METHODS AND SYSTEMS FOR ASSESSING CLINICAL OQUTCOMES

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
[0002] Conventional methods for assessing a patient’s clinical outcome are primarily based on
chinicians’ 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 time. 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 particular, 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.
[0603] Multivariate statistics are generally concerned with determining a statistical distribution of
an outcome or a series of oufcomes 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 miniaturized 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

[0003a]  According to an aspect of the present invention, there is provided a method 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 biological sample
obtained from a 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 measured in (a), generating a subset of biomarkers from the
first set of biomarkers, wherein said subset of biomarkers comprises either or both of 1} a subset of
biomarkers that are more correlative with the occurrence of the medical condition, and ii) a subset of
biomarkers that are generated from a new frequency of measurement of the biomarkers; and

c. 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.

[0004] 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 trials) info one central repository. The system may then
allow for the automatic application of multivariate, multidimensional mathematics to 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,

[G0O5] The system can be used to improve the label of key drugs through adaptive clinical studies
which generate publications for label expansions for new indications, patient subpopulations, and for
ameliorating safety concerns. The development of such a system for home, real-time blood
monitoring has significant implications which allow one to collect information which is otherwise
not available through the use of the conventional laboratory testing.

{0006] The medical information system typically comprises () 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 clinical outcomes, each of which is characterized by statistical distribution of at least one
biological marker; and (ii} storing subject data corresponding to the at least one biological marker;
(c) 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.

{0007} 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 personnel or the subject himself or herself, In
some instances, the end user is from a pharmaceutical company.

[608] 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.

[0009] The input device of the system may comprise a touch screen. Where desired, the input system
can comptise 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.

{06101 In some instances, the subject 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 system 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.

[6013] The medical information system may comprise a network.

[66G14] The storage unit of the system 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, pharmacological parameter, pharmacokinetics parameter, psychological parameter, and
genomic information. The database can be public, internal.

[0015] The end user of the medical information system can be a health care provider, including
without limitation a Health 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 corresponding to the at least one biclogical 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 a 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 clinica] outcome of the subject. In some embodiments, in practicing
the subject methods, at least steps b and ¢ are repeated at various time points to vield 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, ¢.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 automaticalﬁy updating the probability of a discrete clinical outcome of'said
subject. | '

[0018] There is also disclosed a computér 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 c) 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 o
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 least 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.

{0620] In some instances, a method further comprises analyzing data reflecting the concentrations
and/or the physiological indicators with multivariate statistical software. In some instances, the
biological 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) interieukin 6 (IL-6) concentration of said subject,
multiple 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 [L-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 IL-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
¢xample, the frequency of IL-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 prompily followed by an appropriate
medical intervention,

[6022] Also described herein is a method for characterizing a medical condition of a subject,
comprising: obtaining a first set of subject data comprising at least 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.

[0023] 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 periodicity 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.

{0424] There is also disclosed a method for monitoring subject response to therapy comprises:
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; monitoring periodicity of the trend; and corresponding
the periodicity to a response to the therapy received by the subject. In some instances, the therapy is
a periodic dosing regimen. In some instances, the response to the therapy is characterized by a time-

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



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

a Manhattan distance measure between the distinet cluster.

INCORPORATION BY REFERENCE
[0026] All publications and patent applications mentioned in this specification are herein
mcorporated 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
{6027] 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 foliowing detailed description that sets forth illustrative 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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{6029] Fig. 2 illustrates an example of the results of a cluster analysis of a ¢linical outcome.

19036) Fig. 3 is a flow chart ilfustrating an exemplazy method of assessing  clinical outeome of a
subject and assigning probabilities thereto.

[0631] Fig. 4 illustrales an exarple probability space geowetricsl representation.

[9032] Fig. 5 illustrates a trajectory of dnta of & subject n 2 probability space.

{00331 Fig. 6 is a flow chart ilustrating an exemplary method of alerting a user fo assess & clinical
outcome of a subject,

168034] Fig. 7 demonstrates 2 method of establishing rules for a probability space of clinical
oulcomes.

[0635] Fig. § iftustrates a graphical presentation of rules for a probability space.

[0R36] Fig, 9 is a flow chart illustrating an cxemplaty method of inplementing a mathensatical
wadel to assess a clinical outcore.

[0637] Fig. 10 is a fiow chart illustrating an exemplary systems comprising a server for
communicating and processing medical data,

[0038] Fig. 11 fllusteates an exemplary embodiment of a system of the invention with real-time
acquisition of subject daia and (he transmittal of the information in real-lime to a server or system
that is capable of converting the information or data to a phiysiologically relevant context.

[(039] Fig. 12 demonstrates an exemplary system of the invention, wherein & health care operating
sysiem comprises dala infrastructure, models and algorithing, and software applications,

16240] Fig. 13 demonstrates an examplary database comprising an ontology of biomarkess thal are
related sume types of medical conditions.

{6041] Fig. 14 illustrates the an exemiplary hierarchy of s heaitheare operating system of the
invention wherein the central operating system has access o a dafa infrasbructure and monitosing
devices for obtaining subject data,

[0042] Fig. 15 demonstrates an exerplary system of the invention wherein an avalysis database can
reeeive information from & database containing data from a reader or cartridge database, historical
databascs, a patient database that can contain data entered by a patient, and a customer databuse,
{60431 Tig. 16 llustrates excroplary trajectories of two subjects in a probabilily space representing
prostate cancer discrele clinical outcomes.

[0444] Fig. 17 illustrates exemplary trajectories of two subjects in a probability space representing
clinieal outcomes of a subject develeping scpais.

[0845] Fig. 18 illustrates exemplary trajectories of two subjecls in a probabilifty space representing
the medical condition of disbesic subject wsing an insulin sensitizer.

[8046] Tig. 19 illustrates a method of graphicaliy representing a trajectory of subject data ina
probability space in two dimensions.
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[0047) Fig. 20 illustrates 5 method of graphically representing a trafectory of subject dataina
probability space in two dimensions and the position of the data for defining discrete clinical
oulcomes.

[0048] Fig. 21 demonstrales a dynamic subpeoptlation emergence based on cluster analysis of a
Monte Carle simulation of a two-cohort clinical design.

{0045] Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical number of
clustess,

00530 Fig. 23 illustrates markers of clinical effect with the segregution of the marker space as a
function of dose at the end point of a clinical study.

[0851] Fig. 24 demonstrates patient data showing the seasonality of two type 1 hiomarkers over
time.

{0052] Tig 25 demonstrates a time series of a biomarker value versus the time of chemotherapy
delivery.

[0853] Fig. 26 demonstrates the relationship between parameters computed from girculating
pyrogen levels measiged over time and/or and the time-to-spike.

{0654] Fig. 27 is the TL-} beta conventration versus time point sumber.

[0055] Eig. 28 is the sample-to-sample fold change for IL1 -beta versus time point number.
[6056] Fig. 29 is the 1L.-6 concentration versus time point number, wherein patient 4 became: septic.
18057] Fig. 30 is the sample-to-sample fold change for JL-6 versus time point nunber, wherein
patient 4 becatne sepiic.

[6058] Fig. 31 is the TNF-alpha concentration versus time point anmber.

[0059] Fig. 32 is the sample-to-sampie fold change for TNF-alpha versus time point number.
[0060] Fig. 33 illustrates the residual plot for Patient 5 who has a faver spike and no decreasing
markers.

[0061] Fig. 34 demonsirates Fationt 4 data points showing decreasing ProteinC with Increaging IL-
& just prior to fever spike,

{6062] Fig. 35 is a schematic of the Thl-to-Th2 switch and the cytokines representing each
phenotype.

{00637 Fig. 36 and Fig. 37 demonstrate that the system vses an equation that is anticipative of
sepsis using the Bquared Maholanobis distance equation and Bayesian Probability,

[O064] Fig. 38 illustrates 5 graph in iime of a plurality of marker proteins for a patient in a sepsis
trial.

0865] Pig. 39 itlusimles » bivariate thne course of two particular markers (protedn C and C-

reactive protein) in the same patient.
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DETATLED DESCRIPTION OF THE INVENTION
[0866] In one embodiment, a method is provided herein for characterizing the probability of a
chinical outcome of a subject. The methed comprises the steps of (a) constructing a probability space
defined by a set of discrete clinical outeomes, each of which is characterized by a statistical
distribution of at least one biological marker; {b) obtaining subject data corresponding to (he af least
one biological marker; and (¢) caleulating the position of said subject data in said probability space,
thereby characterizing the probability of the clinjcal outeome of said subject.
{09671 In practicing the methods herein, one generally utilizes 2 set of biological markers (also
seforred to herein as biomarkers) relevant to a given clinioal outeome, T order to itnprove the
reliability and acouracy of & mathematical caleulation, biomarkers are seleoted based upon
nmltiverdate statistics from data pertaining to & clinical outcome, whether it being, for example, &
disease or a medical procedure. In some embodiments, discriminant analysis is performed to
determine the most relevant biomarkers pertaining to a particular medical clinical outeome.
[0858] In an aspect, a meethod is provided herein of predicting the cooarrence of a medical
condition that requires medical interventon, the method comprising: (a) measuring concentrations
of a firet set of biomarkers present in a subject and measuring one or more physiological indicators
of said subject at a glven frequency, wherein the first set of biomarkers are suspected fo be
predictive of the medical vondition; {b) based on the concerdrations measure in (aj, gonerating from
the first set & subset of biomarkers that are more cotrelative with the ocourrence of the medical
condition and/or a new frequency of measurement of the blomarkers; and (c) measwring
concentrations of the subset of (b) and/or following the new frequency of measurement of one or
more biomarkers, thereby predicting the oocurrence of the medical condition.
1#06%] Piaralities of discrete clinical owtcomes, somstimes roferred to as medical outcomes, for a
specific medica] condition are plotted in 2 geometrical manner, A set of values of the biomarkers are
chogen that are the most representative of each clinical ontcome. Using the mathematical methods
described herein, probabilities of class assignitaent to each discrete chinioal ouleome can be assigned
to any set of values of observed biomarkers, A probability space can then be constructed by plotting
the probability of any set of values of observed biolegical markers within the geormetric space
defined by the plurality of discrete elinical outcomes.
{G670] Moded builiding
{0071} In some instances, mathematical modeling deseribes ihe dynamic state of a system, In some
instances, the models use a system of equations representing ouicome parameters, biomarker and
drug concentrations and the like over time. Such cquations might be simple enongh to solve in
closed form, yiekling an algoritheic formula, However, i1 some inslances, models of hurnan

dinense can be loo complex to permit a simiple closed form solution. In sorme instances, a solution as
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described berein can be projecting numerical solutions forward in time, also known as texmed
predictive biosimulation,

[0072] The objective of cluster analysis is to group observations inlo clusters sach that each chuster
is as homogeneous as possible with respect to the clustering variables. Any conventional clustering
algorithm may be used to define the diserete set of clinical outcomes based upon the recognized
Dbiomarkers. Besides the Discriminant Fonction Analysis, there are many such algorithims, such as
“Single Linkage,” “Complete Linkage,” “K means,” “Ward's Method,” or the “Centroid Method.”
Additionaily, one can identify clusters using “Decision Trees”, These algorithms are well-known to
anyone familiar with the art, and are avaitable in standard statistical packages such a8 BAS and
SP88. The chustering algorithms group like objeets together, and keep unlike objects in separate
groups.

166731 Multivariate statistios to identify classes of similar subjects in a sample population can alse
be applied for building an appropriate model. The techniques currently employed include, but are
not limited to, Discriminant Function Analysis (DFA), Hierarchical Clustering Analysis, Factor
Analysis (in which an underlying modei or relationship is assumed), Self-Organizing Maps (SOMs),
Support Vector Machines {§VMs), and Neural Nets. Hach is a pattern recognition technology using
mmltivariate descriptor vectors, which subjects are ¢lassmates, to more completely manage an
adaptive clinical trial.

[0674} Other technigues estimaling the model parameler space include several conventional
methods, such ag the graphical method and gradient-based nonlinear optimization (Mendes and Kell,
1998), The graphical method is typically applied to those problems that can be converted to linsar
regression problems, and ave generally not amenable to closed-ioop leaming as they require human
intervention at exch step. The gradient-based nondinear optimization method does not have sucha
restriction; however it does require information about the error function with respect to the
parameter estimates. As such it often converges to local minigna, Evolutionary algorithiss including
genetic algorithoms, evolutionary programiming, genetic programming, and their vaniants (Back et al,
1597; McKay et al,, 1997, Hdwards ef al., 1998) have been applied to overcome these limitations.
[OOT5] n some nstances, {o best account for the dynmmics of a biolegical system, the equation
gystems discussed above can be coraposed of ordinary differential equations which caleulate the raie
of change of a biologiesl entity over a fixed time segment. That quantification is a function of the
state of the system at 1he instant of analysis, and includes terms for all other entities in the sysiem
that might affect that rate of change,

[0076] In many instances, as deseribed herein, biological entitics of interest are fovnd in blood
comprising but not Henited fo circulating proteins. In the modeling space, the Hime rate of change of
each biofogival entily is calied the derivaiive and is quantified as the instantanequs slope of the

hiological entity’s concentration curve in the time domain.
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[0077] The value of any selected target biclogical entity at each selected sampling time point can
be calonfated as wel as the rate of ehange for every entity in the sanpling space. This can resul ina
point estimate per biological entity for the derivative in units comprising but not Jimited to a change
in concentration per unit time.
{0678] In some instances, a method can whilize two point slopes along with a K-point model fitting
regression equations through the last K obeervations, to estimate the first, second, and higher order
derivatives, for example:

dP{Eydt = f{R(1), {other proteins, cells types, ete.}, model parameters)
where P(f) is the concentration of a given protein as a function of time. Angd where fis fmetion of
P(1) and entities affecting specific protein conceniration curves, comprising second signals, cell
munbers, and the like. And where model parameters are coefficients in those equations that quantify
those relationships, for example comprising production rates and clearance rates. The system can be
iinear or noselinear.
[0079] An alternate erbodiment of the mechanism is a systers of entities where P(t) is a protein
vector TE(t) = [Py{t), Po(D),.. Pr(D)] where N is the number of profeins chosen to sample, and f{P, etc.)
bzeomes 2 matrix MIE(E); BEL(t)). The system pacameters become & vector as BHE(t)).
[0080] For example, clearance rates of each I(8) in the vector TI{t) are captured in this vector form.
HN(E) characterizes the fanctional coefficients of the matrix M. The system is linear when §§ does
not depend on H(t) or on time. The systers is linear and parametvically time-dependent when B
depends on t, and varies linearly with time.
100833 In another exarople, the system is nonlingar when the clearance rate changes wilh time and
can
[0082] represent the upregulation or down-regulation in time. The system is represemiad but is not
limited by the vector equation:

(L)t = MERD); BOI)® Tl

[B083] In vet another example, the dynamic state of biological systemns has a level of specificity
which is captured i an exemplary biogirnulation system. Every entity in the system will typically
act on a small subset of other entities. For example, protein 2 modifies the rate of production of
protein 1 by binding o a cell surface receptor on an activated effecior cell. The concentration of
protein 2 modifies the rate of production of protein 1. When a third protein acts on the production of
protein 2 the mte of production of profein 1 depends indirectly on the level of production of protein
2.

