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 hinearly. In vet other instances, the time-dependent behavior is changing exponentially.
10025] 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 swrogate 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 distinct clusters in a statistical manner; obtaining patient
information from the group of patients to classify the patients in clinically relevant sabpopulations;
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 refevant
subpopulations. In some instances, the group of patients exposed to the therapeutic agent are
participants in a chinical 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 distinet clusters. In
vet other instances, the measuring the distance step comprises measuring a Fuclidean distance
measure between the distinet 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
{60271 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 iilustrative 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 illustrates a method of graphically representing a trajectory of subject datnin a
probability space in two dimensions and the position of the data for defining diserete clinical
oulcomes.

[0648] Fig. 21 demonsirates a dynainic subpopulation emergence baged on cluster analysis ol a
Monte Carlo sinmlation of s two-cobort clinical design.

[0049] Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetival namber of
clusters.

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

[0U51] Fig. 24 demonstrates patient data showing the seasounality of two type 1 hiomarkers over
tine,

[9852] Tig 25 demonstrates & time seriss of a biomarker value versus the lime of ehemnotherapy
delivery.

[6883] Fig. 26 demonsirates the relationship betweesn pammeters computed from cirenlating
pyrogen levels measured over time andfor and the time-to-spike.

[0054] Fig. 27 is the I1-1 bela concentration versus time point sumber,

{9055] Fig. 28 is the sample-to-sample {oid change for L1 -betn versus time point number,
10056] Fig. 29 is the IL-6 concentration versus time point rumber, wherein patient 4 became septic.
[0057] Fig 30 is the sampleto-sample fold change for IL-6 versus time point nwmber, wherein
pafient 4 became septic.

[6058] Fig, 31 is the TNF-nlpha concentration versus tine poiot number.

{6059 Fig. 32 is the sampie-to-sample fold change for Thl-alpha vessus time point aumber.
{0068] Fig. 33 illustrates the residual plot for Patient 5 whe has a fever spike and no decreasing
markers.

8061} Fig. 34 desmonstrates Psticnt 4 data points showing decreasing Protein- with increasing I1L-
6 just prior to fover spike,

10062] Fig. 33 is a schematic of the Thi-to-Th2 switch and the cylokines represcniing eacl
phenctype.

[0863) Fig. 36 snd Fig. 37 demonstrate thal the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distanee equation and Bayesion Probability.

{0464} Fig. 38 illustrates a graph i time of a phwality of marker protelns for a patient in a sepsis
trial.

[0865) TFig. 39 Hiustrales a bivariste thne course of two particular markers (protein C and C-

reactive proteir) in the same patient,
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DETAILED DESCRIFTION OF THE INVENTION
[0866] Inone embodiment, a method is provided herein for characterizing the probability of a
clinical outcome of a subject. The method comprises the steps of (a) conshiucting a probability space
defined by a set of discrete clinical outcomes, each of which is characierized by a statistieal
distribution of at least cve biological markes; {b) obtaining subjeet data corresponding to the at fcast
one biologieal marker; and (o) salculating the position of said subject dats in said probability space,
therehy characterizing the probebility of the clinfeal ovtoome of gaid subject,
[0467] In practiving the methods herein, one generally wtilizes 2 set of biological markers (also
referved to herein as Momnskers) relevaut to a given clinical outeome. In order to prove the
reliability and acouracy of a mathematical caleulation, biomarkers are selected based upon
rovitivarinte statistics from data pertaining to a olinicsl onicome, whether it baing, for oxample, a
disease or s medical procedure, It some embodiments, discriminant analysis is performed to
determine the most relevant bicmarkers petiaiuing to a pstticular medical clinieal outcome,
{068 In s nspeet, a method is provided herein of predicting the occarrence of & medical
condition that requires medical intervention, the method comprising: (8) measuring concentrations
of a fiyst set of biomarkess present in a subject aud measuring one or more physiological indicators
of said subject at a given frequency, wherein the first set of biomatkers are suspecied to be
predictive of the medical ponditiory; (b) based on the conceulrations measute in {a), generating from
the Girst set o subset of biomarkers that are more correlative with the eccurrenee of the medical
condition and/or a new frequency of measurcment of the biomarkers; and () measuring
cencertrations of the subset of (b) and/or following the new frequency nf reasurement of oue or
more biomarkers, thereby predicting he occurrence of the medical condition.
[1069] Pluralitivs of discrete clinical outeomes, somoetimes referved to as medical outcomes, for a
specific medical condition are plotted in o geometrical manner, A set of values of the biomarkers are
chosen that are the most tepresentative of each clinical outcome. Using the mathematical methods
deseribed berein, probabifities of clays assignineni to each discrete clinical vuicome can be assigned
to agy sot of values of observed biomarkers. A piobability space can then be constructed by plotting
the probability of auy set of values of observed biolegical markers witlin the geometsic spuce
defined by the plurality of diserete clinical outconaes.
78] Model butding
[0071] In some instances, mathematical modeling describes the dynamic state of & system. 1o some
instances, the models use & system of equations representing outcome parameters, biomatker and
drug concantrations and the like over tige, Such cquations might be simple enough to solve in
closed form, yielding an algoritkiic formula, However, in some instunces, medels of humsn

dinease can be too complex (o permil a simple closed form solution, In some instances, o solution as
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described herein can be projecting numerical solutions forward in time, also known as termed
predictive biosimulation.

[#072] The objective of cluster analysiz is to group obsarvations inio clusters such that each cluster
i3 a8 homogeneous s possible with respect to the clustering variables. Any conventional clustering
algorithm may be used to define the discrele set of clinital onteormes based upon the recognized
Biornarkers. Besides the Discriminent Function Analysis, there are many such algorithms, such as
“Single Linkage,” “Conplete Linkage,” “K means,” "Ward's Method,” or the “Centroid Metbod.”
Additionally, one can identify clusters using “Decision Trees”. These algorithros are well-known to
snyone familiar with the art, and are avadlable i standard statistical packages such as SAS and
SPS8. The clustering algorithms group like ebjects together, and keep unlike chjects in separate
EIOUpPS.

[0073] Multivariate statistics to identify classes of similar subjects in a sample population can also
be applied for building an appropriate model, The technigues cuxrently emplayed include, but are
not limited to, Discriminant Function Analyais (DFA), Hierarchical Clustering Analysis, Factor
Analysis {in whicl an underlying model or relationship is assoraed), Self-Organizing Maps (SOMs),
Support Vector Machines (5VMs), and Newral Nets, Each is a pattern recognition 1echuology usiong
multivariale descriptor vectors, which subjects are classgnates, 10 more completely mapage an
adaptive clinical trial.

[74] Other 1echniques estimating the model prrameder space include several conventional
mothods, such ag the grophical methpd and gradient-besed noalinear optimization (Mendes and Kell,
1998}, 'The graphical method is typically applied to those problems that can be converted to linear
regression problems, and are generally aot amenable (o closed-loop lenrning as they reguise hnman
interveation at each step, The gradieni-based nenlinesr oplimization method does not have such a
restriction; however it does require information sbout the error function with respect to the
paratmnter estimates. As such i often converges o Joeal miinima. Evolutionury algorithms fneluding
genetic aigorithms, evolutionary programuning, genetie programming, and their viuianis {Back ef al.,
1997; McKay et ul., 1997; Edwards et al., 1998) have been applied to overcome these Hinjtations.
H75] In some instances, {o best accouind for the dynamics of a biological system, the equation
systems discussed above van be composed of ordinary differential equations which caleulate the rate
of change of a biological entity over a fixed time segment. That quantifieation is a tnction of the
state of the system at the instant of analysia, rad Irclodes terms for all other entities in the system
that soight affect that rate of change.

[8676] In many instances, as deseribed herein, biological ontities of intevest ave found in blood
comprising but not froited to clrenlating proteins, In the modeling space, the time rale of change of
each hiological entily is called the derivaiive snd is quantified ag the instantencous slope of the

hivdogical entity's concentration curve in the #me 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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[0484] The equations that best represent the above example in this biosimulation system are:
dr,/dt = [y Palt}
dPyfdt = -flay Palt) + Pa Pafl)
dpy/dt= @

{0985] In these exemplary equafions, the concenization of Protein 3 is constand aad the rate of
Protein 1 production is en incrensing fimction of the Protein 2 kevels, factored by fi2 >0, In addition,
the levels of Protein 2 are a function rate Protein 2 is cleared from the aystem, in ihis case,
proportionally by & factor fzy >0, and the effects of P3(t) on its production, described by » facior iy
>0 and is parameterized by the vector (B3, iz Py Any triplet vecior can be used in the general
case (o generate amy family of trajectories in time for Proteins I and 2. Protein 3 is now-varying in
this model since its dexivative remains zere, ‘

0086} Dy measuring Proteins L and 3 at each time point in a monitoring period, values for Py(1),
and 1Y), and estimates for dP/dt and (P5/dt are obtained. Paft) can then be solved and constrain the
solution set to 8 parameter veotor (B, B B ), which is defined by well defined algebraic
equations. Fstimates of both Po(t) and dPy/dt derive the state of the consfrabned system baged on
poiut estimates as decived from the samples. This allows for projecting forward in time where a
maodel trajectory will likely be #t the next sample point, and re-adjustment of the model parameters
as necessary m s dynamic feedback seif-comrecting system.

[0087] The selcomecting mechanisin and feedback system can be hmplemenied in a periodically
santpled measurement space, and that wodel refinenent and se-parameterization can take place af
cach sample interval. Afler each spplication of this sclf-correcting methodology, the space of
acceptable parameter vectors should begin to converge to & patieni speciiic vector that projects
forward in o predictive trajectory.

[OUBR] A systen: that dynamically characterizes patlent subpopulations based on the longiludinal
sampling of predictive protein profiles can use that information ag & Type 1 biomarker to verify to
the researcher scientist that the compound is acting on the target as expected. The mechanism of
action for thal compound cant also be researched for whethier it is acting as expected.
Characterization of the dynamic emergence of the subpopulations is based upon their behaviors and
{he protein profiles they exhibit,

[008%] In an example, one population is treated with the test compound while snother is an
wtreated contral, I the protein profiles of the freated population behave in accordapce with the

underlying hypothesis as it perains to the compound’s mechanism of action, the protein profiles
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will, as & conglomerate pattern, act as a Type [ biomarker. 1 individuals within that population
show considerable variance in botl the direction and velocity of the protein profile, adjustment of
the doses of the slower population members crn ocour and the triat pmm;::al can be changed
accordingly.

[4090] A variety of statistical analyses are applicable for building a probability space or model. Fig.
I illusteates an exemplary chameterizafion of similarity as measured by the Mahalanobis distance in
a two-dimensional {multivarinie) space. The citoome of a discriminant fonction soalysis is typically
a Mahz{anobis distance for every subject in the analysis data set. The trethods of performing the
discriminant analysis in this manoer or sionilar manners ave known to those skilled in the ad. In this
example, the data from two independent variables {for example, biomarkers) are plotted against each
other. Fach patient in the analysis sel is reprosented by a 'single point on the graph. The distance .
between each patient’s biomarker peir pattern and the centroid of the cluster of data ig calenlated as
the Mahalanobis distance and is represented by the eliipses in the Fig, 1, wherein the ceatroid can be
typicaily defined as the mean sector of all independent measures in the space ol interest, The
probability thet any pariicular patient belongs to & cluster depicted herein is inversely proportional to
the distance from the centrotd of the cluster, In this way the Mahalsnobis distance ellipse on the plot
inFig 1 is used a5 5 measure of similarity beiween the two sets of independent variables. This
method also accounts for nolse in the appropriate distance metric by assigning probabilities of class
assignment for a puticular patient based on the vardance abserved in the underlying clusiered data.
‘Thus this orethod can account for uncertainty in the probability space.

