ssjueniinl access, such as taps, optical random access such as CD, DVD or Magnetic Optical drive,
and solid state memory, such as EPROM, MRAM sod Flash, In addition, the present invention
anticipates ofher storage devices. All of the aforementioned storage units are by way of exsmple and
are not intended fo Timit (he choices that are oy way become available in the art.

{64191} In sonne esnbodiments, the data are further manipulated prior to storage by the processor
compressing the data. Some data ave very large and compression permits conservation of siorage
space. In the absence of corppression, this large amount of data may present a particular problem for
the storage of medical infermation,

{00192 In other ernbodhments of a systern for assessing the medical condition of a subject, data
slorage, provessing and control of date are implemented on a server that is in commuaication with a
user station. Optionally, computations with the data may be perforimed on the server az well. In this
clicnt-server embodiment, the server is comrnunicatively coupled to one or more user stations by
loeal ares network (LAN), implemented with Hihernet, Wi-Fi, Blactooth, USB or Firewire, a Wide
Aren Network {WAM) such as the Internet, implemenied by broadband cable, 1331, T1,
metropolitan Wi-Fi or other high speed communications down to plaii-cld-telephone-service
(POTS).

[00393].A user stalion is is communication with a server to outpnt the information provessed by the
server, The user slation may be the same or differcat from the user station or devics used to input
subject data into the systero. Vhe vser station may aleo be an alett or a warning systemn. Exomplos of
2 uger siation nelude, bul are not limited to, a computer, 2 PDA, a wireless telephone, and a
personel device, such ag an iPod. The user stalion toay be in coonmunication with a ponter oz o
display monitor to output the information processed by the server,

{08194] In a networked system comprising a server, any sunber dovices may be members of a
medical network enterprise and access # central coflection of medical data stored in a server, A

given user station may have access ko enotmous anzeunis of patiest dala from healtheare sources
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anywhere in the world. In one application, data from roultiple practitioners are accumulated for
defined clinjcal trial studies.

[040195] Statistical information is provided to the user of the system, preferably at the point-of-care.
The point-of-care is where treatment is implemented. Advantsgeously, the dynamic and real-titme
characteristics of Internet usage are eaptured in this festure. This enables medical personnel or the
subject eilier in the office or in the field to instantancousty be sotified of and presented with, for
example, a subject's medical condition and statistical informationt pertaining to the subject date.
[00196) The user station, alerl systew, or output device may enerypt the data prior to data
transmission. The data cen also be encrypted by the processor to protect private information. A.
varety of encryption schemes ray be used, such ag public key encryption or private key encryplion.
The epcryption components way he stand-alone componetits or software components. The server
sy 0lso include 1 decryption unit for decrypling received subject data prior to storage.

061971 In an altemative erobodiment, if the comummication basdwidih between the user and the
server becowes restrictive (For example, if the server iz “down”), the model can be duplicaled and
reside in a mwior server at a user station, Updates and communications between the server and the
wirror server can be doke off-line at predoterrained times. On-line requeste from the user can be
handled loeally by the mirror server. This alternative provides increased reliability for users, since
the on-line processes do not depend on oulside netwarks,

[00198] s an alternative configuration of the datn analysis systemn, client-based architecture is used
where storage, dala processing and coinpulntions are performed on a user station. An input device
transenits data from a source fo a platfonn, The platfotmn s coupled to a display through & display
controller. The display may be sny one of a number of conventionnl display devices, such as a liguid
crystal display or video dispiay. The platfomm coniains & storage unit, a processer and an interface
for commmunicating with the Input device. The storage unit has s dadabage for storing, manipuiating
and retricying subjoct data. The storage unit also may store and run an operating systemn. The user
station platform may be o computer or one of o wide viriely o' hardware platlorms that runs any
operating systern. The platform may read and wiite to and from its storage unit. As will be readily
apparent to those of ordinary skill in the att, other hardware may be vsed to exccute the software.
100199 In another aspect, computer readable instructions are provided, which whan execuled cauge
a processor fo: provide a probability space dafined by o aet of diseiete clinical ouleomes, each of
which is characterized by a slatistica) distribution of af Jeasi one hiological marker; obtain subject
data corresponding to the at least one bivlogical markes; and calendate the position of said subject
data in said yrobabiiity space to assess the probabiiity of a medical condition of said subject,
[60200f The compster readable instructions wmay be a parl of a softwere package. The sofiware
package can be provided with a server of ihe {nvention or an input device, such as a microfiuidic

point-ofcare device,
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[80261] In an embodiment, computer readable instructions comprise instructions for creating a
trajectory between two time points of subject data. The instructions may also cause a processor to
valeulate vecior parameter of a trajectory, sucl as speed, position, heading, and acceleration.
100202} Computer readable instructions may direct a processor or ontput device to output the
assessment of a medical condition. The instructions, when execnied, may display a graphical
representation on a monitor, print an outpul on & printer, or activate an alert or alarm.

[60203) In another aspect, computer readable instructions may be stored in a computer readable
medium, In some embodinents, the computer readable medium that stores instructions is & storage
unit as described herein. S1iil other embodiments may provide a compuler readable medium having
stored therein a plurality of sequences of instructions, which, when executed by a processor, execute
2 method of the invendion.

[06204} The compater readable instractions when executed can cause a provessor to provide a user
defined alert condition based on an assessinent of trafectory parameters of the subject datn in the
probability space. In an cimbediment, the trajectory prrameters are at least one of speed,
acceleration, direction, and position.

[0G265] As used herein, a “comprter readable roedium™ refers to any medium which can be read and
accessed dizeetly by a computer or a processor, Featused computer readable media include, byt are
not limited to, magnetic storage medium, optical storage mediumn, electrienl storage medium, and
hiybrid storage medium of any of these categories.

[#9266] The compuster rendable instructions can operate in a soflware runtime environment of the
procesgor, In an embodiment, a software runtime environment provides commonly tsed fanctions
and facilities required by the software package. Examples of a soflware numtime envisomment
inchude, but sre not limited Lo, computer eperating systems, virtual machines or distuibuied operating
systema. As will be appreciated by those of erdinary sldll in the ar, several other examples of
runtisne enviromment exist.

j66207] The computer reagable medinm may be 4 sforage unit of the present invention s described
herein. It is appreciated by those skilled in the arl thal compuier readable medinm can also be any
aveilable media that cni be aecessed by a server, & processor, o & computer,

{30208} Computer readable media includes volatile and non-volatile, removable and nonvemovable
media irplemented in any method or technology for storage of infonnation such as computer-
readable instructions, data structures, program modules, or other data, Computer siorage media
includes, but is pot limited o, RAM, ROM, EPROM, EEPROM, flesh wemory or other solid state
memory technology, CI-ROM, DV, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or gther magnetic storage devices, or any other medivm which can be used ©

store the desired information and which can be accessed by the computer. A skilled artissn can
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readily adapt any of the presently known metiods for recording information on a computer readoble
medivm.

[00209] The conmputer readable medium can be incorporated as part of the computer-based system of
the present invention, and can be employed for a computer-based assessmert of a medical condition.
[B0239] Heritlicare Upernting System

[O02E 1] Different aspects of the invention can be used and developed for healthears systems,
Exatiples of such systems inchade point-of-care systoms, a boaltheare operating system or a
combination of both. For example, a user may test s blood sample with o deviee pnd the informntion
from the test van be provided to a system or method of the invention, which in turn sends additional
information to the user,

10022 2 To an embodiment, & hesitheare systern is part of an integrated infrastracture built around
real-time, point-of-care dispesable blood menitoring devices which analyze sbout 10 mrcroliter
samples in a similar manner to automated replication of the matwal processes run by a central
Iaboratory. In an integrated infrastraciure, information can be wirelessly transmit from an assay
device to a databage which integeates data from the devioe with stored data from disparate dalabases
(palient record, genetie or geromic information, data from clinical trials) into a centrel database. The
systemn can then allow for the autoratic application of mathemnatics to the database in the context of
the pathopliysiclbgy of & given disorder. For example, a healtheare system can be wsed lo yapidly
fmprove the label of key drugs through adaptive clinical studies which can generate pubtications for
label expansions for new indications, patient subpopulmicm;, and for ameliorating safety concerns,
FH4213] In an cmbodiment of the uvention, & healtheare system can be witized for home, real-time
blood monifering ks significant implications which allow us to colleet information which cannot be
seen using the conventional blood testing infrastructure.