11



15

20

23

30

a5

[0884] The equations that best represent the ebove uxample in this biesimulation system are:
aPyidt = B Balt)
dPy/dt = B Pa(t) - Pus Pslt)
dpyfdt= 0

0985} Tn these exemplary equations, the concentration of Protein 3 is constant and the rate of
Proteia 1 produetion js an increasing function of the Protein 2 levels, factored by i >0. In addition,
the levels of Protein 2 arc & function rate Protein 2 is cleared from the system, in this case,
proportionally by a factor iy >0, and the effects of P3(8) on its production, described by s faetor fiy;
>0 and is parameterized by the vector By, Pz , Prs). Any triplet verior can be used in the general
case to generate any family of trajectories in time for Proteins I and 2. Protein 3 is non-varying in
this model since its derivative remains zero,

[6086] Ty measuring Proteins 1 and 3 at each Gme point in a monitoring period, values for Py(t),
and P(t), and estimates for dP/dt and dPy/dt are obtained. Po(t) can then be solved and constrain the
solution st 1o a parameter vector (B, By | B o), which is defined by well defined algebraic
equations. Bstimates of both Po(1) and dP,/dt derive the state of the constrained system based on
point estimates as derived from the samples, This aliows for projecting forward in time where a
medel trajectory will likely be at the next sample point, and re-adjustment of the model parameters
ag necessary in 2 dynamic feedback selfcomrecting system.

[0087] The self-correcting mechatism and feedback system can be implemented in a periodically
sampled measgrernent space, and that moded refinement and re-parameterization can take place at
each sample interval. After each application of this self-corrceting methodology, the space of
acceptable pararneter vectors should begin to couverge to a patient specific vector that projects
forward in s predictive trajectory.

[008H#] A system that dynamically characterizes patient subpopulations based on the longitudinal
sampling of predictive protein profiles can use thal, information as o Type 1 biomarker o verify to
the researcher scientist that the compound is acting on the target as expected. ‘The mechanism of
action for that compound can also be researched for whether it is acting as expected,
Characterization of the dynamic emergence of the subpopulations is based upon their behaviors and
the protein profiles they exhibit.

[0089] In an exainple, one population is treated with the test compound while another is an
undreated control. If the protein profiles of the trested population behave i accordadee with the

underfying hypothesis a3 i pertains to the compound’s inechanism of action, the protein profiles
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will, 28 a conglomerate pattern, act as 2 Type 1 biomarker, If individuals within that popuiation
show considerable varianee in both the direction and velocity of the protein profile, adjustment of
the doses of the slower population members can occur and the trial protocol can be changed
accordingly.

{6090] A variety of statisticel analyses are applicable for building a probability space or model. Fig.
1 {linsteates an exernplary charncterization of similatity as measured by the Mahalanobis distance in
a two-dimensional (multivariate) space. The outcome of 4 disorirsinant fnction anaysis is typically
a Mahalanobis distance for every subject in the analysis data set, The methods of performing the
discriminant analysis fn this manner or similar manuers are known to those skilled in the art. In this
example, the data from two independent variables (for exaruple, blomarkers) are plotted against each
ofher. Each patient in the analysia set is represented by a single point on the graph, The distance
between each patient’s biomsarker pair patiern and the centroid of {he cluster of data is caleulated az
the Mahalanobis distanee and is represented by the cllipses in the Fig. 1, wherein the ceutroid con be
typheally defined as the mean sector of all independont measures in the space of interest. The
probability that any particular patient belongs 1o a cluster depicted herein is inversely proporlional to
{he distance from the centroid of the cluster. In this way the Mahalanobis distance ellipse on the plot
in Fig. 1 isused as a moeasure of similarity between the two sets of independent variables. This
method also accounts for noise in the appropriate distance metric by assigning probabilities of class
assigieent for a particuler patient based on the variance observed in the underlying clustered data.
Thus this method ean account for uncertainty in the probability space,

{6891] In conventional clustering, one typically works from a distance matrix, which lists the
similarity of every object to be clustered versus every other object. The process begins with the
creation of the distance mairiz as koown 1o ene skilled in the art. A triangnlar matrix of distances
ameng all pairs of patients must be computed. Eech of the distances between subject data will be a
function of the measured biomarkers, The function would take the form of 4 sum or weighted sum.
The distances for a given variable are, in tum, 4 suro of distanees between individual observations
for that variable. 'Fhis swn also may be weighted. For example, cach cluster of subjects potentially
represents a discrete olinical outcome.

{00921 The distance matyix metric cen include catoulating & statistical difference, such as the
Mahalanobis distance, Huclidean distance, and Manhattan distance. The matrix represents, in a
stalistically fgorous way, the similerity of twe mullivatiate patterns in a moltidimensional space.
Rased on these distances, individuals are grouped together in a cluster.

[6093] Fig. 2 illustrates an exemplary clusiering method of defining the diserete clinical outcomes.
In this example, the centroid method was vsed to determine nmuliipls centroids of biomarker data
patierns, Each centrodd either defines or belongs to a different set of discrete clinical cutcomes based

upon measured biomarker information. In Fig. 2, examples of the classification of biomarker
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patterns of a medical condition inciude a pattial raspender class, a non-responder class, a complete
responder class, and an adverse diug reaction class, Every data point is related to a centroid of the
clags it falls within, The centroid can be set to be the point most representative of the class.

[0094] After the distance matrix has been constructed and discrete clinical ouicomes have been
defined by a set of biomarkers, a probability space can be coustructed from multivariate
distributions {for exarmple, chisters) by epplying a metrie that accounis for the variance-covariance
struchure of the data, Based upon the measured distance, a probability for class assignment for any
observed biomarker pattern is calculated. The caleulated probability for eny obtained biomarker
pattern defines the probability space.

[0085] Where desired, a probability measurement is carried out by way of a Bayesian calenlation.
Other methods of calenlating the probability for class assignment include, but are not limited to,
Nelson-Aalen estimation, the ordinary least squares estimation, the weighted least squares
estimation, and the maxinomm likelibood estimation. Another method is to use a decision tree
analysis and from the measure determine the wltimate sensitivity and specificity of the derived rule.
096} Fig. 3 iBustrates an exemplary method of the invention of building a teathematical model
for pasessing a medien] condition, Bascd upon prior history of 2 medical condition, a user (for
example, 2 physician) identifies the relevant elinieal cutcomes or outcomes. The phiysiology, a
compound or drog’s method of astion, and/or off target treatiment cffects are then utikized to Lelp
define the borders of a probability space.

18097] A grophics] example of the probability space and the discrede clinical outcomes that define
the borders of the probability space are ilfustrated in Fig. 4. Each number represents a different
clinical ontcome.

[0698]) Bioswrkers that are most relevant to the clinical outcomes of a given medicel condition are
identified using multivariate discriminant analysis. Dats from the set of biomarkers sre classified
according to the discrete clinical outcome (o which the independent data is most closely correlated.
{099] After the data sets are classified by chuster analysis andfor discrimsinant fuection analysis
and identified as clinical oulcomes, the centroid location of a clinkeal culcome is determined. For
each reference point or independent biomarker data point, 2 probability of classification into cach
reference clinical outcome is assessed.

[0810¢] When data froin an individual subject is obiained corresponding to ai least one biomarker,
the data is input into the mathematical model and its geometrical position within the probability
space is determined. A distance mettic is then used to determine the position of the subject data with
reference o cach clinical outcomie. In. a preferred embodiment, the distance metric is the
Mahalanobis distance. For the subject dats, the medel obisins a distance metric corresponding to

cach disercte clinical outcome,
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{06101 A statistical estimation method is used to convert the plurality of distance metrics into &
plarality of probabilities for the subject data. Fach probability of the plurality of probabilities
corresponds to a discrete clinical owtcome, Tn an embodiment, the statistical estimation is 8 Bayesian
etimation, The plurality of probebilities 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 condilion of the subjeet.

{08102] Rules can be assigned by the user (for example, medical personnel) to any point in the
probability space. The rules may guide the user in understanding the subject’s current medical
condition and guide the user in selecting a course of action.

[00103] The methods dsseribed herein can be performed at any point in thne during cbservation of
the subject. Subject data can be obtained at various time points. The position of the subject data in
the probability space can then be caleulated using the mathernatical methods deseribed herein. The
steps of oblaining and caleulating the position of subject data in a probability space can be repeated
10 yield a trajectory within a probubility space, wherein said trajectory is indicative of a time series
of the assessed clinical outcomss,

[04104] Trajectory

{06165} As a medical condition progresses, # subject is typically monitored by medical personnel.
Monitoring can be preformed by ranning a series of lests. As tlesting metbods and devices, such as
point-of-care microfluidic devices, become 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 time series or a sel of fongitudinal data, but may also be data that reflects changes that occur
sequentially with no specific reference o time, The systemn does nof require that the time or
sequence values are equaslly spaced. In fact, the tire parameter can be a rendom varizble itself,
[00166] In some cmbodiments, the time series of obtaining subiect data is ot loast 6, 24, 48, 72, o1 96
hours. In other embodiments, the time series can be af least 7, 30, 60, 90, 180, or more days. The
time series can algp be over a series of years.

[¢O107) The longitudinal date provides valuable insight into the progregsion of 2 medical condition
or treatment, However, as the nwmber of tested items increases, the complexity of analyzing the
longitadinal data increases. It can become very difficult to understand or determine relevant data
about a medical condition or treatment.

[0ER88] The longitudinal date acquired from 4 subject can be grouped into & vector or a trajectory lo
assess a medical condition. A vector is defined geometrically as an arrow where the fail is the initial
point and the hiead is the terminal point. A vector's components can relate to 2 geographical
coordinate systom, such ag longilade and Iatitude. Navigation, by way of specific example, uses
vectors extensively 1o locate objzots and to determine the direction of movement of aircraft and

watercrafi.
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[00109} Physics and engineering fields are probably the most conumon users of vector analysis and
have stimulated much of the mathematical research. In the field of mechanics, vector analysis
objects include equations of motion incuding focation, velocity, direction, and acceleration; center
of gravity,; moments of inertia; forces such a¢ friction, stvess, and stain; electromagnetic and
gravitationa! ficlds.

100110] Velocity, the time rate of change in position, is the combination of speed {vector length) and
bearing (vector direction), Acceleration is another common vector quantity, which is the time rate of
ehange of the veloeity. Both velocity and acceleration are obtained through vector analysis, which is
the mathemnatical determination of a vector's properties and/or behaviors.

[08111] Vector analysis of longitudinal suliject data pertaining to a medical condition can be used to
understand the medical condition and statistically determine a disorete clinical outcome.

[00832] For example, the normal condition. for the individual can be observed by plotting biomarker
data for the individual. The stable, nermal condition wiil be a located in one portion of the graph.
[08313} The individual's normal condition may be disturbed by the administration of a
pharmaceutical or a change in medical condition. Under the effect of the administered
pharmaceutical, the individual's normal condition will become unstable and move from its original
position in the graph to & new position in the graph. When the administration of a pharmaceutical is
stopped, or the effect of the pharmaceutical ends, the individual's normal condition may be distarbed
again, which would [ead 10 another move of the normal condition in the graph. When the
administration of a pharmaceutical is stopped, or the effect of the phannacentical ends, the
individual's norroal condition may return to its original position in the graph before the
pharmacrutical was administered or te a new or fertiary position that is different from both the
primary pre-pharmacentical position and the secondary pharmaceutical-resultant position.

[06114] In some instances, biomarker values can change very rapidly, such that standsrd sampling
{for example, a iab test) may iss Jarge changes in the values, Iu an exampie, sepsis can occar very
quickly when a patient is using a pharmaceuiical or is a member of 2 pharnaceutical clinical tial.
Many times, early clues as to the medical condition of the patient are not seen because current
testing procedures do not ocenr rapidly enough, Also current testing procedures are inflexible within
a short period of time, so if & patient neads o be tested for a different biomarker value or
physiofogical parameter within a short period of times (for exampie, 4 hours), it is often not possible
to receive test results.