10091] 1o conveniional chustering, one typically works from a distance matrix, which lists the
simnilarity of every object to be clustered versus every other object. The proccss begins with the
creation of the distagce matrix as known to one skilled in the art. A triangular matrix of distances
emong all pairs of patients must be computed. Bach of the distances between subject data will bea
function of the measured biomarkers. The finction would take the form of & swm or weighted sum.
The distances for a given variable are, in turh, a st of distances between individual obgervations
for that variable. This sum also may be weighted. For example, each cluster of subjects potentially
represents s discrete clinical outconze.

{0642} The distance matrix metrio cen include caloulating a statistical ditference, such as the
Muhslanobis distance, Enclidean distance, and Manbattan distance. The malrix represents, ina
statistically rigarous way, the sinilasity of two mullivariale patterns in a muitidimensional space.
Bascd on these distanees, individuals are grouped together in a cluster,

093] Fig. 2 illustrates an exemphary clustering method of defining the discrete clindcal outcomes,
i thiz example, the controid method was used (o defermine multiple centroids of biomarker data
patierns. Each centroid etther defines or belongs to & different sed of discrete clinical outcomes based

upon measured biomarker information. In Fig. 2, examples of the classification of biomarker
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puiterns of r medical condition include a partial responder class, a non-responder ¢lass, a complete
responder class, and an adverse drug reaction cass, Every data point is related to a centroid of the
clags it falls within. The centrofd con be set to be the poinf most reprosentative of the class.

10094] After the distance matrix bas been constrocted and discrete clinieal ouleomes have been
definerd by & set of biomatkers, 8 probability space can be-constructed from multivariate
distributions {for example, clusters) by spplying a metrle fhat accounts for the varlance-covariance
structure of e dats, Based upon the measored distance, a probability for class asglgnment for any
observed biomarker pattern is catculated. The caloulated probability for eny obtained biomarker
pattern defines the probability space.

[8095] Where desired, a probability measurement is carried out by way of a Bayesina caleulation.
Other methods of saleulnting the probability for ciass assignment include, but are not limited to,
Melson-Aalen estimation, the ordinary least squares ostimation, the weighted least squares
estimation, and e maxipum likelibood estimation. Another method is to use a decision tree
analysis and fiom the measure determine the wltimate sensitivity and specificity of the dertved rule.
[80%6] Fig. 3 illustrates an exemplary method of the invention of building a mathemstical model
for nesessing a medicn] condition. Based upon prior history of a medical condition, a nser (for
example, a physician) identifies the relevant clinical outcomes or outcomes, The physivlogy, a
conpound or drug’s methed of action, and/or off target treatment cffects are then wilized o help
define the bordess of a probability space.

[#097] A grsphical example of the probability space and the discrete clinical outcomes that deline
the borders of the probability space are illustrated in Fig. 4. Bach number represents a differess
clinieal mitoome.

[0998] Biowmarkers that are mosat relevant to the clinkeal outcomes of a given medinel comdition are
identified using moHivarisie diseriminant analysis, Data from the sef of biomarkers are classified
aceording to (he discrete clinical outcome to which the independent data is most clesely correlated.
[0699] Adver ihe daia sets are olassified by cluster avalysis snd/or discriminant function analysis
abd identified as clinical outcomes, e centroid Jocation of & clinical outeome is detenmined. For
cach reference point or indepondent biomarker data point, a probability of classification into gach
reference elinical ontcome is assessed.

[08100] When. data from an individual subjeet is obiained corresponding to ai least one Momarker,
the daia is input into the mathematical model and its geometrical position within the probabitity
space is determined. A distance metric is then used to determine the position of the subject data with
reference to cach clinieal outcome. In a preferred embodiment, the distance metric is the
Mahalanobis distance. For the subject data, the model obtains a distance metric corresponding 1o

cach dizcrete clisteal 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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[00L0%] Physics and engineering ficlds are probably the most common users of vecior analysis and
have stimulated much of the mathematical research. In the field of mechanics, vector analysis
abjeets include equations of motion including location, velocity, direction, and aceeleration; center
of gravity; moments of inertia; forces such as friction, stress, and siain; electromagnetic and
gravitational fields,

[00110] Velocity, the timo rate of change in position, is the combination of speed {veclor lengils) and
bearing {vector direction). Acceleration is another commaon vector quantity, which is the time rate of
change of the velovity, Both velocity and acceletation are altained through vector analysis, which is
the mathematical detenmination of a vecior's propertics and/or behaviors.

{0821 1] Vector analysis of longitudinal subject data pertaining to a medical condition ean be used to
understand the: medica! condition and statistically determine & discrete clinical oulcome.

{00112} For example, the normal condition for ihe individual san be ebserved by plotting bomarker
data for the individual. The stable, normal condition will be & Jocated in one portion of the graph.
{002 £3] The individual's normal condition may be disturbed by the adminisiration of a
phartnacentical or a change in medical condition. Under the effect of the administered
plianprceutical, (he individual's nonnal condition will become vastable snd move from its original
position in the graph to a new position in the graph. When the administration of a pharmaceutical is
siopped, or the effect of the phormaceutical ends, the individual's normal condition may be disturbed
again, which would {cad to another move of the notmal condition i the graph. When the
administration of 2 phuemacentical is stopped, or the effect of the phanmaceutical ends, the
individual's norosl condition may return to its origina! position in the graph before the
pharmaceutical was administered or lo a new or tertiary position that is different from both the
primary pre-pharmaceutical position and the secondary pharmaceutical-resultant position.

[06314] In some insiances, Momarker values can chenge very rapidly, such that standard smnpling
(for examyple, a lab test} may miss large changes in the values, Iu en example, sepsis can ocour very
quickiy when a patient is vsing a pharmaceutical or is a member of a pharmacewtical clinies! trial.
Many times, earty clues ag o the medical condition of the patient are not seen because curtent
tosting procedures do not oocur mpidly encugh. Also current teating procedures are inflexible within
a ghort period of time, g0 if o putiont needs (o be tested for e different biomarker value or
physiological parameter within a short period of times (for example, 4 hours), it is often not pessible
fo receive tost resulls.

{00115} Large changes in biomarker values can occur such ihat conventional fab methods which use
auly one sumple dilution level cannot measure the snalyte due to the range of the device, Oflen,
more sophislicated lab methods that use multiple dilution rmuges that extend a range can slse bg
overwhelmed by a massive chango (for example, greater than 1000-fold) & a biomarker value. If a

dilution is repeated to obiain the proper range, in twany inslances 24 hours may have efapsed before
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the results of the assays are obtained, As described, n system or method herein can yeport results in
near reai-time fashion, therefore sedical personnel bas the ability to change the course of medical
action a9 necessary from the biomarker values oblained. For example, when an increase of an
anelyle between assay inereases by 100-fold, 260-fold, 500-fold, 1000-foid, 10,000-fold, or even
moze, it can increase the dilution tevel used for the next sample (for example, 100, 200, 500, 1000,
10,000-fald or higher) in addition to changing the frequency of measurement of the analyte.
[B0116] In an aspect herein, a meihod of monitoring sepsis development of a subject comprises:
measuging at feast two parameters selected from the group of (1) body temperature of seid subject,
{2} protein C concentration of ssid subjeet, (3) interlevkin 6 (I1-6) concentration of spid subject,
mubtiple tmes to vield a trend of temperature, protein C trend, and/or 1L-6; and wherein an increase
beyond nommal body lemperature, 8 decreasa in protein C concentration and/or an increase in IL-6
concentration is indicative of the development of sepsis nsaid subject. A decrease in protein C
followed by an increase of 1L-6 can be indicative of the development of sepsis in said subject. A
decrease in protein C followed by an increase of IL-6 and an increase beyond noymal body
tempersbate can be indicative of the development of sepsis in said snbjeet. In some instances, an at
least about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, 1G,000-old, 360,000-fold or more
inerease in JL-¢ concentration in satd subject is indicative of the development of sepais in said
subject. In a further instance, an at least about 10-£old, F00-fokd, 200-fold, 500-feld, 1000-fold, or
more decrease in protein C concentration in said puliject is indicative of the develepment of sepsis
in said subject.

{093 37]In an example, when oo significant svent is oceurring in a patient following chernothorapy
al home, the measurement frequency of an anatyle can be reduced, In some Instances, the systom
can prompt appropiiate action by & user based on prior results.

[B03 58] in some instances, the methods and sysiems desoribed berein allow for the mordtoring of the
health status or medical condition of a subject throughout a time {rame as sinall as a few days. For
exatople, the evolution sud pathophysiology of the diseuse process, the response o therapy, and the
possible onsel of wxoward side effects upon exposure to a drug can be monitered by longitudinalty
ssmpling blood. From these samples a profile of key circulating bjomarkers can be established.
Specific biomarkers can bo selected based o, for example without limitation: knowlcdge of the
diseasc process and its molecular pathophysiolegy, the niechanism of action of a given compound,
and ite observed effects profiles,

{601 39] Represeotation of « similar movernent of lopgiudinal dats to that previously described is
illustraied in Fig. 5. At cach ﬁime point {1 =0 to T =9}, the data point is plotted in a probability
space. The line iraveled frow one pokirt 1o the next is a veelor.

{003 28] Disgnosis of the individual inay be sided by studying severs!] aspects of the movement of

the Bndividial's medical condition in a probability space. The direction {for exemple, the angle

-17-



0

20

25

30

and/or orientation) of the path falowed by the medical condition ag it moves in the graph can aid in
the diagnosis, prognosis and treatment decision-saking for a given clinical autcome. The speed énd
acoeleration of the movenment of the medical condiiion in the graph may also be dingnostie. Also, the
position of the individual’s medical condition at sn independent time point may itself be diagnostic.
{0121 j(Given that the direction and/er speed of the movement of the normal condition in the graph
is diagnostic, one can use the direction andfor speed of the Inilial movement of the nonwal condition
to predict the consequent, new losation of the normal condition; especially Hit is established that,
under the effect of a certain agent (for example, a pharmaceutical), there are only a certain namber
of Iocations in the greph at which an individual's normal 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 gualified medical persennel and the mathematical
model provides an eduestional tool and resource.

[80123] Fig. 6 illustrates an exemplary method of the investion for applying a mathematical model
tongitudinally in real-time. Relevant biomarkers and discrete clinical outcomes coresponding to
different biomarker patterns are predetermined from bistorical date. Dot is then obtsined from s
subject and the date corresponding to each relevant biomarker is measured. Data is prefermbly
obtained from the subject using a point-of-care microflvidic device, hawever, it can be obiained in
any manner, Fach time the data is obtained a distancs metric {for examople, Mahalanobis distance) is
caleulated in refation 1o each controid obiained fiom & cluster avalysis of the historical data. The
centroids represent the diserete efinical ovleoines determined from the historical data.