(80284} Fig. 11 illustreies an exemplary embodiment of 5 system of the inventon. Real-time
acquisition of subject data can be accomplished using a point-of-care device. The point-of-care
devier can acguire, store, and/or manage snformation bagsed upon 4 specific disease or compound.
The point-of-care device may also be in commusication with the user or & computer or system
belonging {o the user. A polnt-ol-care ernvironrent in this exacple can be the home or the clinie.
Also illugteated in Fig, 11 s transmitting information in real-time from the point-of-care device to s
sarver or system thot is capable of converting the information or data to a physiologically relevant
context. This can be aceomplished by transferring the information to a database ov a p]lImEil.}' of
datsbrses. The databases can be on a server or 8 plurality of servers, In en emsbodiment, a coptralized
databage repository is used to analyze the data and return the data 1o an end user in a physiologically
relevant context. The data can be retumed and, io the example of Pig. 11, information, such as

clinically relevant and actionable information, can be retumed 10 2 user through browser-based
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software applications. The information could be used for adaptive olinjeal tials and publications if
the end user is a medical researcher or phapmacentical company.

802151 A syatem of the invention comprising 2 point-of-care device in communication with a
lLealtheare systerm may not require the transler of samples, such zs tnsportation to a laboratory,
which in turs, can improve the integrity of 8 sampla. Detection of an analyte in a system or method
of tho invention can be provided in real-time at the peint-of-care, Real-time detection integrated
with a healthcare centrai dstabase system can allow for the creation of complex lengitudinal data
serien acquired by an imomgoassay device,

100216 Fig. 17 demonsirates an exemplary system of the invention, whersin a heallh cere operating
system comprises data infrastracture, models and algorithms, and soflware applications. The data
infrastructure can be nsed by a pharmaceutical company for elinical trials across an entire
pharmacentical pipeline, A mods! or algorithm of the health care operating syster ean comprise, for
exnmple, predictive and dynasmic, multivariate, mulb-dimensional models that can be customized for
program-specific ohjectives and that can map disease progression and regression. A gystem can be
integrated with back-end algorithms, models, and data in the data infrastructure. For example, 2
gystorn can transmit individualized content to users on device touch-screens or mobile phones. The
foedback may agsist with behavier modifieation and increase compliance with therapy. The
algorithans described herein ensble correlation of biood data to efficacy dynamies profites, behavior,
lifestyle, diet, and side-effects.

{00237} Content can be based on daia for pations classes, which recognize physiolugical and
psychological pre-dispositions s well s Jocal socio-enviromental inllnences. In another
embodiment, a system can fink users throngh social setworks, where success stories corapound
through the combination of each tailored home healih system with & given therapy.

[08Z18} The health care operating system can injeract at {he point-of-care with consnmer syslets,
such ag an aesay cartridge, an assay reading deviee, or 8 mobile device such as a oell phone. The
fisld upits can Ge integrated with point-of-care home and mobile moniloring systems. Field uniis can
be remote, portable patient cacs systems and can provide ou-site, real-time, aulomatic processing of
cartridges for blood analysis. In some instances, field units comprise a user interfaee, allowing
patient fo juitiate sssays and graphically enler a variety of refevant information, such as: patient
diaries, enviroamental, behaviors, and paychological information, and two-way compmmnication
system from the instrumnents to medicsl persounel or smobile phonies and back fo patients with
relevant conteist, messages, and health information. Tu some instances, ood and environmenial data
is automatically (for example, wirelesaly) transmitted imdo models in real time.

{08219] As deseribed herein, a health care operting system can comprise mfommation integration
and exploitation infrastructure that permits, for example without Bmitation: data acquisilion and

storage of point-of-care results in real thme, integration of blood parameters mnd patient diary data
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with all other physiologically refevant information, and & central mathematical sofltware program.
The centrai mathemstical soflware prograsn can graphically visualize, belp to iterpret, and analyze
all data in one piace and link any new informatjon into a disease management systern that (hen seaps
the information onto a probability space of clinical onfoomes. A health care operating system or a
field unit can provide a graphical display of clinically refevant and actionable infonmation back to
the health. care provider and/or the patiend or user.

[06220] Possible applications for & healllicare systern of the inveniion inciude, but are not limited to,
an integrated lnk to an edaptive clinical frial or healibeare management system, drug and systems
combinatious for post-preseription monitoring, a healthcare operating system (for example, 4 server
controlied point of care whole bleod monitoting sysiems), and identification of correlations 1o
cfficacy of key compounds during clinical studies.

{96221} In an embodiment, a system con provide a graphical portraysl of integretion of available
dala sets to a vser.

[03%22) In another embodiment, a system of the invention can generate data that yay serve as
historical data in future studies. A system can be customized according a the needs of » user, for
example, extracting relevant information from a phatmaceutical company’s existing databases, a
centeal mathematioat software program which allows a pharmuceutical company to visually see,
interprel, and roalyze all ol their duta in & place and is Enked to a clinical trial system.

{72231 Whea vtitized with clinical trials of pharmaccuticals, a system of the invention can provide
an understanding of compound effieacy, digease progression and patient response that may not be
possible ustag the conventional blood testing infrastruciure.

{002 2414 database and a healtheare system can be customized (o monitor trends protein assays over
time and their relationship to disease progression across different indications while accounting for
the other refevast variables or biomarkers in the pathophysiology of the disease, The cus(omization
can be designed to automatically incorporate all relevant data for use in mapping discase progression
aeross refevant indications and are the {oundation of histerical data. The maps and baselines can be
used in designing fature studies and in fRfure studies to exiract better information from blood test
results and provide early reads on efficacy across different indieations,

1B0235) Fig. 13 domonstrates an exemplary database comprising an ontology of biomarkers that ars
related some types of medical condilions, For example, sepsis o5 n disease i categorized ps a
pathophysiology and is linked in this ontology to Acute Liver Failure (ALF), Disseminated
Intravascular Coagulation (DIC)Y and the like, Bach of these pathologies can be considered a
sequetiae of sepsis in the context of this ontelogy, In this example, & drg used to treat sepsis is
CyloFsb. In some instances, the sequeliac can be characterized by the spectra of biomarkers as
described in Fig. 13, For example, ALF is chamcterized by specific patterns of ALT, AST, GGT,

and Alkaline phosphatase,
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§09226] In an aspect of the invention, the methods, devices and systens disclosed herein can
comprise a lealtheare oporating system. A healtheare aperating systemn can cornprise a central
control system for delivery of care to consumer and for an economic mode] for peyoes and paycés.
{D0227]In an embodiment, a healtheare operating systetn can provide an carly system possibly to
detect the onset of disease. A system can further comprise & learning engino that ties to the
preferences of a user or an jusurance provider bosed on diug availability, targeted response mate, or
payment stracture.

106228] A computer system of server of the vention can include & dynamic featning engize, for
exatnple, as the system or server receives data, the opesutions of the system or gerver can be
updated. A system ot servar ean ajso call in to siloed databases, exiracts, and locally siove
(permanently or temporerily) information in a centrat data repository.

{66229} In another embodiment, a healthcare sysicm ean compriss a communications portal for a
user to conununicate an aay of lnformation to the system, such as weight, sicotine consamption,
food consumption, exeroise, and plyechiatiie variables.

[00236] Fig. 14 illustraics an example hierarchy of & healthcare operating systern of the invention.
The central operating system has access to a data infrastructure aud monitoring devices for obtaining
subject data, As demonstrated in the example in Fig, 14, the data infrastructure can comprise a
search tool, communication links, analysis of date, and applications. For example, a communieations
Tink ean commmunicate 1o & consumer, clinician, or HMO. A clinicirn can use the information for
simplification snd effectiveness of hiz decision making or as a data’knowledge base background. An
HMO could for example receive fuformation of a clinical iral, such as diug effivacy aud the costs of
the drug use. Analysis of information in the data infistructure as ilostrated in Fig. 14 can inclnds
generation of a Gajectory, Tazey fogic gridance, collaborative fiering prediction, discase waps, and
date reports for clinical trials or new drug discovery, Examples of applications of a data
infrastructure include reports {public or private), alerts (for ¢rample alerls of a user, clinician,
clinical trial, or a pharmacy), and dynamic, adjustable trials.