[60115] Large changes i biomarker values can oconr such that conventional lab methods which use
only one sumple dilution: Jevel cannot measure the sualyte due to the range of the device. Often,
more sophisticated lah methods that use muitiple ditution ranges that extend a range can afso be
overwhelined by a massive change (for example, greater than 1000-fold} in a biomarker value, If a

difution is repeated to obtain the proper range, in many iostances 24 hours may have elapsed before
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the results of the assays are obtaited. As described, 2 system or method herein can report resubts in
near real-time fashion, therefore medical personne] has the ability to change the coutse of medical
action ss necessary from the biomarker vatues obiained. For example, when at increase of an
analyte between assay increases by 100-fold, 200-fuid, 500-fold, 1000-fold, 10,000-fold, or even
1mote, it can increase the dilution level used for the next sample (for example, 100, 260, 500, 1000,
10,000-fold or higher} in addition to changing the frequency of measurement of the analyte.
[#0116]In an aspeo! herein, a method of monitoring sepsis development of a subject comprises:
measuring at least two parameters selected from the group of (1) body temperature of snid subject,
£2) protein C concentration of said subject, (3) interleukin 6 {IL-6) concentration of said subject,
rmmaitiple times to yield a trend of temperature, protein C trend, andfor IL-6; and whereii an increase
beyond nosmal body temperature, & decrease in profein C concentration and/or an increase in IL-6
concentration is indicative of the development of sepsis in said subjuct. A decrease in protein C
followed by an increase of IL-6 can be indicative of the development of sepsis in said subject. A
decrease in protein € followed by an increase of 1L.-6 and an increase bayond normmat body
temmperature can be indicative of the development of sepsis in said subject. Tn some instances, an at
lenst about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, 10,000-fold, 500,000-fold or more
increase in IL-6 concentration in said subject is indicative of the development of sepsis in said
subject, In a further instance, an at least about 10-fold, 100-old, 200-fold, 500-fold, 1000-fold, or
more decrease in protein C concentration in said subject is indicative of the development of sepsis
in said subject,

091371} an example, when no significant event is ocourriang in 2 patient following chemotherapy
at home, 1he measurement frequency of an analyte can be reduced. In some instances, the system
can procapt approjiate action by & user baged on prior results,

[69118] n some instances, the methods and systems deseribed herein allow for the monitoring of the
kealth status or medical condition of a subject throughout a time frame as swall as a few days. For
example, the evolution and pathophysiclogy of the disease process, the response to therapy, and the
possible onset of untoward side effects wpoun exposure (o & drug can be monitored by longitudinally
sampling blood. From these samples a profile of key ciroulating biomarkers can be established,
Specific biomarkers can be sefected based on, for example withont imitation: knowledge of the
disease process and its molecular pathophysiology, the mechanismn of action of 2 given compound,
andt its obgerved effects profiles.

68115 Representation of a similar movement of fongitadinal data to that previously described is
fllustrated in Fig. 3. At cach time point (T = 0 to T = 9}, the datz point is plotted in s probability
space, The line traveled from one point {o the next is a veetor,

[90128] Diagnosis of the individeal may be aided by studying several agpects of the moovement of

the individual's medical condition in a probability space. The direction (for example, the angle
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and/or orientation) of the path followed by the medical condition as it moves in the graph can aid in
the disgnosis, prognosis and {realment decision-making for a given clinical autcome. The speed and
aceeleration of the movement of the medical condition in the graph may also be diagnostic. Also, the
position of the individual’s medical condition at an independent time point may ttself be diagnostic.
[B0123)Given that the direction and/or speed of the moverent of the normat condition in the graph
is diagnostic, one can use the direction and/or speed of the initial movement of the normal condition
to predict the consequent, new lovation of the normal condition; especially if it is established that,
under the effect of a certain agent {for example, a pharmaceutical), there are only a certain number
of locations it the graph at which an individual's normal condition will stabitize.

104122 However, in some aspects of the invention, both diagnosis and prediction of sssessing the
medical condition of a subject are performed by qualified medical personnel and the mathematical
mode! provides an educational tool and resource,

[081231Fig. ¢ illustrates an exemplary method of the invention for epplying & msthematical mmodel
longitudinally in real-time, Relevant biomarkers and discrete clinical outcomes corresponding to
different biomarker patterns are predetermined from historical dats. Dala is then oblained from a
subject and the date correspending o each relevant biomarker is measured. Data ix prefetably
obtained from the subject using a point-ef-care microfluidic device, however, it can be obtained in
any manner. Each time the data is obtained a distance mefric (For example, Mahalanobis distance) is
calculated in relation to each centroid obtained from a cluster amlysis of the historical date. The
centroids represent the discrete clinical outcoines determined From the historical data.

[06124] As following the flow diagram in Fig. 6, for each individual data set through time, the
probability of the data belonging to each clinical outcome is caleninted. The probability is calculated
from the distance metric using a stabistival estitnation procedure, such as 2 Bayesian estimate. Based
on the set of caleulated probabilities, the position of each time point of subject daia is assigned to the
probabifily space. Fhe caleuiation is repeated for sach time point,

[00125] A trajectory or vector is then created by linking adjacent time points. The distance,
direction, speed, and acceleration ol the vector ¢an be ealeulated and plotted for display or review. If
the user (for example, physician), deens the data to be of significant Importance, the user muy
activate an alarm or warning system and accordingly change the course of action for treating or
monitoring the medical condition. After a course of action has been adjusted, the steps assessing the
medical condition ol a subject can be repented to conlinge to onitor the trjectory of the subsjeet.
[68526) Fig. 7 illusirates an exemplary method of the invention {for developing an alarm or eatly
warming system for or upon assessing the medical condition of a subject. The trajectory of a medical
condition of subject and the information corresponding to the trajectory (for example, speed or
acecleration) is obtained through a metbod of multivariate statistical calculations, such as the

method illsstrated in Fig. 6. Tn order jo analyze the information obtained from the mathematical
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analysis, qualified medical personnel (for exazmple, 8 physician) can establish eriteria for activating
an alartn or warning system based on the meastrement of biomarker pattems from en individual
subject.

[80127] This method allows cach individual user to define the value and set of criteria as they sec fit,
according to the individual sset’s priorities. It is understood timt each user or physician may view
ench medical condition differently and the example method of Fig. 7 accounts for these differences.
[BREZE] An exemplary method of the invention assigns progress lines to each discreie clinical
outcome, The progress lincs may represent different clinical criteria for the medical condition a
subject passes over. Preferably, the progress lines are positioned and determined by an individual
user, such as madical personnel. The user may assign different locations of the progress lines based
upon the subject history, historical data of the medieal condition, or personal experience. An
example of a probability space with mies demonstrated ss progress lines is iliusirated in Fig. 8. For
examgle, if the trajectory of a subject goes within one of the progress lines illustrated in Fig. §, an
alarm of warning system may be activated to notify the user or the subject. Other possible results
include, but are not limited to, a system printout of the medical data, a user interface displaying the
information, a flashing lght, an alert system, an alarm, 2 buzzer, an email, a telephone
comimumication, and a pager system. The alarm systemn not only assesses the current medical
sondition of the subject, But may also guide a course of action for the user,

160129} When one or more of the characteristics of the trajectory surpasses a specific value as
determined by the model vser, an alarm or wamning system can be activated. The user can then
determine the next course of action for assessing the medical condition of the subject,

§001.30) I an ambodiment of the invention, medical personned ot the subject can be notified of a
need for taking a medical action after assessing or characterizing the position of the subject data ina
probability space. Examples of a notification include an alert system, an alarm, a buzzer, an email, a
tedephone comnrunication, and a pager system.

[00131] Medical personnel may take medical action when notified by the methods of the invention
that the medical condition of a subject has violaied a rule imposed by the medica personned.
Medical action includes, bat is not limited fo, ordering more tests performed on the patiens, altering
the dosage of an administered therapentic agent, administering r therapoutic agent, terminating the
administration of & therapentic agent, combining therapies, administering an aliemnative therapy,
placing the subject on a dialysis or heart and fung machine, and administering a pain killer. It some
embodiments, the subject may take medical action. For example, a diabetic subject moay administer a
dnse of insnlin.

[#9132) Afler a medical action has been teken or has beer chosen, an oulcome analysis can be
performed for chavacterizing o result of the selected action. The outcome analysis can lead to

automatically apdating the probability of the discrete elinical cuicome of the subject.
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[B0E33] Any clinical outcome, resuft, or action refated to a particular medical condition may be
utilized as = discrete clinical oufcoms, For example, discrete clinical outcomes may be ge;iéric, such
as responder, non-responder, partiel responder, and septic, or they be muore specific such as adverse
drug reactions, In addition, discrete clinical outcomes may be sequellae, or downstream clinically
refevant cvents or results. Subject data can be obtained for any pharmacological, pathophysiological
or pathopsychological elindcal outcome. The subject data may be obtnined during a first time period
before an intervention is administered to the patient, and also duting a second, or more, time
period(s) after the interveation is administered to the patient. The ntervention may comnprise a
drug(s) and/or a placebo, The indervention may be suspected to have a propensity to affect the
heightened risk of the onset of the spevific medical condition. The intervention may be suspected of
having a propensity to decrease the heightened risk of the onset of the specific medical condition,
The spesific medical condition may be an unwanted side effect. The intervengion may comprise
administering # drug, and wherein the drug has a propensity 1o increass the risk of the specific
medical condition, the specific medical condition may be an undesired side effect.

[08134) Medical conditions include, but are not limited to, pharmacological, pathological,
physiologicat and psychological conditions, For example, abnonmality, affliction, ailment, anomaly,
anxiety, cause, disease, disorder, iiness, indisposition, infirmity, matady, problem or sickness, and
may include a positive medical condition for example, fertility, preguancy and retarded or reversed
male pattern baidness. Specific medical conditions include, but are not linsited to, neurodegencrative
disorders, reproductive disorders, cardiovascular disorders, autoimmune disorders, inflammatory
disorders, cancers, bacterial and viral infections, diabetes, arthuitis and endocrine disorders. Other
diseases include, Tt are not limited to, lupas, thewmatoid arthritis, endometriosis, multiple sclerosis,
siroke, Alzheimer's disease, Parkinson's diseases, Huntington's disease, Prion diseases, amyotrophic
tateral sclesosis (ALS}, ischaemias, atherosclerosis, risk of myocardial infarction, hypertension,
puimonary hypertension, congestive heart failure, thromboses, diabetes mellitus types Lor I, Jung
cancer, breast cancer, colon cancer, prostate cancer, ovarian cancer, patcreatic cancer, brain cancer,
solid tumeors, melanoma, disorders of lipid metabolam, FIV/AIDS, hepatitis, including hepatitis A,
B and C, thyroid discase, abetrant aging, and any other disease or disorder.

[00135] Blological Markers

[B0E36] Biclogical matkers, also referred to herein as Momarkers, according to the present invention
include without limitation drugs, prodrugs, pharmeceutical agents, drug metabolites, biomarkers
such as expressed proteins and cell markers, antibedies, serum proteins, cholesterol,
polysaccharides, nuelele acids, biologicnd analytes, biomarkes, gene, protein, or hormone, or any
combination thereof. At a molecular level, the biomarkers can be polypeptide, glycoprotein,

polysaccharide, Tipid, nucleic acid, acd a combination thereof.
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[60137]OF particular interest are biomarkers associnted with & particular disease or with a specific
disease stage. Such biomarkers inclade but are not limited to those asseciated with autoimimune
digeuses, obesity, hypertonsion, diabetes, nevwronal and/or muscular degenerative diseases, cardiac
diseases, endoerine disorders, any combinations thereof,

[60138] Also of interest are biomarkers that are present in varying abundance in one or more of the
bady tissues including heart, Hver, prostate, Jung, kidney, bone marrow, blood, skin, bladder, braim,
muscles, nerves, and selocted tissues that are affected by various discase, such as difforent types of
cancer (malignant or son-metastatic), autoimmune diseases, inflanumatory or degenerative diseases.
100139%] Also of interest are analytes that are indicative of & microorganism. Exemplary
microorganisms inchide but are not limited to bacterium, virus, fungus and protozoa. Other
biomarkers obizined from a subject also inclede blood-hor pathogens selected from a non-limiting
group that consists of Staplylocencus epidermidis, Escherichia coli, methicillin-resistant
Staphylocaccus awreus (MSRA), Staphylococeus aurens, Staphylocoecus hominis, Enterococeus
faecalis, Psesdomonas aeruginosa, Staphyloceceus capitis, Staphylococeus warneri, Klebsiella
preumonige, Haemophilus influnzas, Staphylococeus simulans, Streptococcus pneumoniae and
Condida albicans.

100140} Biotmarkers also encompass a variety of sexuaily transmitted diseases selected from the
following: gonorrhea {Neisserin gorrhoeae), syphilis (Treponena pallidum), clamydia (Clamyda
sracomitis), nongonococeal uretheitls (Ureaplasm urealyticumy), yeast infection (Candidz albicans),
chaneroid (Haemophilus ducreyi), trichomoniasis {Trchomonas vaginalis), genifal herpes (HSV
type I & ID), HIV I, FIIV II and hepatitis A, B, C, G, as well as hepatitis caused by TTV.

{¢0141] Biomarkers encompass a diversity of respiratory pathogens including buf not Emited to
Pseudomonas aeruginosa, methicillin-resistant Staphlococccus aureus (MSR4), Klebsiellu
prevmoniae, Haemophilis influenzae, Staphlococcus aureus, Stenotrophomonas maltophilia,
Haemophilis pareinfluenzae, Excherichin coli, Emterococcns faecalls, Servatia marcescens,
Haemuophiiis parahaemaolyticus, Enterococeus cloacae, Candida aibicans, Moraxiella catarrhalls,
Streptococcus pretmoniae, Citrobacter freundil, Enterococous faecium, Klebsella oxytoca,
Psevdomonas fluorscens, Neiseria meningitidis, Streptococens pyogenes, Pneumocystis carinii,
Klebsella prewmoniae Legioneila pnevmophila, Mycoplusma preumoriae, and Myeobacterivm
tuberculosis,

[{00342] Listed below are additional exemplary markers according 1o the present invention:
TheophyHine, CRP, CKMB, PSA, Myoglobip, CA125, Progesterone, TxR2, 6-kelo-PGF-1-alpha,
and Theophylline, Batradiol , Lufenizing hormone, High sensitivity CRE, Triglycerides, Trypiase,
Low density lipoprotein Cholesterel, High density lipoprotein Cholesterel, Cholesterol, IGFR,
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[60143] Exemplary liver markers include, without limitation, Arginase 1 (liver type), Alpha-
fetoprotein (AFP), Alkaline phosphatase, Alanine aminotransferase (ALT), Lactate dehydropenase
{LDH), Protein C, and Bilirubin,

{08144} Exemplary kidney markers include without Yimitation TNFa Receptor, CystatinC,
Lipocalin-type urinary prostaglandin I3, synthatase {(LPGD3), Hepatocyte growth factor recepior,
Pelyeystin 2, Polyeystin 1, Fibrooystin, Uromodulin, Alanine, aminopeptidase, N-acetyl-B-D-
glucosammnidase, Albumin, and Retinol-binding protein (RBP).

{00145) Exemplary heart markers include without limitation Troponin I (¥ni), Troponin T {TuT),
CK, CEMB, Myoglobin, Fatty acld binding protein {FABP), CRP, D-dimer, §-100 protein, BND,
NT-proBNP, PAPP-A, Myeloperoxidase (MPO), Glycogen phosphorylase isoenzyme BB (GPBR),
Thrombin Activatable Fibrinolysis Inhibitor (TAFT), Fibrinogen, Ichemia modified albumin (IMA),
Cardiotrophin-1, and MLC-I {Myosin Light Chain-I).