081241 As following the flow disgram in Fig, 6, for each individnal data set through time, the
probability of the data belonging to each cHuical outcome is calenlnated. The probability is calcalated
from the distance metric using a statistical estimation procedure, such as & Bayesian estimate. Based
on the set of caloulated probabilities, the position of each time point of subject dula is assigned to the
probability space. The caleulation is repeated {or cach time point,

{25} A trajectory of vector s then created by linking adjacent time poinis. The distance,
direction, speed, and acceleration of the vector cant be caleulated sid ploited for display or review. If
the user {{or example, physician), decms the data to be of significant importance, the user may
aglivate an alarm or warning systein and accordingly change the course of artion for treating or
mounitoring the medical condition. After a course of action has been adjusted, the steps assessing the
medical condition of a subject eaa be repeated Lo continue Lo wonitor the tmjectory of the subject.
{005 26] Fig. 7 iliustrales an exemplary method of the invention for developing an alarm or early
warning system for or upen assessing the medica! condition of a subject, Tie trajectory of 1 medical
condition of subject and the information corresponding to the tzajectory (for examyple, speed or
aceeleration) is ebiained flough & metbod of multivariate slatistical caleulalions, such ag the

method llustrated in Fig. 6. I ordes to analyze the infonnation obtaited from the mathemnticat
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analysis, qualified medical personpel {for exampls, & physician) can eslablish oriteria for activatixig
an alarn or warning system based on the measurement of biomarker patterns from an individaat
subject.

[06127] This method allows each individoal user to define 1he value and set of eriteria as they see fit,
aceording to the individual user’s ptiovities. It is understood that each user or physician may view
each medical condition differently and the examyple method of Fig, 7 accounts for these differences.
10128] An exemplary method of the invention assigns progress lines to each discrete clinical
outcome. The progress lines may represent differend clinical eriteria for the medical copdition a
subject passes over, Preferably, the progress lines are positioned and detennined by an individuai
user, such as medical personnel, The user may assign different locations of the progress lines based
upon she subject history, historical data of the medical condition, or personal experisnee. An
example of a probability space with rules demenstrated as progress hoes is llustrated in Fig. 8. For
example, if the trajectory of a subject goes within one of the progress lines illusteated in Fig, §, an
atanm or wariing syslern may he aclivated to notify the veer or the subject. Other possibie results
include, but are aot limited to, a system printout of the medical data, s user interface displaying the
information, 2 flashing lght, an alert system, an alarm, a buzzer, an emall, & telephone
communieation, and a pager system. The alarm systesn not only assesses the current medical
condition of the subject, but may also guide o course of action for the user,

092 29] When one or more of the characteristics of the trajectory surpasses a specific value as
determined by the model vser, an alann or werning systern can be activated. The nser can then
determine the next course of action for assessing the medical condition of the maject.

160130} In an embodiment of the invention, medical personnel or the subject can be notified of 2
need for taking & medical action afler nssessing or characterizing the position of the subject data in s
probability space. Examples of 1 notification include au alest system, an alaun, a buzzer, an email, a
telephone commustication, and a pager system,

169131 Medical personnel smay teke medical action when nolilled by the methods of the invention
that the medical condition of a suliject has violaled a rule imposed by the medical personnel.
Medicad action includes, buat is not Hmited to, ordering more tests performed on the patient, altering
thie dosage of an administered therapeutic agent, administering a theyapeutic ageml, lerminuting the
administration of » {herspentic agent, combining therapies, administering an altemative therapy,
placing the subject on a dialysis or heart and lung mwachiae, and administering a pain killer, In some
embodirnents, the subjeet may take medical action. For example, a dinbetic subjoct may administer a
dose of insalin.

[00132] Afier a medical action has Deex taken or has been chosen, an oulcome analysis can be
performed for characteizing a result of the sclected nction, The outcome analysis can lead to

aufomafically updating the probabiiity of the disorete elinical outcorne of the subject.
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[¥0133] Any olinicat outcome, result, or action related to a particular medical condition may be
utilized as a discrete clinical outeoms. For example, discrete clinicsl outeomes may be generic, such
as responder, non-responder, partial responder, and septiz, or they be more specific such ag adverse
drug reactions, In addition, diserete clinical outcomes may be sequellae, or downstream clinically
relevant events or results. Subject daia can be abtained for any pharmacological, pathophysiological
or paihopsychological clinical outeome. The subject data may be obteined during a fixst time period
before an intervention is administered to the patient, and also duting a second, or more, lime
perlod(s) after the intervention is administored to the patient. The intervention may comprise a
drug(s) and/or a placcbo, The inlervention may be suspected {o have a propensity to affect the
heightened risk of the onset of the speci e medical condition. The interventiozn may be suspected of
having & propensity o deereage the heightened isk of the onset of the specific medical condition.
The specific needical condition may be an unwanted side effect. The intervention may comprise
admintstering & drug, and wherein the dmg has a propensity to increase the risk of the specific
medical condition, the specific medical condition may be an uidesived side effoct.

00134 Medical conditions include, but are not limited to, phannacolopicnl, pathologica,
physiological amd psychological conditions. For exampie, shaormality, afftiction, ailment, anomaty,
anxiecty, cavse, disease, disorder, iliness, indisposition, infinudty, malady, problem or sickness, and
may include a positive medical condition for example, fertility, pregnancy and retarded or reversed
male patfern baldness. Specific medical conditions inchude, but are not limited to, nevrodegencrative
disorders, reproductive disorders, cardiovaseular disorders, sutoimmune disorders, inflammatory
digorders, cancers, bacterial md viral infections, diabetes, arthritis and endocrine disorders, Other
diseases include, but are not limited to, lupus, theuroatoid seibritis, endometriosis, uitiple sclerosis,
stroke, Alzhelmer's disease, Parkinson's disesses, Huntington's disense, Prion diseases, amyotrophic
Interal scierosis (ALS), ischaeming, atherosclerosis, risk of myocardial infarction, hypertension,
pulmonary hypertension, congestive heart failure, thromboses, diabotes mellitus types Lor 1, lung
cancer, breast cancer, colon caneer, prostate cancer, ovarian cances, pancrealio cancer, brain cancer,
solid turmors, melanoma, disorders of lipid metabolism, HIV/AIDS, hepatitis, including hepatitis A,
B and C, thyroid discase, sberrant aging, and any other disease or disorder.

{90135] Biolopical Markery

[00136] Biological wmarkers, also referred lo lerein as biomarkers, according to the presest invenlion
include witheowl limitation dregs, prodrogs, pharmeceatical agents, drug metabolites, biomarkets
such ay expressed protems and ool matkers, antibodies, scrom proteins, cholesterol,
polysaccharides, nueieic acids, biclogical analytes, biowarker, gene, protein, or hormone, or any
combination thereof. At a molecular level, the biomsarkets orn be polypeptide, glycoprotein,

polysecchuride, lipid, nueleic acid, and a combinaiion thereof.
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{1371 Of particular intorest are biomarkers associsted with & panicular disease or with a specific
dircase stage. Such biomarkers include but are not [imited to these associated with autoirnunic
diseases, obesity, hypertension, diabetes, neuronal and/or musoular degenerative diseases, cardiac
dissases, endocrine disorders, any combinations {hereof,

{08138) Alro of inierest are biomarkers that are present in varying abundanes in one or more of the
Body tissues inchuding heart, liver, prostate, lung, kidsey, bone macsow, blood, skin, bladder, brain,
mussoles, nerves, and selocted tissues that are affected by varlous disease, such as different types of
cancer (malignant or non-motastedic), autoimmnune diseases, inflammatory or degensrative diseases.
[0043%] Also of interest are analytes that are indicative of 8 microorganiem, Exemplary
microorganisms include but are niot limited fo bacterivm, Vil:{:s, fungus and protozos, Other
Biormerkers obtained from 8 sulject alse inclade blood-born pathogens selected from a non-limiting
group thet consists of Staphylococony epidermidis, Escherichia coli, methicillin-resistant

Staphyiveaccus aureus (MSRA), Stuphylococeus aurens, Staphylococeus hominis, Enterococcus

faecalis, Preudomonas geruginosa, Staphylvcoccus capitis, Staphylococcus warnert, Klebsiella

preumonine, Haemaphiles influnzae, Staphylococcus simulans, Sireplococeus pnewmoniae and
Candida albicans.

{06146} Biemarkers alsa encompass a varicty of sexually transmitied diseases sclected from the
following: gonorthea (Neisseria gorrhoeae), syphilis (Treponena pallidumy, clamydia (Clamyda
tracomitis), nevngonococeal urethritia (Uheaplasm vrealpticum), yeast infeetion (Candila albicans),
chancroid {Haemaphilus ducrey), trichomoniasis (Trickontones vaginalis), gesital herpes (HSV
type L& I, HIV I, HIV I and hepatitis A, B, €, G, as well as hepatitis caused by TTV.

{0141} Biorarkers cacompass a divessity of respiratory pathogens including but not Jimited to
Psendomonas sernginosa, methicillin-vesistanl Staphflococeens aurens MSRAJ, Klebsielln
presmeniae, Hoemophilis influenzae, Staphlvcoceus aurens, Stenotrophomonas maltophilio,
Haemophilis parainfluenzaes, Escherichia coli, Enterococcus faecally, Servatia marcescens,
Huemophilis parahaemolyticus, Emterococcus cloacae, Candida allicans, Moraxiello catarrhalis,
Streptococcus pneumaenias, Citrobacter freundil, Enterococeus faecium, Klebselln vxyioca,
Preudomonus fluorscens, Neiseria meningitidis, Streplococeus pyogenes, Prelanocysiis carinii,
Klebsella pnevmoniae Legionella prewnophila, Myeoplosma prewnoniae, and Mycebacterivm
tyberculosis.

{09142} Listed below are additional exemplary markers accordiug to the present invention:
Theoplhylline, CRP, CKMB, PSA, Myoglobin, CAI2S, Progesterene, TxB2, 6-keto-PGE-1-alpha,
and Theophylline, Estradiol , Luienizing hormone, High sensitivity CRP, Triglycerides, Tryptase,

Low density lipoprotein Cholesterol, High density lipoptotein Cholesterol, Cholesterol, 1GFR.
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06143} Exemplary tiver markers include, without limitation, Arginase 1 (liver type), Alpha-
fetoprotein (AFP), Alkaline phosphatase, Alanine aminotransferase (ALT), Lactate dehydrogenase
(LPH), Protein C, and Bilitubin,

[60E44] Exemplary kidney markers include without limitation TN¥a Receplor, Cystatin C,
Liporalin-type urinary prostaglandin D, synthatzce (LPGDS), Hepatoeyie growth factor receptor,
Polyeystin 2, Polyeystin 1, Fibrocystin, Uromodulin, Alanive, aminopeptidase, N-acetyl-B-D-
slicosaninidase, Albumin, and Retinol-binding protein (RI3F).

[(40145]) Exemnplary heart markers include without Hinitation Troponin I {(Tnl), Troponin T (TnT),
CK, CKMB, Myoglohin, Fatty acid binding protein (FABF), CRP, D-direr, 8-100 protein, BNI,
NT-proBNP, PAPP-A, Myeloperoxidase (MPO}, Glycogen phosphorylsse jsomnzyme BB (GPBE),
Thrombin Activatable Fibrinolysis Inhibitor {TAFY), Fibrinogen, Ischemia medified albumin (IMA),
Cardiotrophin-1, and MELC-[ (Myosin Eight Chato-T).

{00146 Fxemplary pancreatric markers include without Emitation Insulin, Amylase, Pancreatitia-
Assocosted protein {PAP-1), and Regeneratain proteins (REG).

{08147] Exemplary muscle tissue markers include without limitation Myostatin,

[08148) Fxenplary bload markers include without iinitation Erythopoeitin (EPO),

{06149} Exemplary bone markess include without limitation, Cross-linked N-telopeptides of bone
type I collagen {NTx)

Corhoxyterminal cross-linking lelopeptide of bone collagen, Lysyl-pyridinoline (deoxypyridinoline),
Pyridinoline, Tartate-resistant acid phosphatase, Procoilagen type I C propeptide, Procollagen type
I N propeptide, Osteocalein (hone gla-protein), Alicatine phosphatase, Cathepsin K, COMY
{Cartiflage Oligimeric Matrix Prodein), Osteocrin

Osteoprotegerin (OPG}, RAMNEL, sRANK. , TRAP 5 (TRACY 5), Osteoblast Specific Factor 1
{O8F-1, Pleiotroplin), Scluble cell adhesion melecules, sTIR, sCD4, sCDS, sC144, and Osteoblsst
Specific Factor 2 (O8BE-2, Periosting.