{002:31] Also demonstrated in Fig. 14 is the hicrarchy of information received by the exemplary
aperating system from monitoring devices, The devices and operating system can onitor anld
release drigs if necessary. In a preferable embodiment, the devices monitor analyles in a bodily
{lid. For example, when monktoring blood, the devices may ba cepable of executing preseription
binod tests for a clinical or preventative setling or eveluate drug systems as demonstrated.

902321 In an aspect, a sysiem is disclosed that solicits input fiem the user or his agent {for exatnple,
aphysician) to facilitate 2 conversation between the subject and his agent about the status of the
person’s health at 2 time. Examples of input ihat can be solisited by a system include, but are aot
Timitext to, establishing alert loveds, medical nofation, and pemonal netation. The system can acquire

clinfoaity relevant information shout a person and place the information in a physiologically-
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rensonebie context. Fxamples of clinically relevant information iuclude, but are not limited to, age,
gender, race, medical history, and geaomic information.

[00233] In an embodiment, time dependent data can be representative of overall clinical health or
response, including a diagnosed diseasce condition that requires monitoring, a response profile for a
particutar drug or eombination of drugs, or subject observed observations of his health,

[234] Calcuiated or cbserves] inforcmation can be provided to a user. Examples of users jinclude,
but are 1ot limited to, a patient, a physician, a clinical monitor for a clinjcal triad, and other medical
personnet.

[60235] Information can also be integrated into a centtal repository for inclusion into, for example, a
medical record of a clinical trial report.

[0236] Fig. 15 demonstrates an exemplary system of the invention wherein sn. analysis database can
receive infosmation from a database containing data from a reader or cartridge database, historical
databases, 2 patient database that can coutain data entered by a patient, and a custemer database,
Other fealures of & sysient of the invention are demwnsirated in Fig. 15, The system is capuble of
performing analyais on data received by the system. The atalysis can be any method as described
herein and can inciude developing or utilizing 2 disease map, using statistics for a slatistically
analysis of information within the system, reports or graphs, and/or & combination of the different
methods as dercribed.

(00237 Fig. 15 also ilinstrates a vser interface that may be viilized in a system of the invention. The
user interface cun interact with any of the components demonstrated in Fig. 15, In a preferable
embodiment, the user interface sllows a user to interface with the system 1o determine test dalz or
analysis outcomes, such as physiologically relevant information. The user interface may be a touch
screen, monitor, keybonrd, mouse, or any other item that aliows a user fo interact with a system of
the invention as would be obvious o one skilled in the ad.

{60238] As shown in Flg. 15, a system can be utilized o masags a reader or point-of-care device,
This ean inchude manegement of a varfridge (o be fuserted inte the reader for measurement of data,
For exavaple, the system can provide the reader 2 protocol for running an imanunosssay of the
cartridge. A systemn of the invention can alse provide information to the reader for calibration of the
fnuninoassays run on the cartridge that are run o executed by Lhe reader. Reader management can
slso include information for assigning the reader for the appropriate rending sysiem for reading an
imememoagssay from o point-of-care cariyidge. Reader management can aiso include corrective and
preventive actions (CAPA), which is an instrument of integrated and comprehensive compliance
management. An element of the CAPA. approach is an effective and systematic processing of qualily
deficienciss, errors and mellunctions with the goal to provide appropriate comrective retivns amd
consistenily prevent a reoccmrence of non-conformance situations. The CAPA stentegy was

developed by the Food and Drug Administration (FIDA) for the inspection of suedicsl products,
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[00239} Systems and methods described herein can be nsed for pharmaceutical clinical trials, In
some instances, the systems and methods sceelerate tral fimelines by an average of 18 months. In
somne instances, a system or method herein way provide dose-respouse and efficacy dynnmics
profiles in less than 1§ months, less thar 15 months, less than 12 monts, less than 10 motths, less
than © months or even less than 6 months. Real-tine phammacokinetics and pharmacodynamics may
provide better efficacy and more safety infoematior. The mefhixds herein may also decrease the risk
of toxicity slowing approval or restifeting use by shifting dose across: sub-pepulations, concontant
medications, and multiple indications. In other instances, a systera or methed herein can improve
predictive visibility into pathway dynamgics. A model ag deseribe can produce predictive insights and
power slrategic decisions. A system: can support commupications with regulatory suthoritivs
infernationally and cun facilitate ‘leasn mnd confinm’ sirategy for adaptive ciinical trigls,

{00:240] A system herein can include a data management systern, The data management system can
be cperated throngh a plurality of devices or systeis, or by a single central server. An example of
data manegement of a aystem of the irvention is shown in Fig. 15, A duta menagement system can
receive nput or culput Bom, for example, a point-of-care reader, a databage (such as an analysis
databaze or & historical database), and a terspinal (such as a user inferface}. A data menagersent
syalem can also conduct storage management, for example, storage of a patient’s individoal data or
storage of infocniation related to a particular disezse or drug profiie. For exnmple, if using & system
audfor method of the present irvention fo conduct a clinical triaf on an experimental drug, the data
munggement and storage management systerns cait receive data from the point-of-care from a
reader, and then store the information 1 databases for analysis of the data. Both the patient data and
the anslysis dala may then be stored for future use of a sysiem. For oxample, if one side effect is
noted in o patient in Phase 1 of a clinical trisl, timt side effect information may be used for the
analysis of results of & patient in Phase 11 of the clinieal trisl, As another example, 8 diabetic
individual may receive a glucose measurement at an ¢ariier tne, which may then be used to

evaiuate the condition of the individual at o futer time following anolher measurement,

EXAMPLE L
|80241] Prostate eancer and anti-angiogoncsis treptment
{62423 A Thase | or Phase Ia clinical trial for treuling 8 subject dingnosed with prostate cancer with
an anti-angiopenic drug sllows For dose adjustments during the trisl. The subjeot is monitored over 8
course of thne during the clinical study. The methed of action of the anti-angiogenic drug is to halt
the growth of blood vessels in and around the twmor, thereby depriving the tumor of adeqguate blood
supply. This may induce ischermia and nutritional necrosis i the lumor, thereby debulking the

fumor.
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[00243] Adter the method of action is determined, discrete clinical ontcomes aze chiosen by medical
persenne), such as s physician or elinical monitor. The discrete clindeal outcomes chosen in this
example are complete respanse (CR), partial response (PRR), non-response (NR), and adverse drug
reastion (ADE), The ADR related to the acti-engiogenic drug {s hypertensive encephalopathy in this
example.

{#0244] Six biomarkers represenistive of the clindeal oulcome of the subject with prosfate cancer are
chosen to define the dacrete clinical oulcomes, The biomerkers are PSA, TPS, WRK2, VCAM-1,
Endothelin-1, and 6-keto-PGF-1-u. Using these biomarkers and the corresponding historical data on
the progression of prostate cancer treatments with, puti-angiogenic drugs a5 well as data from other
subjects in the clinieal trial, a cluster anafysis is performed. Bach discrete clinienl outcome is
nasigned 1o a centroid of one of the elusters.

§00:245) Before the subject is treated with the drug, the subject i assigned a position in the
probability space based upori the subject’s data from the relevant biomarkers. The probability of the
subject belonging any of the discrete clinical outcome classes Is detenmined using the Mahalanobis
distanoe, from which a probability is ealoulated using a Bayesian estimation. The result of this
ealenlation returns the four probabilitiss corresponding to the four clinieal owteomes of the example.
The position of the subject is determined by plotiing the four probabiiities in the probability space.
[00246] The probability space corresponding to four clinical outcomes is graphically displayed as a
square in two dinsensions. The user of the medel, in this example, medical personnel, cstablishes
rules for the medical condition of the subject based the subject data’s position and/or trajectory in
the probability space. Bach discrete clinical outcome hes a line representing the rule established by
the medical personszel, as shown by the dushed Hnes in Fig, 16 . When the subject erosses the dotted
Ling lowards the CR or PR conditions, tha subject is substantially free of ADR and has fisproved
hig/her progrosts,

108247 In Fig. 16 , the trajectories of two different subjects are plotfed. Subject I bas o trjectory
that starts in the middie of the probability space and then heads towards the ADR condition. In (hie
example, (he medical persanne] may notics the frajeciory’s speed or noceleration and intervene in
the treatosent, When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
alarm is activated. The medical persommel seact accordingly.