[09246] Exemplary pancreatric markers include without limitation Insutin, Amylase, Pancreatitis-
Assocoated protein (PAP-1), and Regeneratein proteins (REG).

{68147) Exemplary muscle tissue markers inclade without limitation Myosiatin.

[30148) Exemplary bloed markers include without limitation Erythopoeitin (EPO3,

{08149 Exemplary bone markers include without Hmitation, Cross-linked N-telopeptides of bone
type Ieollagen (NTx)

Carboxylenninal cross-linking telopeptide of boue collagen, Lysyi-pyridineline {deoxypymidinoline),
Pyridinoline, Tartrate-resistant acid phosphatase, Procoilagen fype 1 C propeptide, Procollagen type
I N propeptide, Osteocalein (bone gla-protemn), Allcadine phosphatase, Cathepsin K, COME
{Cantillage Oligimeric Matrix Protein), Osteocrin

Osteoprotegerin (OPG), RANKL, sRANK , TRAP 5 {TRACP 3), Ostecblast Specific Factor
{OSF-1, Pleiotrophin), Soluble celi adhesion molesules, sTIR, sCIM, sCD8, sCD44, and Osteoblast
Specific Factor 2 (OSF-2, Periosting.

[00156] In some embodiments markers according to the pregent invention are disease specific.
Exemplary cancer markers nelude withouwt limitation PSA (total prostate specific antigen},
Creatinine, Prostatic acid phosphatase, PSA complexes, Prostrate-specific gene-1, CA 12-5,
Carcinoembryonic Antigen (CEA), Alpha feto protein (AFF) , bCG (Human choricnic
gonadotropiny, Tnhibin, CAA Ovarian C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Panereatic, CA 19-9, Carcinoembryonic Antigen, ©2AA pancreatic, Meuron-specific enclase,
Angiogtatin

DeR3 (Soluble decoy receptor 3), Endostatin, Ep-CAM (ME-1}, Free Immunogiobulin Light Chaia
Kappa, Free Imnunoglobulin Light Chain Lambda, Herstatin, Chromogranin A, Adrenomedullin,

Integrin, Epiderioal growih fastor tecepior, Epidermal growth factor receptor-Tyrosine kinase, Pro-
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adrenomedaiin N-4ermiaal 20 peptide, Vaseular endotbelial growih factor, Vascalar endothebial
growth factor receptor, Stem cell factor receptor, ¢-kit/ KDR, KDR, and Midkine.

[00151] Exemplary infectious dizease markers include without limitation Viremia, Bactleremia,
Sepsis, PMN Elastase, PMN elastase/ al -FI complex, Surfactant Protein B (SP-I), HBVe antigen,
HBVs antigen, Anti-HBVe, Anti-HIV, T-supressor cell antigen, T-cell antigen ratio, T-heiper cell
antigen, Anti-HCV, Pyrogens, p24 antigen, Muramyl-dipeptide.

[00152] Bxemplary diabsies markers include without limitation C-Pepiide, Hemoglobin Alc,
(lyeated albursin, Advanced glycosylation end products (AGEs), §,5-anhydroglucitol, Gastric
Tshibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGFTL3 and 4,

601 53} Exemplary inflammation markers include without Jimitation Rheumatoid factor (RY),
Tumor Nacrosis factor-a {THF-), Antinuclear Antibody (ANA), Creactive protein {CRFP), Clara
el Protein (Uteroglobiny.

(00154 Exernplary ailergy markers include without limitation Total Igié and Specific IgE.

{00155} Exemplary autism markers include without limitation Cervlopiasmin, Metalothioneine,
Zinc, Copper, BG, B12, Glutathione, Alkaline phosphatase, and Aclivation of apo-alkating
phosphatase,

[00156] Exemplary coagulation disorders markers inclode without Hroitation b-Thromboglobukbin,
Platelet factor 4, Von Willebrand factor.

[04157) In some embodiments a marker may be therapy specific. COX inhibitors include without
limitation TxB2 (Cox-1), 6-keto-PGF-1-alphe {Cox 2), 11-Dehydro-TxB-ia (Cox-1).

{04158 Other markers of the present inchude without Himitation Leptin, Lepiin receptor, and
Procalcitonin, Brain 8100 protein, Substance P, 8-Jso-PGE.2a.

[0015%} Exemplary geriatvic markers include without limitation, Neuron-specific enolase, GFAP,
and 51008,

(60169} Exemplary markers of nutritional status inchude without Emitation Prealbumin, Albumin,
Retinel-binding protein (RBP), Transferrin, Acylation-Stinnzlating Protein (ASP), Adiponectin,
Agouti-Relaled Proteln (AgRP), Angiopoietin-like Protein 4 (ANGPTLA, FIAF}, Cpeptide, AFARP
{Adipocyte Fatty Acid Binding Protein, FABP4)

Acvylation-Stimulating Protein {ASP), EFABP (Epidernal Fatty Acid Binding Protein, FABPS),
Ghicentin, Glucagon, (Hucagon-Lilke Pepiide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Recaptor, PYY, RELMs, Resistin, amd sTER (soluble Transferrin Receptor).

[04161) Exemplary markers of lipid metabolism inglade without limitation Apo-lipoproteins
(soveral), Apo-Al, Apo-B, Apo-C-CIE, Apo-I), Apo-E.

{0016Z] Exemplary coagulation status markers include without limitadion Factor I Fibrinogen,
Facler H: Prothrombin, Faclor IEL: Tissue factor, Factor IV: Caleium, Faelor V: Proaccelerin, Factor
VI, Factor VII: Proconvestin, Facior VI, Anti-hemolytic factor, Factor IX: Christmag factor,
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Factor X: Start-Prower factor, Factor XT: Plasma thromboplastin antecedent, Factor X1I: Hageman
factor, Factor XTI Fibrin-stabilizing factor, Prekaliikein, High-molecular-weight kininogen,
Protein C, Protein 5, D-dimer, Tissue plasminogen activator, Plasminogen, a2-Antiplasmin,
Plasminogen zctivator intubitor 1 (PAILL).

[00% 63 Exemplary monoclonal antibodies include those for EGFR, FrbB2, and IGFIR.

[(164] Exemnplary tyrosine kinase juhibitors include without limitation Abl, Kit, PDGFR, Sre,
ErbB2, EibB 4, BGFR, BphB, VEGFRI-4, PDGFRb, KL, FGFR, PKC, Met, Tis2, RAF, and
Trka.

(00165 Exemplary Serine/Threoline Kinase Inhibitors include without limitation ART, Awrora
A/B/B, CDE, CDK (pan), CDX 12, VEGFR2, PDGFRb, CDK4/6, MEK1-2, mTOR, sud FXC-bela.
[00166]GPCR targets include without limitation Histamine Receptors, Serotonin Receptors,
Angiotensin Receptors, Adrenoreceptors, Muscarinic Acetyicholine Receptors, GnRH Receptors,
Dopamine Recepiors, Prostaglandin Receptors, and ADP Receptors.

[60367]In & scparate embodiment, a method herein utilizes phmmacological prrameters wsefal for
assessing efficacy and/or toxicity of a therapeutic agent and the agent’s affect on 2 medical
condition. Por the purposes of this invention, & “therapewtic agent” is intended to include any
substances that have therapeutic utility and/or potential. Such substances include but are not limited
to biological or chemical compouruds sl as simple or complex organic or inorganic molecules,
peptides, proteins (for example, antibodies) or a polymicieotides (for example, anti-sense). A vast
array of compounds can be synthesized, for example, polymers, such ss polypeptides and
polynucientides, and synthetic erganic compounds based on various core stuctures, and these are
also included in the term “therapeutic agent”. fn sddition, various aatural sources can provide
compounds for screening, such as plant or animal extracts, and the like. It should be understood,
although not always explicitly stated that the agent is used alone or in combination with another
agent, having the same or differont biological activity as the agents identlfied by the invenlive
screen, The apents and methods also are intended to be combined with other therapies.

[06163] Inoplementution of the Metheds

[B0169F 1t is to be uaderstood that the exemplary mothods and systems degeribed herein may be
implemented in various forms of hardware, soflware, innware, special purpuss processors, or a
combination thereof. Methods herein can be implemented in software a5 on application program
tangibly embodisd on one or more progoam storage deviees. The application program may be
execnied by any machine, device, or platform comprising suitable architecture. It is to be further
understood that, because some of the systems and methods depicted i the Figures are preferably
impleinented in sofiwara, the actual connections between the system eomponents (or the process

steps) may differ depending vpon the manner in which the present invention is programmed. Given
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the teachings herein, one of ordinary kil in the related art will be able to confemplate or practice
these and similar implementations or configurations of the present. invention.

001791 Fig. 9 illustrates the process flow of building the model and system for assessing the
medical condition of a subject. The subject inputs personal data info a database., The same ora
different database contains data frota other subjects with a similar medical condition, Data from the
other subjects can be historical data from public or private institutions. Data from ofher subjects tmay
also be internal data from a clinical study.

{00171} The subject may input data in a variety of ways, or using & variety of devices, For example,
a point-of-care microfluidic device may be used to acquire biomarker data st the point-of-care. The
data fromn the device may then be communicated directly from the device to a dalebase or processor.
A computer ot data entry system mny also input subject data to a databese or processor. Deta may be
automaticatly obiaimed and input into a computer from another computer ot data enfry system,
Another method of inputting data to & database is using an input device such as a keybeard, touch
sereen, trackball, or a mouse for direclly entering dats into & database.

[001721 A database is developed for & medical condition in which relevant clinical information is
filtered or mined over a compmunication network (for examptle, the Internet) from one or more data
sources, such as a public remote database, an internal remote databasc, and a focal database. A
public database can include online sources of free clinical data for use by the general public, such as,
for example, databases supplied by the 1.8, Departioent of Health and Humarn Services, For
example, an internal database can be a private internal database belonging to particular hospital, era
SMS (Rhared Medical System) for providing clinical data. A local database can comprise, for
example, biomarker data relating fo discrete clinical outcomne. The local database may include data
from a clinics! trial, t may also include clinical data such as temperature and laboratory
information, BEX.G results, blood test results, patisnl survey responses, or other items from patients in
a hospital or an intemal hospital monitoring system. The database can also include hisiorical
reference data of 8 plurality of subject members in relationship to at least one biological marker.
{04173} The datebase may also be iuplemented on a variety of commercially available anthoring
packages.

[00174] The database may be of a storage unit of a medical informatien system.

[08175] Data from a database can be Gltered and classified according to specific cases or medical
conditions or a group of diagnoses and conditions. For example, the classification within the
datebase may follow the standand international code of diagnoses (JCI-9 coding system). A medical
condition may include, for example, & physical state of « subject or a discase that the subject is

suffering from.
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[00176) In an embodirent, the dafa stored I the database may be selected from the categorics
consisting of: patholopy, anatony, treatment option, treatment outcome, pharmacalogical parameter,
pharmecoldnetios parameter, psychological parmmeter, and genomic information.

[80177] Subject data can be stoved with a unigue identifier for recopnition by a processor or & user.
i another step, the processor or user can conduct a search of stored data by selecting at least one
criterion for particular putient data. The particular patient data can then be retrieved.

1040178} Refationships can be established between elerents of the public databwases, the internal
databases and the subject deta. Bxplicit relstionships declare and record inferences made based on
information revealed by the trajectory or other available observations.

{001 7% Fig. 9 iflustrates the flow of data from a database that inctudes the data from the subject to a
processor that performs the mathematical methods described herein to construct a probahility space.
The subject data may also be inputted to the processor separately front the data pertaining to a
discrete clinical outcome that is stored in a database,

[00188] A processor can perform ealoulating the probability space. Once a probability space map is
prepared, the same processor or a different processor can plot biomarker data from an individual
subject within the probability space, The probability space map itsslf can be transmitted o an
output, such as a display monitor. The position of the subject data within the probability space may
also be transmitted to an ontput. The processor may have o means for recefving pationt data directly
from an input device, a means of storing the subject data in a storage unit, and a means for
processing data. The processor may silso include a means for receiving instructions a user or a user
interface. The processor may have memory, such as random aceess memory, a8 is well knowa inthe
art. n one embodiment, an output that is i commumication with the processor is provided.

[B0181] A user interface refers to graphical, textual, or suditory informstion presented to a user.
User interface may also refer to the control sequences used for controlling a program or device, such
ag keystrokes, movements, or selections.

[66182] A user interface may be a commercial software apphication for displaying subject data
and/or the position of the subject data in & probability space. The user interface generally provides
usery with access to a tagk-specific set of functions to view and modify content, In preferable
embodiments of the invention, the user interface s 2 graphical user interface (GUI). In svme
embodiments, a constructed probability space in two dimensions can be viewed using a GUL Also,
the trajectory of subject data positioned within the probability space can be viewed using a GUL The
GUI may be displayed on a display monitor. Other user interfaces that may be utilized with the
metheds of the invention inchude, but are not Himited to, alert systems, web-based interlaces, text
intexfaces, sound interfaces, bateh inderfaces, and intelligent interfaces. In an cmbodiment of the

invention, the user interface can remotely communicate with the vystem.
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[B0E83] By acquiring data fron: a subject at multiple points in time, 2 trajectory of the subject data
can be processed. For each time point, a processor may caluulate the position of the subject data
time point in a probability space. A trajectory is created by connecting et least two time points of
subject daia. Different vector parameters of the trajeciory can be calculated such as distance, speed,
direction, and aceeleration. The vector parameters can be caleulated by a processor. The processor
may be the same as or different than the provessor used o consiract the probability space.

[00184] Based upon rules imposed by & user, the position or brgjectory of subject data may activate
an alert. The alert or alert system notifies the user when the subject data conflicts with a rule
imposed by o user. For exarple, 2 rule may comprise the probability of a subject of developing an
adverse drug reaction (ADR) is greater than 60 pervent. When the probability of the subject data
exceeds the rule, an alert is communicated (o a bser.