{601 561 T soine ermbodiments markers aceording Lo the present invention are disease specific.
Fxemplary cancer markers include without limiiation PSA (lotal prostate specilic antipen),
Creatinine, Prostatic acid phosphatass, PSA complexes, Prostrate-specific gene-1, CA [2-5,
Careinoembryonic Antigen (CEA), Alpha feto protein (AT}, hCG (Human chorionic
gonadotrepin), Inhibin, CAA Ovadan C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Pancreatic, CA 19-6, Carcincembryonic Antigen, CAA pancreatic, Mewron-spevific enolase,
Angiostalin

DoR2 (Soluble devoy receptor 33, Endostatin, Ep-CAM (MEK-1}, Free Inmunoglobulin Light Chaln
Keppa, Free Inunoglobulin Light Chain Lambda, Herstatiz, Chromogranin A, Adtenwmedullin,

Integeris, Tipidermal growth: factor receplor, Bpidermal growth fueter receptor-Tyrosine kinase, Pro-
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adrenoineduliin M-terminal 20 peptide, Vascular endethelial growth factor, Vascular endothelial
growih factor receptor, Stemn cell factor receptor, c-kit/KDR, KDR, apd Midkine.

[80151] Exemplary infectioun disease markers fnelude without linitation Viremia, Bactereinia,
Sepsis, PMN Elastase, PMN elastase/ al -FI complex, Surfactant Protein D (SP-D), HBVe antigen,
HBVs antigen, Anti-JiBVe, Anti-HIV, T-supressor cell antigen, T-oell antigen ratio, Tehelper cel
antigen, Anti-HCV, Pyrogens, p24 antigen, Muramyl-dipeptide,

00152} Bxemplary disbetes markers include withest limitation C-Peptide, Hemoglohin Ale,
Glycated albumin, Advanced glycosylation end products (AGEs), 1,5-anhydroglucitol, Gasiric
Inhibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGETL and 4.

|601 83} Exemplary inflammation markers include without Himitation Rheumatoid factor (RI7),
Tumor Necrosfs factor-o (THIF-u), Antinuclear Anlibody (ANA), Creactive protein (CRP), Clara
Cell Proten {Uteroglobin).

[66154] Exemplary allergy mavkers include withont Jimitation Total igB and Specific 1,

[00155] Bxemplary autism markers include without limitation Cervloplasnin, Metalothioneine,
Zine, Copper, B6, B12, Glulathione, Alkaline phosphatase, and Activation of epo-alkaline
phosphatase.

[00136] Exemplary coagnlation disorders markers include without limitation b-Thremsboglobulin,
Platelet factor 4, Von Willebrand factor.

109157} In some embodiments s marker may be thernpy specifie. COX inhibitors include withoni
limitation TxB2 (Cox-1), 6-keto-FGEF-1-alpha {Cox 2}, 11-Dehydre-TxB-1a (Cox-1),

[§158] Other matkers of the present inchude without lsnitation Leptin, Leptin receptos, and
Procaleitonin, Brain 8100 protein, Substance P, 8-Iso-PGF-2a.

0035891 Bxemplary geriatric markears inolude without limitation, Newron-specific enclase, GFAP,
and 51008,

04160] Bxoemplary markers of putritional statug include without lirsitation Preatbumin, Atbumin,
Retinol-binding protein {RBP), Transferrin, Acylation-Stimulating Protein (ASP), Adiponsctin,
Apouti-Related Proteln (AgRP), Augiopoietin-like Protein 4 (ANGPTLA, FIAF}, C-peptide, AFABP
{Adipocyte Fatty Acid Binding Protein, FABF4)

Acylation-Stinmlating Protein (ASE), EFARP (Epidemal Patty Acid Binding Protein, FABPS),
Glicentin, Ghacagon, Glacagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptor, PYY, RELMs, Restatin, amd 8 TR {soluble Trensfersin Recepton).

{003 61] Exemplary markers of lipid metabollsm inciude without Kmitalion Apo-lipoproteins
{several}, Apa-Al, Apo-B, Ape-C-CIE Apo-B3, Apo-L.

[U0162] Exemplary coapulation status markers include without limitation Factos I Fibrinoge,
Factor I: Prothrombin, Faclor I: Tiseue factor, Factor TV: Caleium, Faetor V; Proaceclerin, Pactoy

VI, Factor VIL: Preconvertin, Factor VIIE, Anti-hemolytic factor, Faclor EX: Christmas factor,
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Factor X Stuart-Prower factor, Factor XI: Plasma thromboplastin aniceedent, Factor XII: Hageman
factor, Factor X1IE Fibrin-stabilizing factor, Prekaililirein, High-molecnlar-weight kininogen,
Protein C, Protein 8, D-dimes, Tissue plasminogen activater, Plasminegen, a2-Antiplasimin,
Plasminogen activator inhibitor 1 (PAIL).

[$6163} Bxemplary monoclonal aniibodies inelode those for BGER, FxbB2, and IGFIR.

[10164] Bxemplary tyroaine kinase ivhibiiors include without limitation Abl, Kif, PIDMGIR, Sre,
HrbH2, KrbB 4, BOFR, EphB, VEGFR1-4, PDGFRD, FL13, FGFR, PEC, Met, Tie2, RAF, and
TrkA.

{08165} Exenplnry Serine/Threoline Kinase inbibitors include without limitation AKT, Awrora
A/R/B, CDE, COK (pan), CDI1-2, VEGFR2, PDGFRb, CDRA/6, MEK1-2, mTOR, and PEC-beta.
106166] GPCR targets include without limitation Histamine Receptors, Serotonin Reoeptors,
Angiotensin Receptors, Adrenorseeptors, Muscarinic Acetyickoline Receptors, GniU Receptors,
Dopamine Receptors, Prostaglandin Receptors, and ADP Receplurs,

[00167 T & separate embodiment, & method herein utilizes phnrmacological parameters useful for
asgessing efficacy and/or toxicity of a therapeutic agent and the agent’s affect on a medical
condition. For the purposes of this invention, 4 “therapeutic agent” is intended to include any
pubstances that have therapeutic utility and/or potential. Such substances include but are not limited
{0 biological or chemjeal compounds such as simple or complex organic or inorgante molecules,
peptides, proteins (for example, antibodics) or a polynucleotides (for example, anti-sense). A vast
amay of compounds can be synthesized, for example, polywers, such as polypeptides and
polynuciectides, and synibetic organie compounds based ou vations core structures, and these are
also inclnded in 1he term “therapentic agest™. In addition, various patural sources can provide
cosapovmds for screening, such as plant or animai extracts, ad the like. It should be understood,
although not always explicitly stated that the apent is usex alone or in combination with anather
agent, having the same or different biological activily as the agents identified by the inventive
screen. The agents and methods slso are intended (o be combined with ether therapies.

[08168] Fmplomentaiion of the Methodsy

[08E69]1t s to be understood that the exemplary methods and systems described herein may be
implemented in various fonns of hardwarce, soflware, firmware, special purpuso processors, or 8
combinalion thersof. Methods herein con bo bnplasented in software sy an application program
tangibly embodied on one or more program stornge devices. The apphication program may be
executed by any machine, device, or platform comprising suitable architecture, 1t is to be further
understood that, because some of the systems and methods depicted in the Figures are proferably
insplemented in software, the sstus] connections belween the systewm components (or the process

steps) may differ depending upon the manser 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 2n embodiment, the datz stored in the database may be selected from the catogories
consisting of: pathology, anatomy, treahment optios, reatment outcome, pharmacological parameter,
phermacekinetios parameler, psychological parmmeter, and genomie information.

{60177} Subject data can be stored with a unique identifier for recoguition by a processor or & user.
in another slep, the processar or user van conduct a search of stored data by selecting at least one
criterion for particular patient data, The particular patient data can then be retrieved,

[661 78] Relationships can he established between elements of the public databases, the internal
databases and the subject duts, Explicit relationships declare and record inferences made based on
information revealed by the trajectory or other available obscrvations,

[B0179] Fig. 9 fllustrates the flow of data fom 2 database that includes the data from the subject to a-
processor that performs the malhematical metheds described hereln to constiuct a probability space.
The subject data may also be inpulted to the processor separately from the data perteining fo &
discrete clinical outcome that is stored in  database.

{60180] A procesgor can performn ealeutaling the probability space. Once a probability space map is
prepared, the same processor or a difTerent processor ean plot biomarker dats from an individusal
subject within the probability space. The probability space map itself can be teansmitted (o an
ouiput, such a3 a display monitor. The position of the subject data within the probability space may
alsc be trangmitted Lo an output. 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 inchide 5 mesns for receiving inslructions & user or & user
interface. The processor may have memory, such as randots access memory, 88 is weli known in ihe
art, In one embodiment, an output thet is in cormunication with the proeessor is provided.
{6181} A user interface refers to graplieal, textual, or muditory infonnation presented Lo a nger.
Uner interface may also refer to the conirel sequences vsed for controlling n program or device, such
85 keystrokes, movements, or selections.

[0€162] A uscr intecface may be o commercial software application for displaying subject data
and/or the position of the subject data 71 a probability space. The user interface penerally provides
users with access Lo a {ask-specific sol of functions to view and modify content, In preferable
embodiments of the invention, the user interface is & graphical user interface (GUI). I some
cmbodiments, & constructed probability space in two dimensions can be viewed using a GUL Also,
the trajectory of subject dala positioned within the probability space can be viowed using a GUE The
GUIL may be displayed on a display monitor, Cther user interfaces ¢iat may be utilized with the
metheds of the inveation inchide, but are not Bmited to, alert systems, web-based interfaces, text
interfices, sound interfaces, batch interfaces, and infelligent interfaces, In an ombodiment of the

invention, the user interface can remotely commuuicaie with the system.
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[00183] By acquiting data from a subject at nosltiplo points in tine, 2 trajectory of the subject data
¢an be processed. For each lime point, a processor may caleulale the position of the subject data
time point in a probability space. A trajectory is ereated by connecting at least two time points of
subject data, Different vector parameters of the trajectory can be caloulated such as distance, spead,
direetion, and acecleration. The vector paramcters can be calenlsted by 2 processor, The processor
may be the same a8 or differsnt than the processor used to construet the probability space.

[09484) Based upon rales imposed by & vser, the position or irjectory of subject data may activate
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 compuise the probability of a subject of developing an
adverse drug reaction (ADR) is greater than 60 percent. When the probability of the subject data
exceeds the rule, on alert is communicated Lo a vser.

[00185} Examples of an alert include, but are not lmited to, 8 sound, a lght, a printout, a readout, a
display, a page, an e-mail, a fax alext, telephonic communication, or a combination thereof. The alert
may communicete to 1he user (he raw subject dats, the calenlated position in probability space of the
subject data, the tajectory of the subject data, or a combination thereof,

(001863 A user is most preferably medical personnet. In an embodiment, the same user has access 1o
the subject data, establishes the niles for aterting the vser, and is alerted by the alert, The user may
2150 be the subject. For example, & diabetic palient may moniter his personal glucose levels or other
Momarker Jevels, Tn enother embodiment, & user bag secess to the subject datn af pny step of the
mathematical model.