108248 Subject 2 has a trajectory that heads towarda the NR condition, The dose of the anti-
angiogenic drug treatment is adjusted correspomding to the rules established by the medical
personnel. After the sdiustment of the dose, the trajectory heading changes towards the PR
condition. The example ilustrates o method and embodiment of the invention for monitoring a

chatoal trial,

EXAMPLE )
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[60249] Sepsis and Auti-ENF treatment

[00250] Subjects with confirmed or suspected gepsis or systemic inflammatory response syndrome
(SRS are treated with an anti-TNF therapeutio during a Phase Hb (doge adjustment aflowed) or o
Phase HI (no dose adjustment allowed) clinical trial. The subject is monitored over a ourse of time
during the clinical study. The method of action of the anii-TNF drug is anti-inflammatory. The drug
is aimed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNF
diug is given in conjunction with a broad spectrsen antibiotic.

[251] After the method of action is deterrmined, discrete chinical oueomes are chosen by a
physician, The discrete olinical cutcomes chosen in this example are response (R), non-respouse
(NMR), and four sequellae (disseminated infravascular coagulation {DICY), acute respiratory distress
syodrome (ARDS), aeute liver failure (ALT), and acute renal failure (ARF))

[882521 Twenly biomarkers represestative of the medical condition of the subject with confirmed or
suspected sepsis are chosen to defive the discrete clinical culcomes. In this example, the biomarkers
fall into multiple categorics to mouaitor the different disorete clinical puteomes as defined by the
physician. Lipoprotein Binding Protein (LBP) biowoarkers mweasure infections growth and the R snd
MR conditions. The LBP biomarkers are LBP, TNF, CRP, IL.-6, and IL-8. Biomarkers that are
relevant to the BIC condition are von Willebrand’s factos, Protein C, thrombia, procaleitonin,
neepterin, and PAL-1. The biomarkers of the ARDS condition are von Willcbrand’s factor, IL-6, IL~
8, IL-1, and TNF, The biomarkers of the ALF condition are ALT, AST, GGT, LD, Alkaline
phophatase, bilivubin, and Protein C. The biomatkers of the ARF condition are Creatinine and
Cystin C,

{60253 Using the biowarkers deseribed i this example acd the comresponding historieal data on the
progression of sepsis and the Leeabnent of sepsis with anti-TNF therapeulica as weki a3 data from
oiher subjects in the clinical trial, a cluster anslysis is performed. Bach diserete clinical outcome is
assigned to a centxoid of one of the clusters.

[06254] Befose the subject is treated with the drug, the subject i assighed a position i {he
probahility space based upoun the subject’s data from the twenty biomarkers, The probability of the
subject belonging to any of the discrete clinical ouicome classes is determined using the
Mahalanobis distance, from which o probability is caleulated using a Bayosian esihnaiio:}. The result
of this calculation refurns six probabilities corresponding to the six clinical owtcomes of the
example. The position of the subject is determined by plolting the six probabilities in the probability
aprace,

{00255) The probability space cotresponding to the six discrele clinical owteomes is graphienily
dispiayed as a hexagon in twe dirnensions, The physician establishes rules tracking non-responsive

subjects and possible advent of sequellae. The rules are plotied on the hexagonal graph as lines as

3§~



10

26

30

33

fliusteated in Fig. 17. The medical condition of the subject is based the subject data’s position and/or
trajectory in the probability space.

108256} In Fig. 17, the trajectories of two different subjects are plotied. Subject 1 has a trajectory
that starts with a high probability of being a member of the DIC condition. However, as the
subsequent time points are taken, the subject trajectory moves away fiotg the DIC condition and
towards the NR condition, When the physician notices the trajectory’s speed and heading, at T = 6,
he raizen the dogse, ALT =9, the subject’s pusition is the probability space has a high probability of
being purt of the I condition. The physician sssesses the medieal condition of the subject at auy
point in time along the subject’s irajectory.

100257} Subject 2 has = trajectory that beging in the middic of the probability space and heads
sowards the NR. condition at T = I, Howover, at T = 2, the subject’s position and rajectory are in
violation of the rule established by the physician and an alarmo is sounded. The alanm alests the
physician that the subject has a high probability of suffering from onc of the dangerons clinicsl

outeomes of sepsis,

EXAMYLI3
[08259] Diabetes sud Insulin Sensitization
108259] Subjects with non-esulin-dependent Type 2 dinbetes are treated with s commercially
available insulin sensitizer and are monitored for efficaey and safety whersin the primary ADR of
concern ig congestive heart failare (CHE). The subject is monltored over a cowse of time during the
clinical study. The methed of actior: of the insulin sensitizer luvolves re-establistiing insulin
sengilivity In the subject via antagonism of a nuclear receptor in the adipose tissuc and the Hver, The
ingulin sensitizer and mathod of sction act to increase glucose uptake in the poripheral tissues and
thus reduce the circulating glycemis,
892601 A subject and a physician choose the best set of discrete efinical outcomes and niles for ihe
subject based on personal information, The discrete clinieal outcomes ave response (R), nos-
response (NR}, and adverse drug reaction (ADR), The ADR is congestive heurt [atlare.
H30261] After the three clinical ontcomes arve chosen, biomarkers most representative of the medical
condition of the suliect ave determined by diseriniinnat auatysis. The blomarkers reprosentative of
efficacy of the insulin sensitivity treatment are glucose, insulin, adiponectin, and resistin, The ADR
of congestive heart faifuse identifies the representative bivmarkers as Brain netrinrctic peptide
(BNPY, amino-terminal-pro-BNP (M-BNFP), atrizl uatrivretic factor (ANE), IL-1, Troposin-C,
Cardiac fatty acid binding protein, Myesin light chain-1, Myoglobin, MMP-2. Using these
biomarkers and the corresponding kistorical data on the type 2 diabetes, a cluster analysis is

pecformed. Ench discrete clinieal ovtcome is assigned Lo a cenlroid of one of the clusters.
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{06262} Before the subject is treated with an ipsulin sensitizer, the subject i assigned a position in
the probability space based upon the subject’s data from the relevaut biomarkers. The probability of
the auhject belonging suy of the discrete clinical outcome classes is determined using the
Mahalanobie distance, from which a probability is caloulated using a Bayesian estimation. The reslt
of thig caleulation returns three probabilities corresponding to the three clinical outcomes of the
example. The position of the subjoct is determined by plotiing the three probabilities in the
probability apace.

{00263] The probability space corresponding to three clinical outeomes is graphicnlly displayed as a
trisngle in two dimensions. The physician snd subject estabiish rules most important to the
individual diahetic subject. The rules are to track the NI and ADR congitions. When the probability
of beonging 1o the ADR condition class incteases beyond a boundary defined by the raie, an alari
is triggered. The dose is increased according to a rule when the subject has a high probability of
being a NH.

[00264} In Fig, 8, the trajectories of two different subjects are ploited. Subject | has a trajectory
that starts in the middle of the probabitity spuce and thes heads towards the ADR condifion. In this
exampie, the subject may notice the trajectory’s speed or aceelerntion and ask the physicisn if a
chapge in treatment is necessary. When Subject 1's trajectory crosses the doetted line towards the
ADI condition, an alarm is thiggered. The subject may react by going to the hospital.

[60265] Subject 2 has a brajectory that heads fowards the NR condition. The dose of the insulin
sensitizer is adjusted corresponding to the rules established by the physician and the subject. After
the adjustment of the dose, the trajectory heading changes towards the R condition. The example
iHustrates & method of the invention for monitoring a diabetic subject 1aking a commereial nsulin

sensitizer and, will the help of o physician, menitoring the subject’s own condition at home.