[¢0185) Examples of an alert inchude, but are not limdted to, a sound, a light, a pristout, a readout, 2
display, a page, an ¢-mail, a fax alert, telephonic compunication, or a combination thereof. The alert
may communicate to the user the raw subject data, the calculated position in probability space of the
subject data, the trajectary of the subject dats, or a combination thereof.

108186 A user is most preferably modical personnel. In an embediment, the same user has access to
the subject data, establishes the rules for alerting the user, and is alerted by the alert, The user may
alsa be the subject. For example, a diabetic patient may monitor his personal glucose levels or other
biomarker fevels, Tn another embodimendt, & user bas access 10 the subject data at any step of the
mathematical model.

[00187] Fig. 10 demonstrates & networking method of assessing the medical condition of a subject.
A system of commamicating information may or may not include a reader for resding subject data.
For example, if biomarker data is acquired by a microfluidic point-of-care device, the values
assipoed to different individual biomarkers may be read by the dovice itseif or & sepasate device,
Another example of a reader would be a system fo scan in subject data that has been entered in an
clectronic medical record or & physician chart. A furiber example of a reader wonld consist of an
electronic patient record database frors which subject data could be divectiy oblained via the
communications nelwork,

{99188 A user station may be incorporated into the methods and systems herein. The user station.
can. set as 2 reader for reading subject data or as a data entry systom. The user station may also be
used o communivate data information directly to a user, such as medical personnel or the subject.
The user station platform may be a computer or one of 8 wide variety of hardware plaifories that
runs any opersting system. The platforin may read and write 10 and from a storage undt. A storage
unit may be ingorporated within the user station. As will be readily apparent to those of ordinary

skill in the art, other hardvware may be used to oxecue the methods of the imvention.
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{00189 According to still further embodiments, a server may be provided for use in assessing a
medical condition of a subject. In some embodiments, a reader and/or user station communicates
with a server. The server may comprise a network interface and a processor. A storage unit may also
be provided in the server. The storage unit is coupled to receive the patient data from the input
device, reader, or user interface, and fo store the patient data.

{80190] The storage unit may be any device capable of storing data for a fong period of time, either
as & component of the platform, or a8 a separate entity that is coupled to the network, Although any
appropriate storage capacity may be used, the capacity is typically at least ten megabytes and more
usually at least twenty gigabytes. The storage unit may be permanent or removable. For example,
the slorage tmit may be as magnetic random aceess, such a3 flexible or hard disk drive, magnetic
sequential eccess, sach as tape, oplical random access such as CD, DVD or Maegnetic Optical drive,
and solid siate memory, such as BPROM, MRAM and Flash. fn addition, the present invention
anticipates other storage devices. AJl of the aforementionasd storage units are by way of example and
arve not intended to Yimit the choives that are or may become available in the ast.

[09191] In seme embodiments, the data are further mwanipulated prior to storage by the processor
compressing the data. Some data s very large and compression permits conservation of storage
space. In the absence of compression, this large amount of data may present a partieulas problem for
the storage of medical information.

[6092] In other exmbodiments of a systen for assessing the medical condition of 4 subject, data
storage, provessing and control of data are implemented on a sexver that is in communication with a
user station. Optionally, computations with the data may be performied on the server as well. In this
alient-server embodiment, the sexver s communicatively coupled to one or more user stations by
local area network (1AM, implemsented with Ethernet, Wi-Fi, Blnetooth, USB or Firewire, 1 Wide
Area Network (WAN} smuch as the Internet, implemented by broadband cable, xDSL, T1,
metropofitan Wi-Fi or other high speed communications down to plain-old-telephone-service
POTS).

[00193) A user station is in communication with & server 1o oukput the information processed by the
server, The user siation may be the same or different from the user station or device used to input
subject data into the systern. The user station may also be an alert or 2 warning system. Exaroples of
a user slation include, but are not limited to, a computer, a PDA, a wireless telephone, and a
personal device, such as an iPod, The user sfation may be in communication with a printer or a
display monitor to output the faformation processed by the server.

{00194] In a networked system comprising a server, any aumber devices may be members of a
medical network enterprise and access a central eollection of medical date stored in 2 server. A

given user station way have access lo evormous ameunts of patient data from healtheare sources
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anywhere in the workd. In one application, data from multiple practitioners are accunrmlated for
defined clinical trial studies.

{601 95] Statistical information is provided to the user of the system, preferably at the point-of-care.
The point-of-care is where tzeatment is implernented. Advantageously, the dynamic and real-time
characteristics of Inlernet usage are captured in this festure. This enables medical personnel or ihe
subject either in the office or in the field to instantaneotsly be notified of and presented with, for
example, a subject’s medics] condition and statistical information pertaining to the subject data.
[00196] The user station, alert syster, o output device may enerypt the data prior to data
transmoission. The data can also be encrypted by the processor to protect private information. A
variety of everyption schemes may be used, such as public key eneryption or private key encryption.
The sncryption components may be stand-alone components or software components, The server
may also include a decryption unit for deerypting recaived subject data prior to storage.

{09497} In an alfernative embodimens, if 1he commumnication bandwidih between the user and the
server becormes restrictive (for example, if the server is “down™), ihe model can be duplicated and
reside in a mirror server at a user station. Updates and communications beiween the server and the
mirror server can be done off-line at predetermined times. On-line requests from the user can be
handled locally by the mirror server. This alternative provides increased reliability for users, since
the on-live processes do 1ot depend on cutside networks.

{844 158] In an alternative configuration of the data analysis system, client-based architecture is used
where storage, data processing and computations are performed on 2 user station. An input device
transmits data from a source to s platform, The platform is coupled to a display through o display
controller, The display may be any one of a mumber of conventionat display devices, such as a liquid
erystal display or video display, The platform contaius & storage unit, a processor and an interface
{or commumicating with the nput device. The storage unit has a database for storing, manipulating
and retrieving subject data, The storage unit also may storg and ran an operating system. The user
station platforn may be s computer or one of a wide veriety of hardware platforms that runs any
operating systers. The platform may read and write to and from its storage mit. Ag will be readily
apparent to those of ordinary gkill s the art, other hardware may be used {o exenute the software.
{04199} In another aspect, computer readable instructions are provided, which when exscuted cause
a processor to: provide a probability space defined by a set of disciete clinical outcomes, each of
which is characterized by a statistica) distribution of a1 least one bivlogical marker; obtain subject
data corresponding to the at least ene biological marker; and caloulate the position of said subject
data in said probability space to assess the probability of a medical condition of said subject.
[0G260} The computer readable jnstructions may be & part of & software package, The software
package can be provided with a server of the invention or an input device, such as a microfluidic

point-of-care device.
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160201} In an embodiment, computer readable instructions comprise instructions for creating u
trajectory between two titne points of subject data. The instructions may also cause a processar to
caleulate vector paxameter of a trajectory, such as speed, position, heading, and acceleration.
[060202} Computer readable instructions may direct a processor or output device to output the
assessment of a medical condition. The instructions, when executed, may display a graphical
representation on a ronitor, Print an owtpud on a printer, or activate an ajest or alaom,

[64203] In another aspect, conoputer teadable instructions may be stored in a computer readable
medinm. Tn some embodiments, {he computer readable medium that stores instructions is a slorage
urit a8 described herein. Still other erpbodiments may provide a computer readable medivm having
stored therein a pluratity of sequences of instructions, which, when executed by a processor, execute
ameihod of the irvention,

[66204) The computer readable instructions when executed can catse & processor to provide a user
defined alert condition based on en assessment of trajectory parameters of the subject data in the
probability space. In an embodiment, the trajectory parameters are at least one of speed,
aceeleration, direction, and position.

002081 As used herein, & “coraputer readable medium™ refers to any medium which can be read and
accessed directly by a computer or a processor. Featured computer readable media {nclude, but are
not limited to, magnetic storage madium, oplical storage mexdiom, electrical storage medium, and
hybrid storage medium of any of these categories.

[06206] The computer readable instructions can operate in a software runtime environment of the
processor. [n an embodiment, a software funtime envirenment provides commonly used functions
and facilitios required by the software package. Bxamples of a soBware runtime environzoent
include, bt are not limited to, computer operating systoms, virtual machines or distributed operating
aystems. As will be appreciated by those of ordinary siill in the arl, several other examples of
nmtime environment exist.

{60207} The computer readable medium may be o storage unit of the present invention as described
herein. It is appreciated by those sldlled i the art that computer readable medium can also be any
available media that can be accessed by a server, a processor, or & computer.

{80208} Computer readable media includes volatile and non-volatile, removable and non-removable
media implemented in any method or technology for storage of information such as computer-
readable instructions, data stroetures, program modules, or other data. Comyriler storage media
inchkrdes, but is pot limited 1o, RAM, ROM, EPROM, FEPROM, flash memory or other solid state
memory technotogy, CD-ROM, DVD, or other optical storage, magnetic casseites, magnetic tape,
maguetic disk storage or other magnetic storage devices, or any other medinm which can be used o

store the desired information and which can be accessed by the computer. A skilled artisan can
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readity adopt any of the presently known methods for recording information on 2 computer readable
medium.

{0620Y] The computer readabie medium can be jncorporated as part of the computer-based system of
the present invention, and can be employed for a computer-baged assessinent of a medical condition,
Mi210] Healtheare Operating Sysism

[0ez11] Different aspects of the invention can be used and developed for healthcare systems.
Txamplies of such systems include point-of-care systems, a healthoare operating systemt or a
combination of both. For example, & user may test s bloed sample with a device and the information
from the test can be provided to a systet or method of the invention, which in turn sends additional
informaticn to the nser.

160217} In ar embodiment, & healtheare system: is patt of an infegrated tnfrastruchare buill around
real-time, point-of-care disposable blood monitoring devices which analyze about 10 microliter
samples in a similar manner to astomated replicution of the manual processes run by a central
laboratory. In an integrated infrastructure, information can be wirelessly transmit from an assay
device to a database which integrates data from the devies with stored data from disparate databases
{pationt record, genetic or geaomis information, data from clinical trials) info a central database. The
system. cen then allow for the mutomatic applicalion of mathematics fo the database in the confext of
the pathophysiology of 4 given disorder. For axample, = hesltheare sysiem can be used to rapidly
improve the Iabel of key drugs through adaptive clinical studies which can generate publications for
iabe] expansions for new indications, patient subpopulations, and for ameliorating safety concerns,
100213) In an cmbodiment of the invertion, 2 healthcare system can be wilized for kome, real-time
blood monitoring has significant implications which allow us to coliect information which cannot be
seen using the conventional blood testing infrastructure.

{00284} ¥ig. 11 illustrates an exemplary embodiment of & system of the invention, Real-time
acquisition of subjeet data can be accomptished using a point-of-care device. The poist-of-cars
device can acquire, store, and/or manage informoation based upon a specific diseage or sompound.
‘The point-of-care device may also be in communication with the user or a computer or systers
belonging to the user, A point-of-care environment in this example can be the bome or the chinic.
Also illustrated in Fig. 11 is transmitting information in real-time from the point-of-care device to a
server or system that is capable of converting the information or data to a physiologically relevant
context. This can be accomplished by wansferring the inforination to a database or & plurality of
databnaes, The databases can be ona server or a plurality of servers, In an embodiment, a centralized
database repository is used to aoalyze the date and return the data to an end uscr in & physiotogically
relevant context. The data can be refurned and, in the example of Fig. 11, information, such as

clinically relevant asd actionable information, east be returned to a user {lrough browser-baged
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software applications. The information could be used for adaptive chinical trials and publications if
the ond user is a modical researcher or pharmacentical company.

108215] A system of the invention comprising a point-of-care device in communication with a
healthcare system may not require the transfer of samples, such as transportation to a laboratory,
which in turn, can improve the integrity of & sample. Defection of mu anslyle in a systen or method
of the invention can be provided in real-time at the point-of-care. Real-tinte detection integrated
with 2 healthcare central database system can allow for the creation of complex longltudinal data
series acquired by an immpnoassay device.

602161 Fig. 12 demonsirates an exemplary system of the invention, wherein a bealth care operating
system comprises data infrastractare, models and algorithms, and sofiware appiications. The data
infrastructure can be used by a pharmaceutical company for elinlcal triaks acrass an entire
pharmsceutical pipeline. A model or algorithim of the bealth care operating system ean comprise, for
examnple, predictive and dynamic, multivariate, multi-dimensional models that can be custorized for
program-specific objectives and thet can map discase progression and regression. A gystem cen be
integrated with back-end algorithms, models, and data in the data infrastrycture. For example, a
system can trangmit individualized content to users on device touch-soreens or moebie phones. The
feedbaclk may assist with behavior modifieation and increase compliance with therapy, The
algorithms described berein enable correlation of blood data to efficacy dynamics profiles, behavior,
lifestyle, diet, and side-effects.

{08217 Content can be based on data for patient classes, which recognizo physiclogical and
psychological pre-tispositions as well as local socio-environmenta] influences, In another
embodiment, a system can link vsers theough social networks, where siccess stories conpound
through the combination of each taflored home health systern with a given therapy,

{65212 The health care operating system can interact at the point-of-care with consumer systems,
such as an assay cartridge, an assay reading device, or 2 mebile device such as a cell phone, The
field units can be integrated with point-of-care home and mobile monitoring systems. Field units can
be remote, portable paticnt care systems and can provide on-site, real-time, automatic processing of
caxtridges for blood analysis. Fa sorne instanoces, field units comprise n yser interface, allowing
patient to initiate assays and graphically enter & variety of relevant information, such as: patient
diaries, environmental, behavioral, and psychological information, and two-way communication
system from the instruments fo medical personnel or mobile phones and back to patients with
relevant content, messages, and health information. Ju some instances, blood zod environmental data
is automatically {for example, wirelessly) trapgmitted into modela in real time.

[6821%] As deseribed herein, a health care operating system can comprise information integration
and exploitation infrastructure that permits, for example without lmitation: daia acquisition and

storage of point-of-care results in real thne, integration. of blood parameters and patient diary data
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with all other physiologically relevant information, and a central mathematical sofiware program,
The cemdral mathematical software program can graphically visualize, belp to inferpret, and snalyze
all data in one place and link any new information inio a discase management system that then maps
the information onto a probability space of clinical outcomes. A health care cperating systern ora
field unit can provide a graphical display of clinically relevant and actionable information back to
the haalth care provider and/or the patient or user.