[M9187T}Fig. 10 demonstrates 2 networking method of asseesing the redical condition of a subject,
A gystem, of commusicating information may or may not include a reader for reading subject data.
For exanzple, if biomarker data is acquired by o microfluidio point-of-care device, the values
assigned fo different individual biomarkers may be read by the devics itzelfl or a separate device.
Anather example of a reader would be a system (o scan in subject data that has been entered in an
clectronic medical record of & physician chart. A further example of a reader woutld consist of an
electrondc patient record databage from wisich subject data couid be directly cbtained via the
communications network,

[B0188] A user station may be incorporated into the methods and systoms berein. The user station
oan set as a reader for reading subject dala or as a data enlry system. The user slation may also be
used to communicate data information directly 1o a user, such as medical personnel or the subject,
The user station platform may be 4 computer or one of & wide varicty of hardware platforms that
runs any operating system. The platform inay read and write fo and from a storage unit, A siorage
unit may be incorpurated within the user station. As will be readily apparent to those of ordinmy

skill i thie art, olher hardware may be used to axecula the methods of the invention,
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[65159) According to stii] further embodiments, a server soay be provided for use in assessing o
medical condition of a subject. In some embodiments, a reader and/or user station enmmunicates
with & server. The server may comprise a network inlerface and a processor. A storage unit may also
be provided in the server. The stotage unit is coupled to receive the patient data {from the input
device, reader, or user interface, snd to store the patient data,

{00196 The storage unit may be any device capable of storing data for o long period of time, either
ag n coroponent of the platform, or a8  separale entity that is coupled to Lhe network. Although any
appropriate storage capacity tnay be uscd, the capacity is typically at least ten moegabytes and more
usually al least twenty gigabyies. The storage unif may be penmanent or removable. For example,
the glorage vnit may be as magnetic random access, such as flexible or hard disk drive, magnetic
sejueniinl access, such as faps, optical random access suoh as CD, DVD or Magnelic Optical drive,
and solid state memory, such as EBPROM, MRAM and Flash. In addition, the present invention
anticipates ofher storage devices. All of the aforementioned storage units are by way of exsmople and
are not intended to limit the choices that are o1 ruay become available in the art.

[0 91] In somse embaodiments, the data ave further manipulated prior to storage by the processor
compressing the data. Some data are very large and compression permits conservation of storage
space. In the absence of comppression, this farge amott of data may present a particular problem for
the storage of medical information,

{80123 In other esnbodiments of a system for assessing {he medical condition of a subject, data
storage, provessing ond controi of dats ere implemented on a server that is in comsnunication with a
user siation. Optionally, computations with the data may be perforsned on the server as well. In this
client-server ernbodinent, the server is commusicatively coupled 1o one or mote user staions by
lncal ares network (LA, implemented with Biliernet, Wi-Fi, Blactooth, USB or Firewire, a Wide
Aren Neiwork (WAN) such as the Internet, bnplemented by broadband cable, 8L, T1,
metropolitan Wi-Fi or other high speed communications down o plaii-old-telephone-service
PUTS).

[00193] A user stalion is in communication with a server Lo outpnt the information processed by the
server. The wser station iay be the same or different from the user station or device used to input
subject data into the syster. The user station may also be an alert or 8 warning system. Examples of
a user station include, bul are not limited to, a computer, a PIDA, a wireless telephone, and a
personel device, such az an iPod. The user stalion toxy be in conmmunication with a printer oz 2
display monitor to output the information processed by the server,

{06194] In a networked system comprising a server, any mumnber devices may be members of a
medical network enterprise and access a central collection of medical data stored in 2 server, A

ghven user station may have access o enounous axeunts of petient data from healtheare sources
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anywhete in the world. In one application, data from ronitiple practitioners are aceummuiated for
defined clinical trial studies.

[00195] Statistical information is provided to the user of the systemn, preferably at the point-of-care.
The point-of-care is where treatment is impiomented. Advanisgeously, the dynamic and real-time
characleristics of Internet usage are captured in ihis feature. This enables maedical pessonnel or the
subjeot cither in the office or in the field to instantaneously be votified of and presented with, for
example, 2 subject’s medical condition and staustical informationt pertaining to the subject data.
[00196] The user station, aled sysiewn, or output device may enerypt the data prior to data
transmigsion. The data can also bo encrypted by the processor to protect private information. A
variety of encryption schemnes may be used, such as public leey eneryption or private key encryption.
The encryption components may be stand-alone components or software components, The server
ey also include a decryption unit for decrypting received sulject data prior to storage.

{09197} In an alternative enbodiment, i the communication bandwidth between the user and the
server becomes restrictive (for example, if the server ia “down™), the model can be duplicsted and
reside in a misror server at a user station, Updates and communications between the server and the
wdrror server can be done offline at predotermined times, On-line requests from the user can be
handied loeally by the mirror server, This alternative provides itrereased reliability for users, since
the on-line processes do not depend on cuiside networks,

100198] In an alternative configuration of the data analysis system, clieat-based architecture is used
where storage, data processing and comnputations ace performed on a veer station, An nput device
trangmnits data fom & source o 3 platform. Fhe platfonn is coupled to a display theough a display
conteoller. The digplay may be any one of a number of conventionsl display devices, such ag a foguid
crystal display of video display. The platform contains u storagt unit, a processor and an interface
{or sommmnicating with the Input device. The storage unit bas a database for storing, mantpulating
and retrieving subjoct data, The stotage unit also may store and run an operating system, The user
station platform snay be a compiler or one of a wide viricly of hardware platforms that runs any
operating systetn. The platform may read and wiite 1o and from iis storage unit. As will be readily
apparent to these of osdinary skall i the arf, oiher bardware may be vsed to execute the software.
{8319 In svother aspect, computer readabie instructions are provided, which when execnled cauge
a processor to: provide a probabilily space dafliet by # aet of disciete vlinient oulcomes, each of
which is characterized by a statistical distribution of at least one biological markes; obiain subject
data corresponding fo the at least one binlogical marker; and caleufate the position of said subject
data in said probability space Lo assess the probability of a medical condition of said subject.
{80206} The computer readable instructions may be a part of a softwere package, The sofiware
package can be provided with a server of the invention or an input device, such as a microfiuidic

point-ofrcare device,
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00263} In an embodiment, compuler readable instruetions comprise instructions for creating a
trajectory between two time points of subject data. The instuctions may niso cause a processor to
valeulate vecior parameter of & irajeciory, suel ag speed, position, heading, and acceleration.
{00202} Computer resdable instruetions may direct a processor or ontput device to oufput the
aseessment of a medical condition. The instructions, when exceuted, may display 2 graphical
reprresentation on & monitor, print an output on a printer, or getivate an alert or alaom.

[60203) In another aspect, somputer readable instructions may be stored in a computer readable
medivm, In some embodiments, the computer readable medinm that stores instructious is & slorage
unit as described herein. Stiil other eenbodiments may provide a compuler readable medium having
stored therein a plurality of sequenees of instructions, which, when executed by a proceasor, execute
a ethod of the invention.

[60204] The computer readuble instractions whes execuled can cause o processor o provide & user
defined alert condition based on an assessinent of trajectory parameters of the subjeot data in the
probability space. In an embediment, the trajectory parameters are at least one of speed,
aceeleration, direction, and poaition,

[80265] As used herein, & “computer yeadeble mediem”™ refers to any medium which can be read and
accessed directly by a compuier or a processor, Feafured computer readable media include, but are
not limited to, magnetic storage medium, oplical storage medinn, alectrient storage medivm, and
hybiid storage medium of any of these categories.

[00266] The computer readable instructions can operate in a soflware runtime enviromnent of the
processor, Tnan embodiment, a sofiware runtime environment provides consmaonly usaed fanctions
and facilities required by the software package. Examples of a soflware runtime enviromment
inctude, but are not limited Lo, computer eperating systems, virtual machines or disteibuied opersting
gystems. As will be apprecinted by those of ordinary skill in the an, several other examples of
runtime environment exist.

[#5267] The compuier readable medivm may be g siorage unit of the present invention as described
herein, It is appreciated by those skilled in fhe art thet computer rendable medium can also be any
aveilablo media that oni be sccessed by » server, & processor, o & computer.

{10208} Computer readable media includes volatite and non-volatile, removable and pon-removable
media implemenied in any method or technology for siorage of inlonnation such as eomputer-
readable instructions, data structures, program modules, or other data. Computer storage media
includes, but is pot limited fo, RAM, ROM, EPROM, FEPROM, {lash memory or other solid statc
memory teehnology, CD-ROM, DVD, ar other eptical storage, magnetic casscites, magnetic tape,
magnetic disk storage or other maguetic storage devices, or any other medium which can be used o

store the desived information and which can be accessed by the computer. A skilled artissn ean
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readily adopt any of the presently known methods for recording information on a computer readable
medivn.

[00209] The conputer readabile medium can be incorperated as part of the computer-based system of
the present invention, and can be employed for a computer-based asscesment of a medical condition.
{00213} Hesltkeare Operating Systen

[00211] Different aspects of fhe invention can be used and developed for healihcare systms,
Exmunples of such systems include point-of-care systems, a healtheare oposaling system or a
combination of both. For example, & user may test s blood sumple with a deviee ond 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,

{0021 2) Iis an embodiment, a healtheare system s part of an integrated infrastructare built around
realtime, point-of-care digposable blood monitoring devices which analyze about 10 microkiter
sempies in a similar manner fo automated replication of the matsal processes run by a centrat
jahoratory, In an integrated infrastructure, information can be wirelessly transmit from an assay
device to a databage which integrates data from the devics with stored data from disparate databases
(palient record, genetic or genanic information, data from clinical trials) into a centiel database. The
system con then allow for the mufomatic application of mathematics to the database in the context of
the pathopitysiology of & given disorder, For exampie, & healtheare system can be used to apidly
improve the label of key drugs through adaptive clinical studies which can generate publications for
label expansions for new indioations, patient subpopulati(mé, and for ameliorating safety concerns,
[021 31 In an embodiment of the invention, & healthears system can be witized for home, realtime
blord monitoring kay significant implications which allow us to collect information which cannot be
seen using the conventional blood testing infrastructure.

100234} Fig. 11 iHlustrates an exemplary esnbodiment of 4 system of the invention. Real-time
acquisition of subjeet data cau be accomplished using a poiat-of-care device. 'The point-of-care
deviee can acguire, store, andfor manage snformation bagsed apon 4 specific discase or compound.
The point-of-care device mey alse be in commusication with the user or a computer or system
belonging {0 the user. A point-of-care environment in this exacple can be the home or the clinic.
Adso iflustinted in Tig. 11 is tensmitting information in real-time fom the point-of-care device to a
server or gystem that is capable of converling the information or data to a physiologieally relevant
context. This can be accompiished by transferring the information to r database or a plusality of
databrses. The databases can be on a server or a pluralily ol servers, In an embodiment, a contiaiized
databage repesitory is used to sualyze the data and return the data 1o an end user in a physiologically
relevant context. The daia can be refumed and, o the example of Tig. 11, information, such as

clinically relevant and actionsble information, ean be refusned fo a 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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[04:226] In an aspect of the jnvention, the methods, devices and systems disclosed herein can
compiise a lrealtheare operating system. A healthcare operating systern can compzise a central
control system for delivery of care to consumer and for an economic modal for payors and paycés.
{00227} ¥a an embodiment, a healtheare operating systetn ¢an provide an early system possibly to
detect the onset of diseasze, A sysiem can further comprise o learning engine that ties to the
prefetences of a user or an insurance provider based on dug availability, targeted response rate, or
pavierd atracture,

{00228} A computer sysisen or server of the invention can include a dynamic lesming engise, for
cxample, as 1he systen or server receives data, the operations of the system or gerver ean be
updated. A systemn ov server san also call in o siloed databases, eximets, and Jocally siore
{permanently or tempaorarity} information in & central datz repository.