ESAMPLE 4
[00266] Graphical Represantation of the Cilideal Guinonie of a Subject
{60267 The example demonstrries a method for comununieation of the results from the
mathematical model to a user, The method is 1o plot & series of points and veclors i 2 space
bounded by a polygon. The verlices of the polygon represent the centroids of clusters of discrete
¢linical outcomes. The position of the poinls represents the probability thel the subject data belongs
to cach centresd, The probability of the point belonging te the diserete clinicel oufeome is inversely
proporiional to the distance of that point from the vertes. Since the vertices yepresent alf the
significant olinical outcomes, the sum of the probabitities for a given point must be 1,
JH0268] A set of vecfors is created where each value of a vector represents the probability of

membarship in esch of the elusters. The modulus Guagnitude} of the values is the probability and the



argument (angle} of the vector poinly o & vertex, whicl are equally spaced. ‘The veclors are summed

and the resulting point is Jocated in the composite probability space,

Table 1
Digerete Clinfcal outcome
Time Point R NR ADRI ADR2 ADRY
i 20 20 20 20 20
2 25 10 25 20 20
3 20 10 20 20 20
4 40 10 Y 20 20
5 30 16 1¢ 10 26
6 &0 1 10 10 19
7 80 10 5 5 0
& 100 0 y 0 o

100269 For example, i Table 1, each row represeuts the position of one point, The colurnns,

lubseled at the top, represent the probability that the peint is a member of that cluster. So, i the st

row, the probability that the point is in cluster “R7 is 20%, that it is in the closter “NR” is also 20%,
k Y P

and 50 o1,

[H270] For the data in the table a graphical representation is ercated ag illustrated in Fig, 19. We see

that the surrounding pokygon has five vertices, cacl labeled as one of the cohumns in the tabular daln

above, The first point of the set, al the tail of the chain ol arrows, is at the center of the drawing,

indicaling thet the percentage probability that the point is in any of the clusters is the same as the

others. In this example, as the trajectory prows through Hime, the prabability of the subject data
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reaches a final poind that has 100 per cent chance of being iis eluster “R” aod wexo per cont chanoe of
baing elsewhere, Correspondingly, the final point is st the “R” vertex.

186271 Additiona information can be included in the cutput of the probability space, including the
points Tepresenting Lhe daia of the discrete clinical outoomes that defined the clusters and controids.

Fig. 20 lustzates a grephical representation of the clusier data pointa.

ERAMPLE 8
{00772 Drug development is an extremely rsky proposition. Gver the Jast decade, the failure rates
for clinical programs have heen identified as high 90% with an amortized cost of niearly one billion
dollars per approved drig. These fatlures are duc 1o any number of factors. These include, but are
ot limited to: a faulty hypothesis as fo a target’s role in the evolution and pathophysiology of the
disease; the testing of that hypothesis in an inappropriste, and non-predictive, animal model; a faulty
hypothesis regarding a compound’s MOA; insppropriate dosing sehesdules for individuals within
target subpopulations, including inappropriate pharmacokinetics/pharmecodynamics (PK/PD)
characteristics; and developing untoward physiological effects {for example, Adverse Drug
Renotions - ADRg) in some segments of the palient population and thus decreasing the thetapentic
index for the compound in that population.
[#9273] This example demonstrates using a Type 1 bivmarker for a compound within a particular
therapeatic arex (0! {a) vakidate the underlying hypothesis regarding the method of action for the test
compound; (b) identify, and then enrich, the appropriate responder subpoprlation in s confirmatory
ial; and (o) develop & tuly adaptiver dosing proftosol based on the individusl FKs and PDs of the
responder population.
2741 A reat-ime monitoring system i used identify the emergence of these characteristic
subpopulations earlier rather than later, to efficient]ly soanage and eontrol the clinical trial and aliows
the clinical research leam meke precize decisions regarding frinl management. On a paifent by
patient basis, it dynamically idemifies the compotmd’s effects i one particular trial subjoct, and
then physically titrating that patient’s dosing regimen 10 accotnmedate a raly adaptive “Learn and
Confirny” mmoded of drug development.
[00275} Longitudingd sampling of proleins is performed with each patient, wherein the proteing
represent both the pathophysiology of the disease and the method of sction of the eompound. A
standard cluster paatysis is applied at esch saraple tine poind in the longitudinal sampling space that
is consistent with (he evolutionary dynamics of the pathophysiclogy of (he disense, and the
purported method of action and PD of he test compound.
[00276} Identification of the dynamics of the emergence of separate subpopuiations within the trial

sampie poputation can be performed with two complementary clustering statistics: Cubie Cluslering
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Criterion (CCC) and the Pseudo-I which help the end-user establish the mumber of clusters
emerging within the geomelry as demonstrated in Fig. 21,

[00277] The end-user uses both the statistios highlighted sbove and a visual inspection of the cluster
seatter plots to malke the final determination a3 to how many distinet subpopulations exist in the
clinical study, Guiding this determination wiil be 2 fore-knowledge of the number of treatment
{eohorl) arme, and any fore-knowledge as to the charscter of 2 possible ADR. The methodology
wiil suggest a number of clusters to the end user, and will ther preseut each patient as to his/her
cluster assignment, The cluster assighment and the known assignment of a patient to 4 treatment
cohort or ADR oufcome are then used standard pssignment statisties to caiculate both the sensitivily
and specificity of the assignment sufe.

[002778} After determining that the clusters are reasonably specifio, the dynamic trajectories of the
centroids of each cluster are characterized, their scparation speed, and the distibution of speed and
directions of each patient in each cluster, If, for example, one cluster of patients is fairly
homogeneoua in that they were all exposed 1o the compound at & given dose, aud if the distribution
of distances, speeds, and directions, suggest that some may be slow responders, then the end uaer
may decide that those patients should receive a higher dose.

190279} Based on the assumptions developed hereln, #r sflico populations of virmal patients are
crested for each hypotheticnl putient subclass, A time dependent Monte Carlo sinmlation is 1an (o
identify the emergent clusters. Afler the simulation iz tun, & new set oFmean vectors and covariance
alructures is established and the simwiation studies sre repeated. The sensitivity and specificity of the
clustering asgignment rule for each dynamic is measured and graphically piot as a receiver operator
cutve, wherein the diagnosiic varizble will be the time at which (he clusters were sugpested.

{66280 Resulia of the emergent dynamdcs by Monte Carle simulation of the described methods
degcribed in tis example and results in the following emergent dynamics as shown in Fig. 21, Fig,
21 demenstrates a dynamic subpopulation emergence based on cluster analysis of a Monte Catlo
sitnutation of a lwo-cobort clinival design. At Time =4 (here is significant evidence for the
emergence of two clustors while by Time = 8 the bifarcation is complete and the senaitivity and
specificity of the method are both 100%. Fig. 22 demonstrates plots of the chaster calling statisties
versus the hypothetical number of clusters at Time = 4. Fig. 23 Hiustrates markers of clinical effeet

with the segregation of the marker space as a function of dose at the end point of a clinicsi study.

EXAMPLE 6
[06281] Edentification of type 1 Blomarkers indicative of periodic dasing regimes
[08282) Periodic desing, as a therapeutic strategy, is & muinstay for the treatment of many chronic
diseanes or conditions. Foremost among these are anti-cancer chemotherapy regimens and

reatments for autoimpmune digeases. Whether therapeatically or in the context of an adaptive
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elinieal tzial, the ability to both monifor and characterize efficacy and toxicity profiles foe 4
patticular dosing regimen i any given pationt provides the clinical professional Bnporiant
information regarding the ultimate efficacy of hisgler dosing strategy. The benefit of such a
feedback mechanism ig that the feedback is timely and represents the mechanism of astion and
clinteal itnpact of the compound. Tor exainple, in cancer chemotherapy, the feedback is provided by
immaging technologies that help quantify tumor burden, which it many cases is pot limely.