[#9220] Possible applications for a healiheare system of the invention include, but are not Himited (o,
an integrated link to an adaptive clinical trial or healthcare management system, drug and systems
combinations for post-prescription monitering, a healtheare operating system {for example, a server
controlied point of care whole bivod monitoring systerss), and identification of correlations o
cfficacy of key compounds during clinical studies.

802211 I an embodiment, a systom can provide a graphical portrayal of integration of available
data sefs to & nser.

[60222] In another embodiment, a system of the invention can penerate data that may serve as
historical data in future studies. A systom can be customized according a the needs of a user, for
example, extracting refevant information from a pharmaceutical company’s existing databases, a
central mathematical software program which allows a pharmaceutical company to visually see,
interpret, and analyze all of their dats in & place and is Hnked to a clinizal trial system.

[00223] When utitized with clinical trials of phermaceuticals, a system of the invention cen provide
an understanding of compound efficacy, dissase progression aud paticit response that way not be
possible using the conventional blood testing infrastrusture.

[O0224] A database and a Iwaltheare system can be customized to monitor trends protein assays over
time and their relationship to dissase progression across different indications while accounting for
the other relevant variables or biomarkers in the pathophysiology of the diseasc. The customization
can be designed {o automatically incorporate ali relevant data. for use in mapping disease progression
across relevant indications and are the foundation of historical date. The maps and baselines can be
uged in designing future studies and in fdure studies 1o extract better informmtion from blood test
resuits and provide sarly reads on efficacy across different indications.

[00225]Fig. 13 demonstrates an exermnplary datsbase comprising au oniology of biomarkers that are
related some types of medical conditions. For exarople, sepsis as a disease is cafegorized ag 4
pathoplysiology and is linked i this ontology to Acute Liver Failure (ALF), Disseminated
Intravascular Coagulation {DIC) and the like. Each of these pathologics can be considered a
sequellae of sepsis in the context of this ontology. In ihis example, a drug used 1o troal sepsis is
CyioFab. In some instances, the sequellae can be characlerized by the spectra of biomarkers as
deseribed in Fig. 13. For exampls, ALF is characterized by specific patterns of ALT, AST, GGT,
and Alkaline phosphatase,
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{08226} In an aspect of the invention, the tethods, devices and systems disclosed herein can
compriss  healthoare aperating system. A healthcare operating system can compiise 2 central
control system for delivery of ¢are to consumer and for an economic model for payors and payees.
{06227} In an embodiment, a healthvare operating system can provide an early system possibly 1o
detect the opset of disease. A gystem can further comprise a learning engine that ties to the
preferences of a user or an iuserance previder based on dmyg availability, targeted response rate, or
payment siucture,

06228} A computer system or server of the mvention can include a dynamic learming engine, for
example, a3 the system or server receivea data, the operations of the system or server can be
updated. A system or server can also call in 1o siloed databases, exiracts, and locally store
(permanettly or tesporarily) information in a central data repositery.

{00229) In gnother emboditnent, a bealtheare system can comprise a communications portal for a
user to communicate an arvay of infonmation to the system, such as weight, nicotine consumption,
food consumption, exercise, and phynchiatric variables.

[08230] Fig. 14 illustrates an example hierarchy of a healthcare operating system of the invention.
The centrsl operating system has access to a data infrastructure and monitoring devices for obtaining
subject dats, As demonsirated in the example in Fig. 14, the data infrastructure can comprise a
search tool, commuication links, analysis of dats, and applications. For exmuple, a communications
link can commmunicate to a consumer, chinician, or HMO, A clinician can use the informstion for
simplification and effectiveness of hiz decision making or as s data/knowledge base background. An
HMO could for exarople receive information of a clinieal trial, such as drug efficacy and the costs of
the drug use, Analysis of information in the data infrastructure as illustrated in Fig. 14 caninclude
generation of a trajectory, Tuzey logio puidence, collaborative fillering predivtion, disease maps, and
data reports for clinical trials or new drug discovery. Exampies of applications of a data
infrastructure include reports (public or private), alents {for example alerts of 2 user, clinician,
clinical irigl, or a phartnacy), and dynamic, adjustable irials,

104231 Alse demonstrated in Fig. 14 is the hierarchy of information received by the exemplary
operating system from sonitoring deviees, The devices and operating sysiem can moenitor and
release drugs if necesssry. In a prefersble embodiment, the devices monitor anaiyies in a bodily
fuid. For example, when montoring biood, the devices may be capable of exeenting preseription
blood tests for a clinicai or preventative selling or evaluaie drug systems as demonstraged.

002321 Fn any aspect, a system is disclosed that sclicits input from the user or his agent (for example,
a physician) to facilitate a conversation between the subject sid his agent about the status of the
person’s health at a time, Examples of input that can be soliciled by a system include, but are not
limited ke, establishing alert levels, medical notation, and personal notation. The system can acquire

clinically relevant information sbout a person and place the inforination in 2 physiclogically-
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reasonebie contexf. Bxampies of clinically relevant information include, but are not limited to, age,
gender, race, medical history, and genomie information.

[00233] In an mbodiment, time dependent data can be representative of overall clinical health or
response, including a disgnosed diseass condition thet requires monitoring, & response profile for a
particular drug or combination of dnugs, or subject abserved observations of his healih.

109234} Caleulated or observed information can be provided to & user, Examples of asers include,
but are not limited to, a patient, a physician, a clinical monitor for a clinical teial, and ofher medical
personnel.

{00235] Information cen also be integrated into a central repository for inclusion into, for example, a
medical record or a clindesi trial report.

{00236} Fig. 15 demonstrates an exemplary system of the nvention wherein an analysis database can
receive information from a database containing data from a reader or cariridge database, historical
databases, a patient database that can contain data eplered by a patient, and a customer dalabase.
Other featores of a system of the invention are demoostzated in Fig, 15, The system is capable of
performing analysis on data received by the system. The analysis can be any method as described
herein and can include developing or uiiiizing a diseasc map, using statistics for a statistically
analysis of information within the system, reports or graphs, and/or a combination of the different
methods as described.

[06237] Fig. 15 also illustrates a user interface that xaay be utilized in a system of the invention. The
user interface can internct with any of the compenents demonstrated in Fig. 15. In a preferable
embuodiment, the user interface allows 2 user to interface with the system 1o determine test dats or
anglysis ontcomes, such as physiologicstly relevant information. Tho user interface inay be & touch
soroen, moniter, keyboard, mouse, or any other e that allows 4 user to interact with a system of
the invention as woukd be obvious to one skilled in the art.

[80238} As shown in Fig. 15, a system can be utilized to manage & reader or poiat-of-care device,
This can include management of a cartridge 1o be inserted into the reader for messuretnent of data,
For example, the system can provide the reader a prolocol for runsing an fmmunaassay of the
cattridge. A systemn of the invention can. also provide information to the reader for calibration of the
immunoassiys run on the cartridge that ase run or executed by the reader. Reader managernent can
also include information for assigning the reader for the approptiate rending system for reading an
immunoxssay froni a point-uf-care cartridge. Reader management can also include corrective and
preventive actions (CAPAY), which is an instrumest of integrated and comprehensive comphiance
management. An element of the CAPA approach is an effective and systematic processing of quality
deficiencies, errors and malfunctions with the goal to provide appropriate corrective acilons and
consistently prevent a recccurrence of non-conformanee situations. The CAPA strategy was

developad by the Food and Drug Administeation {FDA) for the inspection of medieal products,
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[09239] Systems and methods deseribed herein can be used for phammaceutical clinical trials. fa
some inslances, the systems and methods accelerate trial imelines by an average of 18 months. In
some instances, & system or meihod herein may provide dose-reaponse and efficacy dynamics
profiles in less than 1§ months, less than 15 months, less than 12 months, less than 10 months, less
than & months or even fess than 6 months. Real-dime phanpacokinetics and pharmacodynamics may
provide better efficacy and mare safety information. The methods herein nay also decrease the risk
of toxicity slowing spproval or restzricting use by shifting dose across: sub-populations, eoncomiteant
medications, and multiple indications. In otier instances, a system or method herein can improve
predictive visibitity into pathway dynamics. A model as describe can produce predictive insights and
power strategic decisions. A system can suppor communieations with regulatory authorities
interpationally and can facilitate ‘learn and confirm’ strategy for adaptive clinical trials.

[60240] A. system horein can include a data management system. The data management system can
be operated through a plurality of devices or systems, or by a single central server. An examgple of
duta managemend of a systen of the invention is shown in Fig. 15. A dnta menagement system can
receive input or output froin, Tor example, & point-of-care reader, 3 database (such as an analysis
database or a historical database), and a terminal (such as a user interface). A data mapagement
syster: can also conduct storage management, for example, storage of a patient’s individual data or
storage of information refated to a partivular disease or drug profile. For example, if using a system
nod/or methed of the present invention (o conduet a clinical trial on s experimental drug, the data
management and storage managoment systems can reeeive data from the point-of-care from 4
reader, and then store the infortnation in databases for avalysis of the data, Both the patient data and
the analysis dala may then be stored for future use of a system. For example, if one side effect is
noted in a patient in Phase [ of & clinjeal trisl, that side effect information may be used for the
analysis of resuits of 2 patient in Phase I8 of the clinical tzial. As apother exaruple, a disbetic
individuat 1ay receive a glucose meagwrement at an earlier time, which may then be used to

evaluate the condiiion of the individual at a later titne following another measurement.

EXAMPLE X
0241} Prostate cancer and aati-angiogenesis treatment
[GZ242] A Phase T or Phase Ia clinical tdal for treating a subjeot dingnosed with prostate cancer with
an anti-angiogenic drug allows for dose adiustments during the tdal. The subject is monitored over a
covrse of time during the chinical study. The method of action of the anti-angiogenic drog is to halt
the growth of bloed vessels in and arcund the tumor, thereby depriving the fumor of adequate blood
supply. This may induce izcheinia and rutritional necrosis i the tumor, thereby debulking the

tatmor.
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00243} After the methed of sction is determined, discrete elinical ofcomes are chosen by medical
personnel, such as a physician or ¢linical monifor. The discrete clinical outcomes chosen in this
exmmple are complele response (CR), pertial response {PR), non-tesponse (NR), and adverse drug
reaction {ADR). The ADR related to the anti-angiogenic drug is hypertensive encephalopathy in this
cxample.

{00244 Six biomarkers representative of the clindcal outcome of the subject with prostate cancer are
chosen 1o define the discrete clinipal oulcomes. Tha blomerkers are PSA, TPR, hK2, VUAM-1,
Endothelin-1, and 6-keto-PQF-1-u. Using these biomatkers and the corresponding historical data on
the progression of prostate cancer treatments with anti-angiogenic drugs as well as data from other
subjects in the clindeal trial, 2 cluster snalysie is performed. Bach discrete clinical outcome is
assigned to a centroid of one of the clusters.

[06245} Before the subject is freated with the drug, the subject is assigned a position in the
prebability space based upon the subject’s data from the relevant blomackers. The probabitity of the
subject belonging any of the discrete clinical ovicome classes is determined using the Mahalanobis
distance, from which a probability is calculated using 2 Bayesian estimation. The result of this
ealenlation returng the four probabilities corresponding to the four clinical outcomes of the example.
The position of the subjcct is determined by plotiing the four probabilities in the probability space.
[08246] The probability space cotrespunding to four clinical outcames is graphically displayed az a
aquare in fwo dimensions, The user of the model, in this example, medical persomnel, establishes
rubes for the medical condition of the subject based the subject data’s position and/or trajectory in
the probability space. Each discrete clinical outeome has a line representing the nule established by
the medical personnel, ag shown by the dashed lines in Fig. 16 . When the subject crosses the dotted
line towards the CR or PR conditions, the snbject is substantially free of ADR and has fmproved
higfher progmosis,

104247} In Fig. 16 , the trajectories of two different subjects are plotted, Subject 1 has a trjectory
that stasts in the middle of the probability space and then heads lowards the ADR condition. In (his
example, the medical personnel may notice the trajectory’s speed or sovelerafion and intervene in
the trestirent. When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
alarm is activated. The medicsl personnei react accordingly.

{00248] Subjoct 2 has a trajeclory that heads fowards the NR condition, The dose of the anti-
angiogenic drag treatment is adjusted corregponding to the rules established by the medical
personnel. After the adjusiment of the dose, the trajectory heading changes towards the PR
condition. ‘The oxample illustrates 2 method and embodiment of the fnveation for monitoring a

clinical trial.

FXAMPLE2
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§00249] Sepsis and Auti-ITNK (reatment

097250] Bubjects with confirmed or suspected sepsis or systeric inflammmatory response syadrome
(SIRB) are ireated with an anti-TNF therapeutic during o Phase Tib (dose adjustment allowed) or &
Phase HI (o dose adjustment allowed) clinical trinl. The subject is monitored over a qourse of time
during the clinical study. The method of action of the anti-TNF drug is anti-inflammatory, The drug
is aimed al preventing or cirenrnscribing downstream sequellae of sepsis, Typically, the anti-TNF
drug is given in conjunction with: a broad spectrem entibiotic,

[¢0252] After the method of action i3 detormined, discrete clinical outcomes are chosen by a
physicien. The discrete clinical outcomes chosen in this example are response (R), non-response
(IR}, and four sequellae (disseminated intravagscular coagulation (HC), acute respiratory distress
syndrome (ARDS), acute Hiver failure (ALF), and acule renal failure (AREY))

[06252) Twenty biomarkers representative of the medical condition of the subjecet with confinmed or
suspected sepsis are chosen to define the discrete clinical outcomes. In this example, the biomarkers
fall into maltiple eategories to monitor the different discrete clinical outcomes as defined by the
physician. Lipoprotein Biuding Protein {LBP) biorarkers measure infectious growth and the R and
NR conditions. The LBP biomarkers are LBP, TNF, CRP, IL-6, and TL-8. Biomarkers that are
relevant to the DIC condition are von Willebrand’s facter, Protein C, thrombin, procalcitonin,
neopierin, and PAY-1. The biomarkers of the ARIDS condition are von Willebrand’s factor, IL-6, IL-
8, TL.-1, and TNF, The biomatkers of the ALF condition are ALT, AST, GGT, LD, Alkaline
phophatase, bilirubin, and Protein C. The biomarkers of {be ARF condition are Creatinine and
Cyatin C.