{64:2291In another embodiment, a healthcare system cait comprise a communications portal for a
user to commuicate an aray of infonmation te the systers, such as weight, nicotine consumption,
food consumption, exarcise, and physchiatrie vasiables.

[00238] Fig. 14 illustraies an example hierarchy of & heslthvare operating systermn of the invention.
The ceniral operating systems hag access fo a data infrastracture pnd movitoring devices for obtaining
subject data, As demonstrated in the example in Fig. 14, the data infrastructure can comprise a
search tool, conumusdeation links, analysis of data, and applications. Por exemple, 2 commmunicaiions
Hink can comamsnicate 1o a consumer, elinictan, or HMO. A clinician can use the information for
simplification and effectiveness of hiz decision making or as a data’knowledge base background. An
HMO eould for example receive information of a clinieal trial, such as diug efficacy aud the costs of
the drug use. Apalysis of information in the data infrastrueture as Mustrated in Fig. 14 con incnde
genesation of # trajectory, fozey Jogic puidance, collsborative fillering prediction, disease maps, and
data reports for clinieal trials or new drug discovery. Examples of applications of a data
infrastructure inchude reports (public or private), alers (for example alerts of a user, clinician,
clinical trial, or a phanmacy), and dynamic, adjustable trials,

{00231] Also demonstrated in Fig. 14 is the hicrarchy of information received by the exemplary
operating system frosn monitorkng devices, The deviees amd operating system can monitor and
release digs if necessary. In a preforable embodinent, the devices monitor analytes in a bodily
fluid. For exminple, when monitoring blood, the devices may be eapalile of executing prescription
blood tests for 4 clinieal or preveniative seliing or evaluate drug systems as demonstrated.

{00232 In an aspect, a sysiem is disclosed that solicits input from the user or his agent (Tor example,
a physician) to facilitate 2 conversation between the subject and his agent about the status of the
person’s health at 2 time. Examples of input ihal can be solisited by a system include, but are not
fimited to, establishing alert levels, medical notation, and permonal notation. The systom cas acquire

clinivally relevant information about a person and plice the information in a physiclogically-
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reasonable condext. Examples of clinically relevant information fuelade, but are not limitad to, age,
gender, race, medical history, and genomic inforuwation.

[00233) In au exnbodiment, time dependent data can be representative of overall clinical health or
response, including o dingnosed disease condition that requires monitoring, a response profile for a
particular drug or combination of drugs, or subject observed observations of hig health,

[00234] Caleulnted or observel information can be provided to a user. Examples of users include,
but are not limited to, a patient, a physiciasn, a elinical monitor for a elinjeal trial, and other medical
personnct.

[00235] Informmtion can alse be infegrated into a cential repository for inclusion into, for example, a
medical record or a clinical trial report.

[09236] Fig. 15 deponstrates an exomplary sysiem of the invention wherein an analysis database can
receive information from o database containing dats from a reader or cartridge database, historical
databases, 2 patient database that can contain. data enfered by a patient, and a customer database,
Other leatures of & aystem of the invenlion are demonsirated in Fig. 135, The system is capable of
performing analysis on data received by the system. The snalysis can be any method as described
herein and can include developing or ulilizing a disease map, using statistics for a slatistically
analysis of information within the system, reposts or graphs, and/or a combination of the different
miedhiods as deroribed.

{0237 Fig, 15 also illustrates a wser interfaoe that moy be utilized in a system of the invention. The
userititerface can internct with any of the componenls demonsirated in Fig, 15. o a preferable
embodiment, the user interface aliows a wser to interface with the sysiem to determine lest dats or
analysin outeomes, such s physiologically relevaut information. The user interfave may be a touch
soreen, monitor, keyboard, mouse, or any cther Hem that allows a user o interact with a system of
the invention as would be obvious to one skilled in the art,

{60238 As shown in Flg. 15, a system can be wiilized (v manage a reader or point-of-care device,
Tlis can include manesgement of a cartridge to be fuserted into the reader for measurement of data.
For exawaple, the system can provide the reader 2 protocol for nunning an immunosssay of the
cartridge. A system of the invention can also provide information to the reader for calibration of the
Imnunoassays run on the cartridge that are run or executed by the reader. Reader management can
also include information for assigning the reader for the appropriate rending system for reading an
Hngpnoassay from a poist-of-care carividge, Reader management can also inciude comective and
preventive actions (CAPA), which is an istrument of integrated and comprebensive corpliance
management. Ao clement of the CAPA approach is an effective and systematic processing of quality
defiviencies, errors and mellunctions with the goal to provide appropriate comrective aetlons amxd
consistently prevent a reotenrrence of non-confermance situations, The CAPA strtegy was

developed by the Food and Drug Administration (FIDIA) for the inspection of medical products,
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00239 Systems and mothods described herein ean be nsed for phanpaceutical clinfeal trials, I
some instances, the systems and methods sceelerate trial tmelines by un average of 18 montbs. Iy
some instances, & systen or methiod herein may provide dose-response and efficacy dyvamics
profiles in less than 1§ months, less than 15 months, less than 12 montds, less than 10 months, less
than 9 months or even less than 6 months. Real-time phanmacokinetics and phatmacodynasics may
girovide better afficacy and more safely information. The metheds herein may slse decrease the risk
of toxicity slowing approval or resirieting use by shifting dose across: sub-populations, concomilant
medications, and multiple indications. In other instances, a system or method herein can improve
predictive visibility into pashway dynamics. A model as deseribe can produce predictive insights and
power sirategic decisions. A systest caa support communications with regulatory authorities
intesnationally and con facititale ‘leern and confinn’ strategy for adaptive clinical trials.

{08240] A system herein can include & data management systemn. ‘The data management system can
be operated through a plurality of devices or systems, or by a single central server. An example of
data management of a system of the invention is shown in Fig. 15, A data mapagement system con
receive input o1 output from, for example, & point-of-care reader, a database (such as an analysis
database or a hisiorical database}, and a terminal (such as a user interface}. A data management
system can also conduct storage management, for example, storage of a patient’s individual data or
storage of information related to a particular disease or drag profile, For example, if using a system
sudfor method of the present inveation to vonduct a clinical {1l on an experimental drug, the data
management and storage managernent sysiems ean receive data from the point-of-care froma
reader, and then store the information in databases for analysis of the data. Both the petiest data and
the apslysis dala may then ba stored for future use of a system. For example, if one side effect is
noted in & pationt in Phase T of a clinical trial, thnt side offect infonpation may be used for the
analysis of results of a patient in Fhase 11 of the clinical trial. Az anviber exampie, a disbetic
individual may recelve a glucose megsurement at an cariier thne, which roay then baused to

evaluate the condition of the individual at a [ater time following anolber measurement,

EXAMPLE L
{80241} Prosiate cancer and anti-angiogenesis (reatmendt
[#02423 A Thase T or Phase Ila clinical irial for treuling n subject diagnosed with prosiate caneer with
an anti-angiopenic drug allows For dose adjustments duging the trisl. The subject is monitored over 2
eowrse of tine during the clinjeal study. The method of action of the anti-angiogenic drug is to halt
the growth of blood vessels in aud around the tugmor, thereby depriving the tumor of adeguate blood
supply. This may induee ischermia and pobritional necrosis in the lumor, thereby debulking the

tumor.
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F00243] After the methed of action is deterinined, diserete elinical onteomes are chosen by medical
personne), such as a physician or clinical moniter. The discrete clinical outcomes chosen in this
exnmple are complete responze (CR), partial response (PR), non-response (NR), and adverse diug
geaction (ADR), The ADR related to the anti-angiogenic drug is hypertensive encephalopathy in this
example,

[09244] Six biomarkers representative of the clinical culesine of the subject with prostate cancer are
chosen to define the discrete clinical oulcomes. The biomarkers are PSA, TPS, K2, VCAM-1,
Endothelin-1, and 6-keto-PGF-1-n. Using these biomarkers and the coresponding historical data on
the progression of prostate cancer treatments with anti-snglogenic drugs as well as data from other
subjects in the clinical trial, a cluster analysis is performed. Hach discrele clinical outcome is
assigned 1o a centroid of one of the clusters.

[0:245] Hafore the subject is treated with the deowg, the subject iy assigned a position in the
probability space based npor the subject’s data from the relevant biomarkers. ‘The probability of the
subject belonging any of the diserete clinical outoome classes is defermined using the Mahalanobis
distance, From which a probability is ealoulaled wsing a Bayesian estimation, The result of this
ealculation returns the four probabilities cotresponding to the four clinieal outcomes of the example,
The position of the subject is determined by piotting the four probabilitics in the probability space.
[00246] The probability space corresponding to four clinical owtcomes is graphically displayed as a
sruare in twe dimensions. The user of the modsl, in this cxvmple, medical parsonnel, establishes
rules for the medical condition of the subiject based the subject data’s position and/or trajectory in
the probability space. Bach discrete chinical outecme hsa a line representing the rule established by
the medical personnel, as shown by the dashed Hnes in Fig. 16, When the subject crosses the doited
fine lowards the CR or PR conditions, the subject is substantinBy free of ADR and has fmproved
histher progoosis,

0247 In Tig. 16, the tajectories of two different subjects are plotted, Subject 1 has a trajectory
that starts in the middie of the probability space and then heads towards the ADR coudition. I this
example, (he medical persanne] may notics the frajectory’s speed or noveleration and intervene in
ilie treatment, When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
alarm is activated. The medical persommel react accondingly.

108248] Subject 2 has a trajeclory that heads owards the NR condition. The dose of the anli-
angiogenic drug treatmend is adjusted correspomling to the rules established by the medical
personnel. After the adiustment of the dose, the trajectory heading changes towards the PR
condition. The exampie ilustrates a method and embodiment of the invention for movitering a

chinicsl trial,

EXAMPLE 2
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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
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illustrated in Fig. 17. The medical condition of the subject is based the subject data’s position and/or
trajectory in the probability space.

{00256} In Fig. 17, the trajectories of twe different subjects ate plotted. Subject 1 has a trajectory
that starts with a high probability of being & member of the DIC condition. However, as the
subsequent tirme points are taken, the sebject trajectory moves away fiom the DIC condition and
towards the NR condition, When the phiysician notices the trajectory’s speed and heading, st T =6,
he raises the dose. AL T =9, the subject’s position in the probability space has a high probability of
being part of {he R condition. The physician assesaes the medical condition of the subject at ruy
point in time along the subject’s trajectory.