[002831 This example characterizes the periodicity of the molecular efficacy measures to identily
trencts and other measures of clinical relevance (for examyple, increasing refractory response) to
further aid in clinieal decision making. As demonstrated herein a real-time fecdback inonitoring
sysiem can account for the periodicity of the dosing regimen and characterizes arvy clinieally trends
in: the data,

[08284] The system can be a statistically valid and robust methodatogy which dynamically
characterizes the time-dependent profiles of molecular markers of drug activity in paviodically
treated patient subpopylations which ther uses that information: as a reai-time feedback monitor for
optimizing the therapeutic regimen.

[60:285] The protein profiles of a treated population act in accordance with the undeslying hypothesis
regarding 2 compound’s mechapism of action, they should, as 4 conglomerate pattern, reflect the
periodicity of the treatment regimen, and taken as a whole, set &s a Type | blomarker for compound
activity at the site of action. Additionally, if there is evidence that the periodic expression of these
profile proteins changes with time, the trend of that change affows a clindcian to adjust the dosing
regimnen for example in frequency and/or dosage to individualize the therupy.

IB0286] Applying a time series-based statisticel methodology to the longitudingl (within an
individual patient} proiein profiles systematically accounts for the periedicity of a given dosing
regimen witlin an individual patient and using that information to identify and characterize the
emergenes of any ¢hinically relevant trends in the response. This knowledge can (hen be used to
both monitor a therapeutic reginen in an individun] patient and to design and mavage the dynamics
of an adaptive clipical tdal.

[04287] By developing 2 valid longitudinal Type 1 biomatker for a compomnd’s activity in the
sontext of a periodic dosing regimen will: (a) validate the underlying hypothesis reganding ihe
mathod of sction for the fest compound; (b} identify potentially relevani clivical conditions
comprising: growing refractosiness to the compound, target response to the regimon, and (hen adjust,
as appropriale, The frequency or dosages of the treatment tself; and {e) develop an adaptive dosing
protocol based on the individual PDs of the responder population.

100288} Using real-time monitoring and feedback to identify the esmergence of these charactm:siic.
dynamics aids the clinician to make more precise decisions regarding patient treatment and/or trial

manageneent,
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[G0D289] A statistical Time Series analysis is used to characlerize the periodicity or seaponalily of
marker proteing in 5 patient subjecied to periodic treatments similar to those employed in cancer
chemetherspy, weekly methotrextate injections. The system acjuats for the seasonality of the data
train as shown in Fig. 24 and de-trends the rosponscs as necessary, a one or two lag differencing
seheme as applied to Awtoregressive Integrated moving Average {ARIMA) Medels, to charactorize
the actun] response profite of the patient to the therapy stream. Fig. 24 dermomstiates patient data
showing the seasonality of two type | biomarkers over time. If two or more proteins raarkers are
identified as markers, any temporal relationships betweea them {for example without Jimitation, the
tevels of drug in the blood and/or clinical readout) can be identified and characterized using
Distributed Lags analysis m the same maodeling context. Each avalysis depends on explicit
characterization of the time-time correlations obzerved in the time series, the Avtocorzelation
Function (ACF) and its related Partial Auntocerrelation Punction (PACF)). Each of these functions
cen be represented as a vector of correlations which are functionally dependent on the lag between
messures. The functions can be used o identify Jinear trends in the dala, periodicity in the datn, and
nenlinesr curvatuse dynamics in the data. The fonctions thermselves can be visualized for inspection
using histograms called cosrelograms. Once the data is de-trended and the perfodicity accounted for,
the individual spikes in the marker profiles are analyzed to see 1E the componnd iz working as
expocted.

[00290] The first step involved in developing this methodology is identifying those proteina that best
represent both the pathophysiology of the disease and the purported method of action of the
compound. Onee established, thess proteing ars sampled longitadinally in esch patient.

(09291} Based upun the expecied sessonality of the treatment regimen and the frequency of the
therapeutic dosages, en appropriate sampling frequency is sstablished to snsure that the suspeeted
perodic expression of the marker protcins will be captured in the sample data sets.

[09292] The system antomatically generates and inspects difference time serivs with 0, 1, or two Iag
differences comprising ARIMA (8,0,0), ARIMA (0,1,0), and ARIMA. (0,2,0) models and compares
them te the best fit through Root Mean Square Enor, thus appropristely detrending the data to
make the series stationary. Once a stationary serics has been established, the de-trending parameters
comprising the slope of a linear trend line is estimated Trom the data, and an ACEF and PACT for the
stalionary series is genemted.

0293 Any periodic expression patierns are idestified and characterized as the period of the peaks
and their subsequent mmplitudes. An example of this is shown in Fig. 25 demonstrating a lime series
of a biomarker value versus the time of chemotherapy delivery,

[60284} When roulliple tme series are invelved comprising two or more protein markers and/or
levels of compounds in the blood, a distributed lags analysis is performed to identify awd

characterize the correlations between the series and their Iags. The methodology identifies the
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dynamics of the emergence of protein marker wave trains and to relate these back to clinically
relevant events and/or the dosing schedule of the regimen.

100295} A Monte Carlo simulation of the methods deseribed above using four lime aeries were
generated using a stationary time series, a time series with Hoearly incressing slope, a time series
with exponentially decreasing affect to niimic patient-drug atterruation, and 2 stationary time series
with linesrly decreasing pealss, to model patient-drug adaptation or up-regulation of metabolic

pathways.

EXAMPLE 7
[00296] Tiine to Fever Spike and sepsis from thme series messurements of Levels of Circulsting
Pyrogens and ether biomarkers.
[08297] A patient with Acute Myeloid Leukemia {AML) undergoing in-patient chemotherapy was
monitored using the methods and systerss deseribed herein with. sampling of blood every four to
sight hours. The patient's tempetature was afso monitored frequently. 1L-6 elevation {> 1000-fold
hetween consecidive measurements) was found at time designated zero in Table 2 and a significant
declinz >30 % between congecutive measurements 14 hours later. Fever was first noted eight hours

later. The methods herein would have aricipated the subsequent recognition of sepsis by § hours.

Table 2
Time, hovrs Ivent
04 Fiisy elevation of JL-6
34 Firal fever
14.3 Significant decline in profein-C
22.3 Septic shock
.2 Patient admitted to 1CU

08298} The systemn identifies the refationship between the time (e & fever spike during aggressive
chemotherapy of leukemia resulting in fever and dromatically chaoged levels of cirendating pyrogens
(Protein-C, IL-6, - beta, TNF-alpha, IL-10}. This is performed by employing standard statistical
modeling methodologies. Fhe system can be generalizesd to other situations whers sepsis geeurs. It
can also be employed for pther situations where significnnt disease processes and outcome of
therapy can be beneficially projected.

{09299} Science and engineering often involve using ensy-to-neasure variables, called factors or
independent varlable factors to explain or predict the bebiavior of other variables, called responses.
When the factors are few in nimnher, vot significently redundant {(non-collinent), and have a well-

defined, functional relationship (o the responses, one canuse nnaltiple linear regression to

rs



15

20

25

3G

i5

characterize that relationship. However, if any of these threo pre-conditions should faif, multiple
tinear regression may prove to be inefficient or statistically inappropriate. In that case, one may
employ an aflernntive model building strnlegy termed Partial Least Squares Regression. This
meshodology is particulardy useful when there are many factors that might be highly co-linear, and
when the relationship between independent variable fastors and dependent variable response is ill-
defined, The abm of this fype of analysis is to construct a good predictive model.

106308] Anticipsting the time to a Fever Spike based on statistical models using levels of several
circulating pyrogens. Fig. 26 demonstrates the rlationship between pramsters computed from
circulating pyrogen levels measured over time and/or and the time-to-spike (also {abeled Lead
Time). The mate of change and shape of the parameters over time is detenmined by the incidence,
time of tnfection, extent of infection, numbers of organisms, vimlence of the organisms, and the
condition and genetic make-up of the pationt. The activation threshold ie the point at which fhe
hady physiclogy begins to generate a fover spike. The detection threshold is & pammeter level at
which some therapesttic inferverstion is indicated. The system determines the refationship between
the pyrogen levels and the dependont variable in the model, Leadl Tine, enabling prediction of fever
apike ca.r].y enough to intervene with bencficial outcome.