[00253] Using the biomarkers described in this cxample snd the comesponding histotieal data on the
progression of sepsis and the treatment of sepsis with anti-TNE therapeutics as well as data from
other subjects in the clinical trial, a cluster analysis is performed, Bach discrete ciinical outeome is
assigned to a centroid of one of the clusters,

{00254] Before the subject is treated with the drug, the subject is assigned a position in the
probahility space based upon the subject’s data from the twenty biomaskers, The probability of the
subject beonging (o any of the discrete clinical ouicome closses is defermined using the
Mahalanobis distance, from which s probability is caleulated using & Bayosian estimation, The result
of this caleulation returns six probabilitics corresponding to the six clinical outcomes of the
example. The position of the subject is determined hy plotting the six probabilities in the probebility
apace.

[00255) The probability space corresponding to the six discrete clinical outcomes is graphically
displayed as a hexagon in two dimensions. The physician establishes rules tracking non-responsive

subjects and possible advent of sequetlae. The rles are plotted on the hexagonal graph as lines as
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Hitugtrated in Fig. 17. The medical condition of the subject is based the subject data’s position andfor
trajectory in the probability space,

{80256] In Fig. 17, the trafectories of two different subjects are plofted. Subject 1 has a trajectory
that starts with a high probability of being a member of the IIC condition. However, as the
subsequent time points are taken, the subject trajectory moves away from the DIC condition and
towards the N condition. When the physician notices the frajoctory’s speed and heading, at T = 6,
he raises the dose. AT =19, the suhject’s position in the probability space has a high probability of
being part of the R condition. The physician assesses the medicn! oondition of the subject at any
point in titoe along the subject’s frajectory.

[06:257} Subject 2 has a trajeciory that begins in the middls of the probability space and heads
{owards ihe NR condition at T = }. However, at T = 2, the subject’s position and irajectory are in
viokation of the rule established by the physician and an alam i3 sounded. The alarm zlerts the
phiysician that the subject bas s high probability of suffering from one of the dangerous clinical

outcomes of sepsis,

EXAMPLE3
{00258 Diabetes sud Insplin Senyitization
{50259} Subjects with non-insulin-dependent Type 2 diabetes are treated with o commerciaily
available insuiin sensitizer and are monitored for elficacy and safety wherein the primary ADR of
coneer is congestive heart faiture (CHE). The subject is monitored over & cowrse of time during the
clinical study. The method of action of the insulin sensitizer involves re-establishing insalin
sengitivity in the subject via antagonism of a nuclear receptor in the adipose tissue and the liver. The
insulin sensitizer and method of action act to inorease glucose uptake i the peripheaal fissues apd
thus reduce the cireuiating glycemia,
[06260] A subject and a physician choose the best set of discrete clinical cutcomes and rules for the
stbject based on personal nformation. Fhe discrete clinieal owteomes are response (R}, non-
response (INR), and adverse drug reaction (ADR), The ADR 18 congestive heat faillure,
[00261] After the three clinical outcomes ave chosen, biomarkers most representative of the medieal
condition of the subject ave determined by discriminant analysis. The biomarkers tepresentative of
efficacy of the iusulin sensitivity treatment are glacose, insulin, adiponectin, and resistin, The ADR
of congestive heart failure idontifies the representative biomarkers as Brain natriuretic peptide
(BNP), aminc-terminal-pro-BNP (N-BNP), sirisl natrivretic factor (ANF), H-1p, Tropenin-C,
Cerdiac fatty acid binding protein, Myosia light chain-1, Myoglobin, MMP-9. Using these
biomarkers and the corresponding historical data on the type 2 diabetes, a cluster analysis is

performsed. Each discrete clinical oufeome is assigned fo a centroid of one of he clusters.
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[60262] Before the subject is treated with an insulin sensitizer, the subject is assipned 2 position in
the probability space based upon the subject’s data from the relevant biomarkers, The probability of
the subject belonging any of the discrete clinical outeome classes is determined using the
Mahalanobis distance, from which a probability is celeulated using a Bayesian estimation. The resull
of this ealculation returns three probabilities corresponding to the three clinjeal outcomes of the
example. The position of the subject is determined by plotting the three probabilities in the
probability apace.

[60:263] The probability space comesponding to three clinical outcomes is graphically displayed as a
triangle in two dimensions. The physician and subject establish rules most important to the
individual diabetic subject. The rules arc to track the NIR and AR conditions. When the probability
of belonging to the ADR condition class increases beyond 2 boundary defined by the rule, an alamn
is triggored. The dose is increased according to a rule when the subject hes a high probability of
being a NR.

[08264]In Fig, 18, the trajectories of two differont subjects are plotted. Subject 1 has a trajectory
that starts in the middle of the probabitity space and then heads towards the ADR condition. In thig
exataple, the subject may notice the trajectory’s speed or acceleration and ask the physician if a
change in treatment is necessary. When Subject 1's irajectory erosses the dotted Yine towards the
ADR condition, an alarm is triggered. The subject may react by going to the hospital,

[06265] Subject 2 has a trajectory that heads fowasds the NR condition. The dose of the insulin
sensitizer is adjusted corresponding to the rules established by the physician and the subject, After
the adjustment of the dose, the trajectory heading changes towards the R condition. The example
illustrates a method of the invention for monitoring a diabetic subject taking a commercial insulin

sensitizer and, with the belp of a physician, monitoring the subject’s own condition at home.

EXAMPLE 4
{60266] Graphical Representstion of the Clinical Guteome of & Subject
{80267} The example demonstrates a method for communication of {he results from the
mathematical model to 2 user. The method s 1o plot a series of peints and vectors in a space
bounded by a pokygon, The vertices of the polygoen represent the centroids of clusters of discrete
clinical outcomes. The position of the polnts represents the probability that the subject data belongs
to cach centroid. The probabiity of the point belonging to the diserete clinical outoorne is inversely
proportional 1o the distance of that point from the vertex. Since the vertices represent all the
significant clinical outcomes, the s of the probabilities for a given point must be 1.
[00268] A set of vectors Is creatod where each value of a vector represents the probability of

membership in each of the elusters. The modulus (magnitude} of the values is the probebility and ihe
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arpument (angle) of the vector points to a vertex, which are egually spaced. The vectors are susmed

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

Table 1

THacrete Clinicai ouicome

Time Point R NE ADR1 ADRZ ADR3

1 20 20 20 20 20
2 25 iG 23 20 20
3 30 10 20 20 20
4 40 10 10 n 20
5 50 1a 10 19 G
6 66 140 18 10 18
7 80 10 5 5 0

8 100 0 0 i 0

|$0269] For example, in Table 1, each row represents the position of one point, The columns,

labeled at the top, represent the probability that the point is a memwher of that cluster. So, in the first

Tow, the probability that the point is in cluster “R™ is 20%, that it is in the cluster “NR” iz also 20%,

and so on.

[BG278] For the data in the table 2 graphical representation is ereated as illustrated in Fig. 19. We see

that the surrounding polvegon has five vertices, each labeled as one of the cobumng in the tabolar data

above, The fiest point of the set, at the tail of the chais of arows, iz at the center of the drawing,

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

others, in this example, 19 the rajectory grows through tioe, the probability of the subject data
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reaches a final posnt that has 100 per cent chance of being in claster “R™ and zero per cent chance of
being elsewhere. Correspondingly, the final point is at the “R” vertex.

[00271] Additiopal information can be included in the output of the probability space, incinding the
points representing the data of the discrete clinical outconnes that defined the clusters and centraids.

Fig, 20 illustrates a graphical representation. of the clester data points.

EXAMFPLE 5
(00272  Drug development is an extremely risky proposition. Cver the last decade, the failure rates
for clinical programs have been identified a3 high 90% with an amortized cost of nearly one billion
dellars per approved drug. These failures are dus to any nwmbrer of factors. These include, but are
got limited fo: a faulty hypothesis as to a target’s Tole in the evolution and pathophysiclogy of the
disease; the testing of that hypothesis in an inappropriate, and non-predictive, animal model; a fauity
hypothesis regarding a componnd’a MOA,; inappropriate dosiag schedules for individuals within
target subpopulations, including insppropriate pharmacokinetics/pharmacodynamics (PK/PL}
characteristics; and developing untoward physiological effects (for exanple, Adverse Diyug
Reactions - ADRs) in some segmenis of e pationt population and thus decreasing the therapentic
index for the compound i that population,
{60273} This example demonstrates using a Type | biomarker for a compound within a partieular
therapentic area to: {a) validate the underlying hypothesis segarding the method of action for the test
compound; {b) identify, and then enrich, the appropriate responder subpopulation in a confirmatory
trial; and (¢) develop a truly adeptive dosing protocol based on the individual FICs and PDs of the
responder population.
042741 A real-time mondtoring system is used identify the emergence of thess characteristic
subpopulations ealier rather than later, to efficiently manage and control the clivical trial and allows
the clinical research team make procize decisions regarding frial masagement. On a palient by
patient basis, it dynamically identifies the compound’s effects in ene particular wial subject, and
then physically titrating that patient’s dosing regimen o accoramoedate a traly adaptive “Leam and
Confirmy™ model of drug development.
{00275} Longitusdina] sempling of proteins is performed with esch patient, wherein the proteins
represent boih the pathophysiclogy of the disease and the method of action of the compound. A
standard cluster analysis is applied at each sampie time point in the fongitudinal sanpling space that
is consistent with the evolutionary dynamvics of the pathophysiotogy of the disense, and the
purported methodd of action and PI} of the lest compound.
[86276) Identification of the dynamics of the emergence of separate subpopulations within the trial

sample population can be performed with twe complementary clustering statistics: Cubic Clustermg
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Criterion {CCC) and the Pseudo-f which belp the end-user establish the nurber of clusters
emerging within the geometry as demonstrated in Fig. Z1.

[00277] The end-user uses both the statistics highlighted above and a visual inspection of the cluster
scafter plots to make the final determination as to how mary distinet subpopulations exist in the
clinical study, Guiding this determination will be a fore-knowledge of the rusmber of treatment
{cohort) arms, and any fore-knowledge as to the charaster of & possible ADR. The methodology
will suggest a nummber of clusters to the end user, and will then present each patient as to his/her
cluster assigament. The cluster assignment and the known assignment of a patient to a treatment
cohort ot ADR outcome are then used standard assignreent statistics {o caleuiate both the sensitivity
and specificity of the assignment rule.

{00278} After determining that the clusters are reasonaliy specifie, the dynarmic trajectories of the
centroids of cach cluster ave characterized, their separation speed, and the distribution of speed and
directions of each patient in each cluster. If, for example, one cluster of patients is fairly
homogeneous in that they were all exposed to the conpound at a giver: dose, and if the distibution
of distances, speeds, and directions, suggest that some may be slow responders, then the end user
may decide that those patients should receive 2 higher dose.

{08279] Based on the assumptions developed herein, in silico populations of virtual patients are
croated for each hypotheticel patient subclass. A time dependent Monte Carlo sinulation is run to
identify the emergent clusters. After the simmlation is ras, & new set of mean vectors and covariance
structures is established and the siulation studies are repeated. The sensitivity and specificity of the
clustering assignment tule for each dynamic iy measured and graphically plot as 2 receiver operator
curve, wherein the diagnostic variable will be the time at which the clusters were suggested.
109280] Resulis of the emergent dyhamics by Monte Carlo simulation of the described methods
deseribed int this exampie and results in the following emergent dynamics as shown in Fig. 21. Fig.
21 demonsirates a dynamic subpopulation emergencs based on cluster analysis of a Monte Catlo
simulation of # tero-cohort clinical design. At Time = 4 thers is significant evidence for the
emergence of two clusters while by Time = 8 the bifarcation is complete and the sensitivity and
specificity of the method arve both 160%. Fig. 22 demeonstrates plots of the cluster calling statistics
versus the hypothetical number of clusters at Time = 4. Fig. 23 illustrates markers of clinical effect

with the sepregation of the marker space as a function of dose at the end point of a ¢linical study.

EXAMPLE ¢
[08281] Identificntion of type T bomarkers indlcstive of perfodic dosing regimes
{09282} Periodic dosing, a5 a therapeoutic srategy, is a muinstay for the treatment of many ehronic
discases or conditfons. Foremost among these are anti-cancer chemotherapy regimens and

treatinents for sutoimmune dizesses. Whether therapeutically or in the context of an adaptive
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clinical trial, tie ability to both monitor and charactesize efficacy and toxieity profijes fora
particular dosing regimen in any given patient provides the clinical professtonal importent
inforemation regarding the uitimate efficacy of histher dosing strategy. The benefit of such a
feedback mechaunism is that the feedback is timely and represents the mechanism of action and
olinical impast of the compound. For example, in cancer chemotherapy, the feedback is provided by
imaging technologies that help quantify tumor burden, which in many cases is not timely.

[66283] This example characterizes the porioticity of the molecular efficacy measures to identify
tretuds and other measures of chinical relevance (for example, increasing refractory response} to
further aid in elinical decision making. As demonstrated herein a real-time feedback monitoring
system can acoount for (he periodicity of the dosing regimen and characterizes any chinically trends
i the data.

{00284] The system can be a statistically valid and robust methedology which dynamically
characterizes the time-dependent profiles of molecular mackers of drug activity in periodically
treated patient subpopulations which then uses that information as a real-time feedback monitor for
optimizing the therapeutio regimen.

[00:285] The protsin profiles of a treated population act in accordance with the undertying hypothesis
regarding a compound’s mechanisin of action, they should, as a eonglomerate pattern, reflect the
periodicily of the treatment regimen, and taken as a whole, act as 2 Fype 1 Biomarker for compond
activity at the site of action, Additionally, if there is evidenee that the periadic eapression of these
profile proteins changes with time, the trend of that change allows a clinician to adjust the dosing
reghmen for example in frequency and/or dosage to individualize the therapy.

[00286] Applying & time series-hased statistical methodelogy to the ongitudinal (within an
individual patient) protein profiles systematically accounts for the periodieity of a given dosing
regimen within an individnal patient and using that information 1o fdentify snd characterize the
emergence of any clinically relevant trends in the response. This knowledge can then be used to
both moniter a therapeutic regimen in an individual patiert and to design and manage the dynamics
of an adaptive clinical trial.