{08257) Subiect 2 has a trajectory that beging in the middle of the probability space and heads
igwards the NR condition nt T = 1, Howover, at T = 2, the subject’s position and rajectory are in
violation of the rule established bry the physician and an alams is sounded. The alamm eleris the
physician that the subject hag n high probebility of suffering from one of the dangerous clinical

outeoiey of sepsis,

EXAMPLE 3
[60256] Dirbetes aud Insulin Sensitization
1642591 Subjects with non-iusulin-dependent Type 2 dinbetes are treated with o commuercially
gvailable insulin sensitizer and are mondtored for efficacy and safely wherein the primary ADR of
concern is congeslive heart faikre (CHEF). The subject is monitored over & course of time during the
clinical study. The method of action of the insulin sensitizer involves re-establisting insulin
sensitivity In the subject via snlagonism of a nuclear receptor in the adipose fissuc and the fivar, The
insulin sensitizer and method of action act to increage glucoss uplake in the peripheral tissues aod
thay reduce the circulating glyeemia,
{08260 A subject sud a physician choose the best set of discrete clinical cutcomen and miles for the
subject based on personal information, The diserete clinical outeomes are regposnse (R), nos-
response (NR}, and adverse dtug reaction (ADR). The ADR is congestive heart [ailare.
(602611 After the three clinieal ontcomes are choson, biomatkers most reprogensative of the medical
condition of the subject ave determined by discriminaat analysis. The biomarkers representative of
efficacy of the insulin sensitivity treatment are glucose, itsulin, adiponectin, and resistin, The ADR
of congestive heart failure identifles the representative biomarkers ns Drain matriuretic peptide
(AN}, sanino-terminal-pro-BNP (M-BNP), atrisl natriuretic factor (ANF), 1L-18, Troporin-C,
Cardiac fatty acid binding protein, Myosin light chain-1, Myoglobin, MMP-9. Using these
biomarkers and the corresponding histerical data on the type 2 diabetes, a cluster analysis is

performed. Each discrcto clinieal outeome is assigned {0 a cenlroid of one of the clusters.
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[00262F Before the subject is treated with an iosulin seositizer, the subject is assigned a position in
the probabiiity space Yased tpon the subject’s data fiom the relevant biomarkers. The probability of
tha subjeot belonging any of the diserete clinical outcome classes is defermined using the
Mahalanobig distance, from which a probability is caleulated using a Bayesisn estimation, The reselt
of this calculstion returns three probabilities corresponding 1o the three clinical outcomes of the
example. The position of the suliject is determined by plotting the three probabllities in the
probability space.

{09263] The probubility space corresponding to three clinical outcomes is graphically displayed as a
trinngle in two dimensions. The plysician and subject establish rules most important to the
individual diabetic subject. The rules ave to track the NR and ADR conditions. When the probability
of belonging to the ADR condition class incteases beyond & boundary defined by the rule, an alarm
is triggered. The dose ia increased nccording to a rule when the subject bas a high probability of
being & DR

{00264} In Fig, 18, the trajeciories of two differant subjects are plotted. Subject 1 has a tiajectory
that starts in the middle of the probability space and then heads towards the ADR condition. In this
exampie, the subject sy notice the trajectory’s speed or acceleration and ask the physician if a
change in treatment is necessary, When Subject 1's frajectory crosses the dotted line towards the
ADR condition, an alazm is trigpered. The subject may react by going to the hospital,

[A9265] Subject 2 haa 2 irajectory that heads fowards the NR condition. The dose of the fnsulin
sensitizer is adjusted corresponding to the rules established by the physician and the subject. After
the adjustment of the dose, the {rajectory heading changes towards the R condition. The sranple
iffustrates = method of the nvention for monitoring a diabetic subject taking a commereial insulin

sensitizer and, with the help of » physician, monitoring the subject’s own condition al bome.

EXAMPLE 4
i00266] Graphicai Representation of ihe Clinder] Outcomie oF a Bubject
[80267] The example demonstrates a method for compmmication of the results from the
mathematical model to a user. The method is to plot a series of points and veetors in a space
bounded by a polygon, The vertices of the polygon represent the centroids of clusters of discrete
clinical outcomes. The position of the points represents the probability that the subject dala belongs
to each centroid. The probability of the point belonging to the diserete clinical outoome is inversely
propertional 1o the distance of that point from the vertex. Since the vertices represent all the
significant olinical outcomes, the swa of the probabilities for a given point must be 1.
6268 A sot of vectors is created where each value of a vector represents the probability of

membership i each of the cluslers. The modalus (ragnitude} of the velues is the probability and the



argnment (angle) of the vector points to a vertex, which are equally spaced. The vectors are summed

and the resulting pofut is located in the composite probability space,

Table ¥

Discrete Clinical oulcome

Time Point 138 NR ADRI ADR2 ARG

i iy 20 n 20 20
2 25 1¢ 23 20 20
3 30 HY 20 20 20
4 40 14 i 0 0
5 30 10 10 10 20
6 &0 10 10 10 10
7 R0 14 5 5 G

g 100 0 4 0 o

18026%) For exampple, in Table 1, each row represeuts the position of one point. The coluinns,

lebeled at the top, represent the probability that the peint is a member of that cluster, So, in the fint

row, the probability that the point is in claster “R™ i 20%, thet it is in the cluster “TWR” is also 20%,

and 50 o1,

[00276] For the <atn in the table a graphical representation is created ag iflustrated in Fig, 19, We see

that the swrounding polygon hag five vertices, cach labeled ag one of the colunns in the tabalar data

above, The fftst point of the sel, af the tail of the clnin of arrews, is af the center of the dmwing,

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

others. In this example, as the frajectory grows theough time, the probability of the subject data
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reaches a final poid that has 100 per cent chance of being in cluster “R awl soro per cent chance of
being elsewhere, Corresponddingly, the final point is at the “R” vertex.

100271 Additional information can be included in the output of the probability space, including the
points representing the daia of the discrete olinical outcomes that defined the clusters and centroids.

Fig. 20 Hlustrnies a graphical representation. of the clusier data pointe.

EXAMPLIL 8
{00272 Drug davelopment is an extremely risky propoesition. Over the last decade, the failure rates
for elinical programs have heen identified ag high 90% with an amortized cost of nearly one billion
dollars per approved drug. These failures are due to any mumber of factors. These include, but are
not Hmdted to; a faulty hypotlesis as to & target’s role in the evolution and pathophysioltogy of the
disease; the testing of that hypothesis in an inappropriate, and non-predictive, antmal model; a faukty
hypothesis regerding a compound’s MOA; insppropriate dosing schedules for individuals within
target subpopulations, inclnding inappropriaie pharmacokinetics/pharmacodynamics (PK/PD}
characteristics; and developing untoward physiological effects (for exarople, Adverse Drug
Reactions - ADRs) in some segments of the palient population and thus decreasing the therapeutic
index for the compound in that population.
[0:273] This exowmple demonstrates using a Type 1 biowarker for a compound within a particutar
therpeutic aren 1o (a} validate the underlying hypothesis regarding the method of action for the test
compeund; (b} idendify, and then entich, the appropriate responder subpepulation in a confirmatory
(sinl; and () develop a tuly adaptiver dosing protovol based on the individual FRs and PDs of the
responder population.
{00274] A real-ime monioring system is used identify the emergence of thege characteristic
subpopulations earlier rather than later, to efficiently manege and control the clinical trial and allows
the clinical research team meke procise decisions regarding trial management. On a pationt by
pationt basis, it dynamically idemtifies the compound”s effects in one particular tial subject, and
hen physically titrating that patient’s dosing regimen 10 zecommodate a tuly adaptive “Learn and
Confirm” model of drug development.
08275} Longitudinal sampling of proleing is performed with each patient, wherein the preteing
represent both the pathophysiology of the disense and the method of setion af the compotnd, A
standard ¢cluster nandysis is applied at cach sample tine point in the longitudinal sampling space that
is consistent with {he evolutionary dynamics of the pathophysiology of the dizesse, and the
prarported method of action and PD of the test compound.
[00276f 1dentification of the dynamics of the emergence of separate subpopulations within the triaf

sanpie population can be performed with twe complementary clustering statistics: Cubie Clustering
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Critetion {CCC) and the Pseudo-F wihich help the end-user establish the number of clusters
emerging within the geomelry as domnonsteated in Fig. 21,

[00:277] The end-user uses both the statistics highlighted above and a visual inspection of the cluster
seatter plots to make the final determination as to how masy distinet subpopulations exist in the
clinical study, Guiding this determination will be a fore-knowledge of the number of treatment
{eohort) atma, and any fore-kaowledge as to the chameter of & possible ADR. The methodology
will suggest a number of chusters to (be end user, and will then preseut each patient as to hisfher
cluster assignment, The cluster assigninent and the known assignment of a paticnt to a treatment
cohort or ADR oufcome are then used standard nssignment statistics to calculate both the sensitivity
and specifivity of the assignment rufe.

100278} After determining that the clusters are reasonably specific, the dynsmic trajectories of the
centroids of each clustey are characterized, their separation speed, and the distribution of speed and
directions of eack patient in each cluster. 1f, for czample, one chuster of patients is fairly
hemegeneons in that they were all exposed to the compound at a given doge, and if the distribution
of distances, speeds, and direstions, suggest that some may be slow responders, then the end user
may decide that those patients should reccive a higher dose.

190279} Based on the assumptions developed heveln, in stlice populations of virmal patients are
crasted for each ypotheticsl putient subcelass. A time dependent Moente Carlo simulation is nm {o
identify the emergent clusters. After the simsdation is tun, o new set of mean vectors aud covariance
structures 5 established and the simutation studies are repeated. The seusitivity snd specificity of the
clustering assignment rule for cach dynamic is measured and graphically piot a5 a receiver operator
cutve, wherein the diagnosiic varisble will be the time at which (he clusters were suggested.

06280 Resulis of the emergent dynamics by Monte Carlo simylation of the described methods
deseribed in this 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 Carlo
sisulation of a lwo-cohort clinival design. At Thne = 4 there is significant evidence for the
emergence of bwo clustors while by Tine = 8 the bifurcation i complete and the sensitivity and
specificity of the method are both 100%. Fig. 22 demonstrates plots of the cluster calling statisties
vezsas the hypothetical ramber of clusters at Time = 4. Fig. 23 illustrates markers of elinical offect

with the segregation of the marker space as a funetion of dose af the end point of » ofinical study.

EXAMPLE 6
66781} identification of type 1 blomarkers indicative of perlodic desing regimes
[68282] Periodic dosing, s a therapeutic strategy, Is & mainstay for the trealment of many chromic
disenses or condilions. Foremoest among these are anti-cancer chemotherapy repimens and

treatments for astoimmune diseases. Whether therapenticaliy or in the context of an adaptive
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elinical f¢is], the ability to both monitor and characterize efficaey and loxicity profiles for a
particular dosing regimen m any given patient provides the clinical professional important
inforrnation regarding the ultimate officacy of his/her dosing strategy. The benefit of such a
feedback mechanism is that the feedback is timely and represents the mechanism of action and
clinteal iinpact of the compound, For example, in cancer chemotherapy, the feedback is provided by
imaging technologies that help guantify tumor burden, which it many cases is not timely.

[01:283] This examnple characterizes the pericdicity of the molecular efficacy measures to identify
trends and other measures of clinical relevance (for exarople, increasing refractory response} to
further aid in clinical decision making. As demonsiiated herein a real-time feedback monitosing
systet can account for the periodicity of the dosing regimen and characterizes anvy clinically trends
in the data.

{08284] The system can be a statistivally valid and robust methodalogy which dynamicaliy
characterizes the time-dependent profiles of molecular markers of drug activity in pariodicalty
treated patient subpopulations which then uses that information as a regl-time feedback monitor for
optimnizing the therapeatic regimen. .
{00285} The protein profiles of & treated population act in accordance with the underfying hypothesis
regarding 2 compound's mechanism of action, they should, as a congiomerate pattern, reflect the
periodicity of the (reatment regimen, and isken ss a whole, act ax a Type | biomarker for campour]
activity af the site of nction, Additionally, if there is evidence that the periadic enpression of these
profile proteins changes with time, the trend of that change allows u clinfcian to adjust the dosing
regisnen for example in iequency snd/or dosage Lo individualize the therepy.