{00361) This method and data provides cuables anticipation of the time paticnts are most likely to
experience  fever spike. The physician can then preempt and/or ametiorste the onset of the fever
event, for examgple by providing propbylactic astibictic therapy.

{09302} The treatment of patients with Acute Myelogenous Leukeria (AMI) is used ag an
cremplary case, Such patients are often treated with 4 course of induction chemotherapy {fn-patient
clhemotherapy typically using more than one drug and intended to climinate il cancer cells}. An
undesired side-effect of the induction chiemotherapy is usually febrile neviropenia, This oveurs
hecange infectious microorganisms can invade the patient dus to the inactivation of active inznunity
by tie chemotherapy, The definition of febrite neutropenia is the fever spike, a clinician defined
stale in which the patient’s temperature measured greater than 39 deprees Colsius or in a six hour
period two conseculive patient lemperatures measured greater (han 38.5 degrees Celsius.

[94303] Pever, as a dofense mechanism, results from the effects exerted on the hypothalanius by
circilating oytokines, called pyrogens. These oytokines emerge from the imonue system doring an
infamroatory response. The best known of these ave I1-6, 3.1 beta, and TNF.alpha, The purpose
of this example is 1o identify a paltern of oirculating pyrogens Jeading up to a fever spike, and, from
them, build & model that best anticipates the thine-to-spike.

[09304] The methods developed in the studics may be generalized to generate a monitoring means in
other high-risk disease states and therapentic procedures.

[6305] The system builds a siatistical model chamoterizing the relationship betwesn the time-to-

spike and the cireulating levels for two particular pyrogens, [L-6 and 15.-1 beta. The system, while

-47-
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independent of measurement means, requires frequent sampling in the period priorto the fever spike
{anywhere {rom 3 to 6 measures per day).

[60306] The fixst step favolved in developing the methodology requires one characterizalion of fover
in well defined categories and to identify, as closely as possible, the lime of the first fever event.
‘The definition chosen was that either the patient’s tempsrature measures greater than 39 degrees
Celstus or in a six bour period os two conseentive tomperatures are recorded greater than 38.5
degrees Celsiug.

{00307} Individual patient data for the cireulating Jevels of IL-6, 11-1 beta, and TNF-olpha and other
biomarkers were recorded in a detabase, baged on the sampling interval. The samples in the study (3
measures per day at §-hour increments} were subjected to post hoe analysis, and used to populate the
modek.

1003581 These markess were selected based upon a mumber of current studies which show that
patients with Sepsis Syndrome have elevated levels of circulating IL-I beta, IL-6, and 'TNF-alpha
when compared with critically i3 patients without sepsis and nornal controls (Casey, L. Annals of
Tntetnal Medicine (1993) 119;8:771-778).

106309} IL-6 predominately regulates the syxthesis of CRE made by the hepatocytes (Hver) in the
acute phase response. Transcription of CRP is also regnlated somnewhat by TNE and IL-1. CRP iza
pentrazin protein which binds to phosphocholing on bacterial cell walls, endogenous cell
membranes, and apoptotic badies. Inflanmation caused by infeation/ sepsis, inflammatory wod
nutoiminune disorders, traumnatic infury, sud some malignancies, CRF i3 scen in increased amounts
making it a usefil Momarker in monitoving sepsis and infention. CRP production is not afizcted by
neutropenia, Thers is an sbundance of lilerature which focuses on CRP Jevels during newtropenic
fevet and dn dingnosing the severily of febrle incidences.

[06316] Protein C is anti-coagulant profein that in synthesized in the liver. It plays an knportant role
in maintaining coagulation homeostasis. Protein C is activated by thrombin into an active protein
which along with protein % and phospholipid as cofactors, it cleaves coagulation factors VI and V
thus inhibiting coagulation. Recently, Protein C's anti-inflammatory responses have been
discovered.

[00311] Patients with sepsiz and septic shock have Protein C depletion which may have a rofe in the
pathaphysiology of sepsis. Improvement was seen in & specific subgroup of patients by
coutderacting Protein € depletion by the addifion of setivated Protein C. ProteinC can beused as a
biomarker in the diagnosis of sepsis in palients and ag a thetapeutic agent. One study found that
concentrations of Protein ¢ are proportionate with severily of neufropenic sepsia at fever onset,
[60312] Ten adult leukemia paticnts receiviog chemotherapy were enrolled. Blood smmples were

iaken every 8 hours prior {o the onset of the fever spike and then every 6 hours until the end of the
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observation periodl. Diomatker analysis was performed on these samples. Patlent sampling of 8
hours prior io fover spike and 6 hours afler fever spike observed,

[4313] A Partial Lenst Squares model was constructed based on the pre-spike (36 hour window)
measures for IL-6, IL1-beta, snd THF-alphn and their sample-to-sample fold changes, Given the
data set derived from this study, a mndnael sarnpling period of 8 hours and & minimal window of 36
hours pre-spile is sufficient 1o derive as anticipative model of the time to apike.

100314) Quantitative Riomarker concentration data was dedved using well known ELISA
imnnminoassay known to measure JL-6, 1L1-beta, and TNF-alpha. Concentrations measured in
pe/ml, and sample-to-sample fold chenges in concentration were recorded and analyzed ag follows.
[90315] The conceniration data were first visually inspected for Gaussian normality. Because they
were log nomnally distributed the data was transformed by caleulating the log of the raw data
measares. Based on these measuzes, an initial Partial Least Squares regression model was built that
inchuded all three pyrogens and their fold changes from su;niﬂa to sample. This model characterized
the amount of variation accounted for in the covariance structures of the dependent vestors (times-
to-spike) and the independent vectors (pyrogen levels). In this data sef there were more independent
variables then degrees of freedom. To address the probiem, standard statistieat modet building tools
tike {op-down elimination aud botlom-up addition were employed.

{0631.6] The full wodel (-6, TNF-alpha, and IL-1beta, apd their sample o sample changes)
accousated for the percentage of the variation in the whole medel covariance structare and the
perceniage of the variance in the dependent varizbie (time-to-spike). Using feature selection
processes comprisiog and sof Hmited to boltom up meded hididing and top down model building, &
geries of seven sub-rodels were developed.

[00317] The chosen madel inclaled log(L-6Y, lop(f.~1 beta), log(ssmplo-te-sample fold change I~
6), log{I' NF-alpha}, end accounied for 93% of the totel model cavariance and 27.5% of the variance
in the dependent variable (time-to-spike).

[#0318} The model is given by a standard mulliple linear regression equation with (he following
pazumeter sel: ittencept = 36.5; log(fL-6) = -8.0%; log(IL-6 fold change) = 2.4; log(IL-1 beta) = -G.3;
and log{ INF-alpba} = 4.4, Bach measure is a point-in-time measure af the observed time-lo-spike.
For exampin, 24 hours prior to the fever spike, the log of the concentrations of 1L-6, H.-1 beta, and
their sarople-to-sarnpie fold changes from the 30 howr time point aze addad to the moded using fifled
paramcless, meaning the coefficients of the linear model,

100319} The Gnal medel was selected from the seven total sub-models because it accounted for the
highest Ievel of the pereentage of variance in the dependent vector, The final mode! included log(1-
&), log(L-1 beta), and the logs of their sanpledo-sample Told changes as antivipators of time-to-
spike. The size of the anticipative window of 36 howrs was selected by clinical relevance but is not

limited to that anticipative window. The selected model equation is ag follows:
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Time-to-spike=36.6-8*log(L0)+2.4* Loglil -6 fold change}-0.3*Log{{L~1
beta 4.4 Log(TINE alphn)
{0320] The results of the 19 patients werc evaluated in this example fov their biomarker paterns in
the 36 hours prior to fever spikes. The data for each of the pyrogens and their sample-10-sampie fold
clizmges sre in Figs, 27-32. Fig. 27 is the IL-1 befa concentration versus time point number. Fig. 28
is the sampie-to-sample fold change for T1.] -beta versus time point mumber. Fig. 29 is the IL-6
concentration veraus time point nusber, wherein patient 4 becarne septic. Fig. 30 is the sample-to-
sample fold change for TL-6 versus time point aumber, whereln patient 4 became septic. Fig. 31 is
the TNF-alpha concentration versus time point number. Fig. 32 is the sample-to-sample fold change
for TNF-alpha versus time point mumber.
{80321} The model anticipated the time-to-spike in all patienis and expiained the percentage of the
variance vbserved in the dependent variable, Patient 6 had ATRA syndrome and thus is outside the
patient population used to construct the model,
[80323] The residual plot for patfent § s given in Fig. 33. Patient 5 bas a fever spike and no
decressing markers. Temperature in degrees C {right scale) biomarker conventrations given in
peml, wherein FL-6 is a 10-fold incrense, not necessarily indicating sepsis, An analysis of the
residuals suggest that the model anticipations for the period between 12 and 24 howts prior to the
fever spike are non-systematic, weaning randomly disitibuted about the zero-axis and the size of the
regidual 35 o more than the percentege of the anticipaied Hine-to-spike, which is anticipated by the
miode] using the equation 1.
003131 Y¥or patient 4, the model anticipates » me-to-spike of 3.3 hours when the actual time-to-
spike was 7 hours, and, ot the other extreme, anticipates a time-to-spike of 31.9 hours when the
actnal {ime-to-spike was actually 34 hours as demoenstrated in Fig, 34, Patient 4 data poinly showing
docreasing Protein-C with increasing IL-6 just prior to fever spike. Normalized prrameter is the
ratio of the {parameter value at time tminug the lowest value in the range) to the difference between
the maximum and minimum value of ihe parnmeler, A residual snalysis for Patient 4 yields an
excellont Jit to the data measured in palient 4, meaning the residisly are randomly distributed about
the zero axis, and no resitiual is greater than 20% of the anticipated time-to-spike, as derived from
oquation 1.
{60324} In conclusion of this example, induction cancer chemotherapy is only one of the underlying
eticlogies of sepsis. Others include, but are not limited to, severe burm and thermal injury or
trauenatic injury. Tn bhan and traumatic injury, the patient expresses an alieration in the imuomine
system resulting in a predeminance of the T Helper-2 Lymiphocyle phenotype, where the phenotype
of the helper ozl population switches from Th1 to ThZ. This is tetmed the Thl-to-Th2 switel) and
roakes the patient moere susceptible to the onset of infection. Fig, 35 is a schematic of the Thi-te-

Th switch and the cytokines representing each phenotype. Once ibe patient becomes infected, if
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the underiying pachogen is identified, the rate and spread of infection can result in a systemic
inflemmatory response which is called sepsis. ¥ the pathogen is unidentilied, the inflannnatory
reaponse is termed Systenzic Inllammatory Response Syndrome (SIRS). Thus, the uoderdying
etiology of progression to sepsis can be captured as a provess divided into three physiclogicaily
distinet intervals: Susceplibility to Infection, which is represented by the Thi-Th2 switch,
progression through infection, and the onset and progression of sepsis/SHS. The markers relevant o
the monitoring of each stage are shown in Table 3.

Table 3

Sepsis Onset and 1. Sepsis Onsel
Sequellag a. Protein 7
b. IL-1beta”
o 18"

d. Procatcitonin

e, i-10

a. Von Willebrand Factor

v. Procalcitonin

¢. Maoptarin
d. ThF-a
8. Protein C
f. PAF1

g. (ProfThrombin
il ARF {Acute Renal Faliura)
a. Crealinine
b, CystinC
V. ARDS
a. Von Wiilebrand Factor

b. K-8
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d. -1
a. ll-tra {IL-1 recepior agonist)
f. TNF
V. ALF (Acute Liver Fallurs)
8 ALT

b, AST

d. LDH
@. Alkaline phosphatase

f. Protein C

. Cylokerin-18 ragments

(0325 Fig, 36 and Tig. 37 demonistrate that the systein uses an equation that is anticipative of
sepsis using e Squared Maholasobis distence equation and Bayesian Probability. The Squared
Mahalanolis Distance is:

Dfx) = (- 33 T-1pg) where j=1,2, 3
and the Bayesian probability is:

Pr(ifx) = exp(-0.507" ()} Taxp(0.5D(x))
wherein i iz the mean vector representing the centroid of the patiem population and j is the three
different outcames (sepais, fever, Infection).
(0326} Fig, 28 iliugtrates a graph in time of a plurality of marker proleins for a patient in a sepsis
ital. The time of the onget to sepsis for this putient is marked and all patterns fouding up o that
point are relevant to the detemination that this patient became septic,
{3271 Fig, 39 illusteates a bivariate time course of two particular markers (protein C and C-
reactive protein} in the same patient, The change In direction in the center of the graply represends s
mapid onset of disense. In iz exmnple, o patient rapidly detortorated and was illustrafed ag septic in
a very particuiar region of the bivasiate space. In this example, the sampling intorvale are fairdy
repular; therefore the length of each line segment represents the rate of change of the biomarkers in

this particular space.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for characterizing a clinical or medical condition of a subject, comprising:

a. obtaining a first set of subject data from a sample obtained from said subject, said subject
data comprising at least one biological marker from the subject;

b. determining the probability of a medical condition of the subject using the first set of
subject data by constructing a probability space defined by a plurality of discrete clinical outcomes,
wherein each discrete clinical outcome of said plurality is characterized by a statistical distribution of
a set of markers, comprising at least one biological marker, and wherein said probability space is
reflective of a medical condition, medical procedure, therapy, clinical trial, drug discovery, or drug
development;

c. selecting a second set of subject data from the probability of the medical condition;

d. obtaining the second set of subject data from a sampie obtained from the subject, thereby
characterizing the clinical or medical condition of the subject; and

e. calculating a trajectory in said probability space based on said first set of subject data and
said second set of subject data, said trajectory in said probability space being calculated based on
positions of said subject data within each statistical distribution of said set of markers charactetizing
each of said discrete clinical outcomes, wherein said trajectory is indicative of the likelihood of

progression of the medical condition of said subject.

2. The method of claim 1 for characterizing a clinical or medical condition of a subject, said

clinical or medical condition comprising periodicity, the method further comprising:

a. identifying a set of biomarkers for a clinically relevant condition;

b. obtaining longitudinal subject data corresponding to at least one biomarker in said set to
obtain a trend of the subject data;

¢. analyzing said trend to identify periodic changes in the at least one biomarker;

d. measuring values of peak measurements of the periodic changes of the trend; and

e. characterizing the values of the peaks thereby characterizing the periodicity of the clinically

relevant condition.
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3. The method of claim 2, wherein the analyzing step comprises developing an ARIMA model

to determine a differencing lag in the underlying model.

4. The method of claim 3, wherein the differencing lag is used to de-trend the trend and establish

a stationary trend.

5. The method of claim 2, wherein the analyzing step comprises calculating an autocorrelation

function.

6. The method of claim 5, wherein the measuring step comprises identifying the statistically

significant peaks in the autocorreiation function.

7. The method of claim 2, wherein the analyzing step comprises calculating spectral density.

8. The method of claim 7, wherein the calculating spectral density is performed using a Fast

Fourier Transform.

9. The method of ¢laim 2, wherein the measuring step comprises identifying the power spectrum

of the maximum spectral density frequency.

10. The method of claim 1 for characterizing a chnical or medical condition of a subject, further
comprising monitoring subject response to therapy, the method further comprising:

a. obtaining longitudinal subject data corresponding to at least one biomarker in a set of
biomarkers for a chinically relevant condition to obtain a trend of the subject data, wherein the subject
data is obtained from a subject receiving a therapy;

b. monitoring periodicity of the trend; and

c. corresponding the periodicity to a response to the therapy received by the subject.

11. The method of claim 10, wherein the therapy is a periodic dosing regimen.

12. The method of claim 10, wherein the response to the therapy is characterized by a time-

dependent behavior of peak levels of the trend.

13. The method of claim 12, wherein the time-dependent behavior is substantially constant.

14. The method of claim 12, wherein the time-dependent behavior is changing linearly.

15. The method of claim 12, wherein the time-dependent behavior is changing exponentially.
54