1002867 Applying o tHime series-hosed stotisiics) methodology to the longitudina! (within an
individual pationt) protein profiles systematically accounts for the periodicity of a given dosing
regimen witlin an individual patient and using that information to identify and characterize the
emcrgenes of any clinically relovant trends in the response. This knowledge can then be vsed to
both monitor a therapeutic regimen in an individual patient and to design and manage the dynamics
of an adaptive clinical tzial,

[202871 By developing a valid longitadioal Type 1 biomarker for a compound’s activity in the
context of a periodic dosing regimen wil: {a) validate the undeilying hypothesis reganling the
matliod of action for the fest compound; (b} Identify potentialty relevant olimical conditions
comprising: prowing refractodness to the compound, target reeponse to the regimen, snd then adjust,
as appropriale, the frequency or dosages of the treatment tself; and {e) develop an adaptive dosing
protocol based oo the individual PDs of the responder population.

[0288] Using real-time monitoring and feedback to identily the snergence of thess characi.eristic
dynemics aids the clinician te make more precise decisions regarding patient treatment and/or tial

managoment,
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[002898] A statistical Time Series analysis is used to characlerize the periodicity or seagonality of
marker proteins in a patient subjected {o periodic treatments similar te those eployed in cancer
chemotherapy, weekly meihotrextate injections. The system adjusts for the seasonality of the data
train as shown in Fig. 24 and de-trends the responses as necessary, a one of two lag ditferencing
seheme az applied to Autoregressive Integraled moving Average {ARIMA) Models, to characterize
{he actuad response profile of the patient to the therapy stream. Fig. 24 derponsiraies patient data
showing the seasomnality of two type | biomarkers over time. If two or more proteins markers are
idemified as markers, any temporal relationships betweea them {for example without limitation, the
tevels of drog in the blood andfor clisical readout) can be identified and characterized using
Distributed Lags analysis i the same modeling context. Bach avalysis depends on explicit
characterization of the time-time correlations obsarved in the time gexies, the Aniocorrelation
Tunction (ACF) and fs related Partial Autocorrelstion Function (PACF)). Each of these fimctions
can be represented as a vector of cortelations which are functionally dependent o the lng between
measures. FThe functions can be used (o identifly Jinear trends in the data, pericdicity in the data, and
nonlinear eurvature dynamics in the data, The fonctions themselves can be visualized for inspection
using histograms called correlograms, Once the dala is de-trended and the periodicity accounted for,
the individual spikes in the marker profiles are analyzed to see if the compound is working as
expocted.
002907 The first step involved in developing this methodology is identifying those proteins that best
represent both the pathophysiclopy of the disease and the purporied method of action of the
compound. Unee established, these ptoteins sre sampled longitudinally in each patient,
08291} Based upon the expected seasonality of the trealment regimen and the frequency of the
therapeutic dosages, an spproprinte sampling froquencey is established to ensure that the sugpected
periodic expression. of the arker proieing will be captured in the sample data sets.
{00292 The svatem automatically generates nnd inspects difference time seriss with 0, 1, or fwo lag
differenves comprising ARIMA (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares
them te the best fit through Root Mean Square Error, 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 esthmated Trom the data, and an ACF and PACE for the
stlionary series is genemted.
[G0293] Any periodic expression patierns are ideotified and characterized as the period of the peaks
and their subsequent amplitudes. An example of this is shown in g 25 domonstrating a Hime scries
of a blomarker value versus the time of chemotherapy delivery.
[66294] When roultiple tme series are involved comprisibg two or more protein markers and/or
levels of corapounds in the blood, a distributed lags asalysis is performed to identify and

characterize the correlations between the series and their lags. The methodology identifies the
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dynamics of the emergence of protein marker wave trains and to relate these back to elinically
refevant events mnd/or the dosing schedule of (he regimen.

00795} A Monte Carlo simulation of the methods deseribed ebove uring four lime series were
generated using a stationary time series, a time sericy with lincarly increasing slope, a time series
with exponentially decreasing affect to suimic patient-drag attenuation, and a stationary time scyies
with linesrly decreasing peaks, 1o model patient-drug adaptation or up-regulation of metabolic

pathways.

EXAMPLE 7
[00296] Thime to Fever Spike and sepsis from time sevies messurements of Levels of Clrcalating
Pyrogens snd sther biomarkers.
[00297] A patient with Acute Myeloid Leukemia (AML) undergoing in-patient chemotierapy was
monitored using the methods and systemss described herein with sampling of blood every four to
oight hours. "The patient's lemperature was also monitored frequently. IL-6 elevation (> 1000-fold
between consecitive smeasurements) was found at time designated zero in Table 2 and a gignificant
decline >30 % between congecutive measurements 14 hows Iater, Fever was first noted eight hours

later. The mathods herein would have anticipated the subseguent recognition of sepsis by § hours.

I'nble 2
Time, howurs Fvent
4.0 First elevation of JL-6
84 Firal fover
143 Bigmificant declise in profein-C
223 Septic shock
1.2 Patient admitted to ICU

[0296] The systein identifies the refationship beiwesn the time te & fever spike duting aggressive
chemotherapy of leukemia resulting in fever and dramatically changed levels of cirendating pyrogens
(Protein-C, IL-6, -1 beta, TNF-aipha, IL-10). This is performed by employiog standard statistical
niodeling methodologies. The system can be generalized to other situations where sepsis ocours, 1t
cat also be employed for other siluations where significnnt disense processes and outeome of
therapy can be beneficially projected.

{08299 Seicnce and engincering often involve using eusy-to~mcasure variables, called factors or
independant variable factors to explsin o pradict the bebavior of oflier variables, called responses.
When the factors are few in number, notl significantly redundant {non-collinenr), and have & well-

defined, functional relationship to the responses, one eag nye nuaitipke linear regression to

-46-



10

15

20

25

3G

a5

characterize that relationship.  However, if any of these three pro-conditions sheuld faif, multiple
iincar regression meay prove to be inefficlent or statistically inappropsiate. Tu that case, one may
empley an allernative model building stralegy termed Partial Least Squares Regression, This
methodolegy s panticularly useful when there are many factors that might be highly co-linear, and
when the relationship between independent variable factors and dependent variable regponse is ill-
defined. The aim of this type of analysis is to construct a good predictive model.

[09308] Anticipating the time {0 a Fever Spike based on statistical models using levels of several
circulating pyrogens. Fig. 26 demonstrates the relationship between prsmeters computed from
circulating pyrogen levels measured over time and/or and the time-to-spike (also [abeled Lead
Time). The rate of change and shape of the parameters over time is determined by the incidence,
time of infection, extent of infection, numbers of organisms, virnlence of the organisms, and the
condition and genetic make-up of the patienf. The activation threshold is the point at which the
body physiology begins to gonerate a fever spike. The deiection threshold is s parameter level ot
which some therapeutic intervention ig indicated, The systers detennines the relationship between
the pyrogen kevels and the depén‘denf variable in the model, Lead Tiime, enabling prediction of fever
apike ca.r].y enough to intervene with beneficial outcomms,

{00301) This method and data provides enables anticipation of the time patients are most likely (o
experience 3 faver spike, The physician can then preempt and/or ameliorate the onset of the fever
event, for example by providing propbylactic antibiotic therapy.

{00302} The treatment of patients with Acute Myelogenous Leukemin (AMI) is used as an
exemplary case. Huch patients are often treated with 4 cowrse of induction chemotherapy (fIn-patient
chemotherapy typically using mote than one drug sad intended to efiminate afl cancer cells). An
undesived side-elfect of the induction chiemotherapy is ususHly febrile nevtropenia. This cocurs
beeause infestious sderoorganisms can invade the putient due to the inactivation of active iminuaily
by the chamotherapy. The definition of febrile neutropenia iy the fever spike, a clinician defined
state in which the patient’s temperature measures greater than 39 deprees Celsius or in a six hour
poriod two conseculive patient lemperatures measured greater than 38.5 degrees Celsius.

{04303] Fever, as a dofense mechanism, results fiom the eifects exerted on the hypothalamus by
circulating oytokines, catled pyrogens. These aytokines emerge from the imnmne system during an
inflamzeatory response. The best known of these ave I1-6, IL-1 beta, and TNF-alpha. The purpose
of this example is 1o identify a paltern of cireulating pyrogess Jeading wp v a fever spike, amd, from
them, build & model that best antivipates the time-to-spike,

[06304] The methods developed in the studics may be generalized to gencrate a monitoring means in.
other high-risk disease states and therapentic procedares,

[0305} The system builds a stutistical model chamelerizing the relationship between the time-to-

spike aud the circoizting levels fot two particular pyrogens, [L-6 and 1L~1 beta. The system, while
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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 underlying pathogen is identified, the rate and spread of infection can result in & systemic
inflarsmoatory response whick s called sepais. IF the pathogen is unidentified, the inflammatory
response is termed Systentic Inflammatery Response Syndrone (SIR8). Thus, the undetying
etiology of progression {0 sepsiy can be captured as a process divided info three pliysiologically
distinet intervals: Susceptibility to nfection, which is represented by the Thi-Th2 switch,
progression through infection, and the onset and progression of sepsis/SIZS, The markers relevant to

the monitoring of each stage sre shown in Table 3.

Table 3
Sepsis Onset and [. Bapsis Onset
Sequellae 2 Protein €
b IL-1beta”
¢ 6"

d, Procalcitonin

e -0

a. Von Willsbrand Factor

b. Procalcltonin

o. Meoptarin
d. ThF-a
g. Protein C
£ PAF1

g. {ProyThrombin
. ARF {Acute Renal Faliure)
a. Creatinine
h. Cystin
IV, ARDS
a. Von Wiiebrand Factor
b, H-8

¢ I8
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d. i1

@, ll-tra {IL-1 receplor agonist)
f. TNF

V. ALF (Acute Liver Falturs)

a, ALT

b AST

¢ BGT

d. LD

e, Alkaline phosphatase

f Proteln C

4. Cylokeratin-18 fragments

(00325 Fig. 36 and Vig. 37 dermonstrate that the systein uses an equatien that is anticipative of
sepsis using {he Squared Meholanobis distance equation and Bayesian Prebabilily. The Squared
Mahalanobis Distance is:

]f)f(x_) = X)TE—,{{”?) whera j=1,2, 3
and the Bayesian probability is:

Prijix) = exp(-0.50 (x)VTexp(0.5Th (=)
wherein i is the mesn vector representing the centroid of the petient population and j is the three
different outcames {sepsiy, fever, infection).
[90326} Fig, 38 Dustrates a graph in e of a plurality of marker proleins for o patient in a sepais
ilal. The time of the onset o sepsis for this putient is mmked and all patterns leading up to that
point are relevant to the determinatiosn that this patient became septic,
{32 7E TR, 39 ilustrates 4 bivariaie time course of two pasticular markers (protein C and C-
reactive protein) in the sawe patiest. The change in direction I the center of the grapli reprosents a
rapid onset of disease. In s example, a patient rpidly deterioreted and was iliustraled ag septic in
a very particulsy repion of the bivariate space. In this example, the sampling fntervals are feirdy
repgular; 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 ¢laim 5, wherein the measuring step comprises identifying the statistically

significant peaks in the autocorrelation 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 claim 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 chinical 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 clinically 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

¢. corresponding the periodicity to a response 1o 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.
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METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES
ABSTRACT
Described herein are methods and systems uselul [or characterizing clinical outcomes
of a subject. Provided herein includes computer-assessed methods, medical information
systems, and compuier-readabie instructions that can aid an end-user in diagnosis,

prognosis, and treatment ol a clinical outcome.

Figure No. 1
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