{66287 By developing & valid longitudinal Type 1 biomarker for 4 compousd’s activity in the
context of a periodic dosing regimen wiil: (a) validate the underlying hypothesis regarding the
method of action for the test compound; {b) idenlify potentindly relevant elinical conditions
comprising: growing refractoriness to the compound, targes response to the regimen, and then adjust,
as appropriaig, the frequency or dosapges of the trestinent itsctl and (e) develop an adaptive dosing
protocol based on the individual PUs of the respondar population,

{67881 Using real-time monitoring and fzedback to identify the emergence of thess chax‘actcristic
dynamics aids the clinician (o make sore precise decisions regarding patient treatment and/ar irial

WAnagement,
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[00289] A statistical Time Series analysis is used to chatmclerize the periodicity or seasonality of
marker proteins in a patient suhjected to periodic treatments similar to those eroployed in cancer
chemotherapy, weekly mefhotrextate injections. The system adjusts for the seasonality of the data
train as shown e Fig, 24 and de-trends the responses as necessary, a one or two lag differencing
scheme as applied to Autoregressive Integmated moving Average (ARIMA) Models, to characterize
the actual response profils of 1he patient to the therapy stream. Fig. 24 dernonstrates palient data
showing the seasonality of two type 1 biomarkers over time. If two or more proteins markers are
identified as markers, any temporal relationships between them: (for example without Hmitation, the
levels of drug in the blood and/or clinical readout) can be identified and characterized vsing
Distribuied Lags analysis in the same modeling context, Bach analysis depends on explicit
characterization of the time-time correlations observed in the time series, the Autocorrclation
Function ( ACF} and its related Partial Autocorrelation Function (PACF)Y). Each of these fimetions
can be represented as a vector of correlations which are functionally dependent on the lag between
messures. The fanctions can be used to identify Jinear trends in the data, periodicity in the data, and
nonfinear curvature dynamics in the data. The fisnctions themselves can be visualized for inspeciion
using histograms calted correlograms. Onee the data is de-lrended and the periodicity accounted for,
the individual spikes in the marker profiles are analyzed to see if the compound is working as
expecte].

100290 The first step involved in developing this methodology is identifying those proteins that best
represent both the pathophysiology of the disease and the purpotied method of action of the
compound. Onee established, these proteins are sampled longitudinally io each patient.

902911 Based upon the expected seasonality of the freatmen! regimen and the frequency of the
therapeutic dosages, an appropriste sampling frequency is established to ensure that the suspected
periodic expression of the matker proteing will be captured in the sample data sets.

[06192] The system sutomatically generates and inspects difference time series with 0, 1, or two lag
differences comprising ARIMA (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares
them to the best fit through Root Mean Square Error, thus appropriately de-zending the data to
make the series stationary, Onces a stationary series has been established, the de-trending parameters
comprising the siope of a linear trend line is estimated from the data, and an ACF and PACF for the
stationary series is generaied.

1502931 Any periodic expression patherns are identified and characterized as the period of the peaks
and their subsequent amplitudes. An example of this is shown in Fig. 25 demonstrating a time geries
of a biomarker value versus the time of chemotherapy delivery,

100254} When roultipls time series are involved comprising two or more protein markers andfor
Ievels of compounds i the blood, a distribuied lags analysis is performed to identify and

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

[00295] A Monte Carlo siraulation of the methods described above using four time series were
generated using a stationary time series, a time series with linearly increasing slope, a time series
with exponentially decreasing affeet to mimic patient-drug attenustion, and a stetionary time series
with linearly decreasing peaks, to model patient-drug adaptation or up-reguiation of metabolic
pathways.

EXAMPLE 7
{00296] Time to ¥Fover Spike nud sepois from time series measurentents of Xevels of Clreulating
Pyrogens and other biomarkers.
[00297] A patient with Acwie Myeloid Leakemia {AML) undergoing iv-patient chemotherapy was
monitored using the methods and systems described herein with sampling of blood every four to
eight hows. The patient’s temperature was also monitored frequently. 116 elevation (> 1000-foid
between conseculive measturerrents) was foumd at time designated zero in Fable 2 and # significant
decling >30 % between consecutive measuremnenis 14 hours Iater. Fever was first noted eight bours

Tater. The methods herein would have anticipated the subsequent recognition of sepsis by § hows.

Table 2
Tirne, hours Bvent
0.0 First elevation of IL-6
84 First fever
4.3 Significant decline in protein-C

223 Septic shock
27.2 Patient admitted to 101

{05298] The systemm identifies the relationship between the time to a fever spile during aggressive
chemotherapy of leukemia resubting in fever and dramaticatly changed levels of cironlating pyrogens
(Protein-C, IL-6, I1-1bota, TMNF-alpha, IL-10}. This is performed by cmploying standard statistical
modeling methodologies. The system can be generalized to other situations whers sepsis cocurs. It
can also be employed for other sitwations where sigaificant digease processes and outcome of
therapy can be beneficially projected.

{99299] Science and engineering often invokve using easy-to-measure variables, called factors or
independent variable factors to explain or predict {he behavior of other variables, called responses.
When the factors are few in number, nol gignificantly redundant (non-collinear), end have a well-

defined, functional relationship to the respenses, one can use multiple inear regression to
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characterize that relationship, However, if any of these three pre-conditions should fail, multiple
linear regression may prove to be inefficient or statistically inappropriate. In that case, one may
employ an alternative modet building sirategy termed Partial Least Squares Regression. This
methodology is particularly usefal when there are many factors that might be highly co-linear, and
when the relationship betwoeen independent variable factose and dependent variable response is ill-
defined. The aira of this type of analysis is to construct 2 good predictive model.

[06366] Anticipating the time to a Fever Spike based on statistical models using levels of several
circulating pyrogens. Fig. 26 demonstiates the relationship betwoen parameters computed from
circulating pyrogen levels measured over time and/or and the time-to-spike (also labeled Lead
‘Time). The mate of change and shape of the paramefers over time is detenmined by the incidence,
time of jnfestion, extent of infestion, nurnbers of organisms, virulence of the organisms, and the
condition and genetic make-up of the patient, The activation threshold is the point at which the
hody physiology begins to generate a fever spike. The detection threshold s a parameter level at
which some therapeutic intervention is indicated. The system determines the relationship between
the pyrogen levels and the dependent variable in the model, Lead Time, enabling prediction of fever
spike early encugh to intervene with beneficial outcome,

[80:301] This mathod and data provides enables aniicipation of the time patients are most hikely io
experience a fever spike. The physician can then preempt and/or ameliorate the onset of the fever
svent, for example by providing prophylactic antibiotic therapy.

180302} The freatment of patients with Acute Myelogenous Leukemia {AML) is used agan
exemplary case. Such patlents are often ireated with a course of induction chemotherapy (in-patient
chermnotherapy typically using more than one drg and intended to eliminate all cancer celis}. An
undesired side-effect of the industion chemotherapy is usually febrile neviropenia. This ocours
hecause infectious microorganisms can invade the patient due to the inactivation of setive immunity
by the chemotherapy. The definidon of febrile neutropenia is the fever spike, a clinician defined
state in which the patient’s temperature measures greater than 39 degrees Celsius or in a six hour
period two conseculive patient temperatures measured greater than 38.5 degrees Celsius.

[B9303] Fever, as a defense mechanism, resuits fiom the effects exerted on the hypothalamus by
cireulating cytokines, called pyrogens. These cytokines emerge from the immune system doring an
inflarnmatory response. The best known of these are 116, TL-1 beta, and THF-alpha, The purpose
of this example is 1o identify a patiern of circadating pyrogens leading up to a fever spike, and, from
them, build a model that best anticipates the time-to-spike.

{00304} The methods developed in the studics may be peneralized to generate a monitoring means in
other high-risk disesse states and ithempoutic procedures,

{84305} The systern builds a statistical model characterizing the relaiionship between the Gime-to-
spike and the cireulating Jevels for two parficular pyrogens, IL-6 and I.-1 beta. The system, while
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independesnt of measurement means, requires frequent sampling in the period prior to the fever spike
(abywhere from 3 to 6 measures per day).

[08306] The first step involved in developing the methodology requires one charscterization of fever
irs weil defined categories and to identify, as closely as possible, the time of the first fever event.
‘The definition chosen was that either the patient’s temperature measures greater than 3% degrees
Celsius o7 in 2 six hour petiod or two consecutive temperatures are recorded greater than 38.5
degrees Celsius,

100367) Individual patient date for the circulating levels of 1L-6, IL-1 beta, and THF-alpha and other
biomarkers were recorded in a database, based on the sampling interval. The samples in the study (3
measures per day at B-hour increments) were subjecied to post hoc analysis, and used to populate the
model.

[00308} These markers were selected based upon & nunber of current studies which show that
patients with Sepsis Syndrome have elevated levels of circulating 111 beta, TL-6, and TNF-alpha
when compared with critically ill patients without sepsis and normal controls (Casey, L. Annals of
Internal Medicine (1993) 119;8:771-778).

[$030%]IL-6 predominately regulates the synthesis of CRP muade by the hepatocytes (liver) inthe
acute phase response. Transcription of CRP is also regulated somewhat by TNE and IL-1. CRPisa
pentraxin protein which binds to phesphocholing on bacterial cell walls, eodogenous cell
membranes, and agoptotie bodies. Inflammation cansed by infection/ sepaiy, inflammatory end
autoimmume disorders, ttaumatic infory, and some maligaancies, CRP is seen in fncreased amounts
making it a useful bionmarker in monitoring sepsis and infection. CRP production is not affected by
neutropenia, Thete Is an abundance of ierature which focuses on CRP fevels during neutropenic
fever and in diagnosing the severity of febrile incidences.

[60310] Protein C is anti-coagulant protein that is synthesized in the liver. It plays an important role
in maintaining coagnlation homeostasis. Protein C is activated by thrombin into an active protein
which along with pratein 8 and phosphelipid as cofactors, it cleaves coagulation factors VIl and 'V
thus inhibiting coagulation. Recently, Protein C's anti-infiammatory responses have been
discavered.

{0931 £} Patients with sepsis and septic shoek have Protein C depletion which may have a role in the
pathophysiology of sepsis. Improvement was secn in a specific subgroup of patients by
counteracting Pratein C depletion by the addition of activated Protein C. ProteinC canbe usedasa
biomarker in the disgnosis of sepsis in patients and s s therapeutic agent. Cae study found that
concentrations of Protein C are proportionate with severity of neutropenic sepsis at fever onset.
[60312] Ten adult lenkeria patients receiving chemotherapy were carofled. Blood samples wers

taken every 8 hours prior to the enset of the {ever spike and then every 6 hours until the end of the
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observation period. Biomatker analysis was performed on these samples. Patient sampling of §
hours prior to fever spike and 6 hours after fever spike observed.

003 13] A Pertial Lenst Squares modef was constructed based on the pre-spike (36 hour window}
measures for IL-6, IL1-beta, and THF-alpha and their sample-to-sample fold changes. Given the
data set devived from this study, 2 minimal sampling period of 8 hours and a minimal window of 36
hours pre-spike is sufficient to derive an antieipative model of fhe time fo spike.

[00334] Guantitative Bicmarker concenirrtion data waz derived using well known ELISA
immunoassay known to measore JL-6, 1L1-beta, and TNF-alpha, Concentrations measured in
pe/rol, and sample-to-sanaple fold changes in concentration were recorded and anatyzed as foilows,
[60315] The concentration data were first visuably inspected for Gaussian cormality. Because they
were log normally distributed the data was transformed by calculating thie log of the raw data
measures. Based on these measures, an initial Partial Least Squares regression model was built that
included all three pyrogens and their fold changes from sample to sample. This model characterized
the amount of variation accounted for 1o the covarianee struetares of the dependent vectorg (iimes-
to-spike) and the independent vectors {pyrogen levels), In this data set there were more independent
variables than degrees of freedom. To address the problem, standard statistical model building tools
like top-down climination and botiom-up addition were employed.

[69316] The full medet (JL~6, TNF-alpba, and 1L-1beta, and thelr sample 1o sample changes)
accounted for the percentage of the variation in the whele medel covariance structure and the
percentage of the variance in the dependent variable {time-to-gpike). Using feature selection
processes comprising and net limited to bottom up model buiiding and top down model bujiding, a
series of seven stb-models were developed.

[06317] The chosen model included log(YL-6), log(TL-1 beta), log(sample-to-sample fold change IL-
6), log(TNF-slpha), and accounted for 93% of the toial model covariance and 27.5% of the variance
in the dependent varialle (Hie-to-spike).

{00318} The model is given by a standard multiple jinear regression equation with the following
parameter sel: intercepl = 36.5; log(IL-6) = -8.0; log{IL-6 fold change} = 2.4; log(IL.-I beta) = -0.3;
and log{TNF-alpba} = 4.4. Each measuze is a point-in-time measurs at the observed time-to-spike.
For exampie, 24 hours prier to the fever spike, the log of the concentrations of H.-6, IL-1 beta, and
their sample-to-sample fold changes from the 30 hour time point are added to the moded using fited
parameters, meaning the coefficients of the linear model,

{60319] The final model was selected from the seven 1018l sub-models because it accounted for the
highest lovel of the percentage of variance in the dependent veetor, The final mode] included Jog(IL-
6), log(IL-1 beta), and the logs of their sawple-fo-sample fold changes as anticipators of timeo-
spike. The size of the anticipative window of 36 hours was selceted by clinical relevance but is not

limited to that anticipative window. The selected model equation is as follows:
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Thme-fo-apike=36.6-8*log(FLE)+2.4"Lag(LL-6 foid change)-0.3*Log(lL-1
beta A Log(TINE alpha)
{80326 The results of the 10 padients were evaluated in this exemple for their biomarker putterns in
the 36 hours prior to fever spikes. The data for each of the pyrogens aed their sample-fo-sample fold
changes are in Figs. 27-32. Fig. 27 is the IL-1 beta concentration versus titne point number. Fig. 28
is the sarnple-to-sample fold change for 11.1-beta versus time point number. Fig, 29 is the 1.6
conventralion versus time point sumber, wherein patient 4 became septic, Fig. 30 is the sample-to-
sarnple fold change for TL-6 versus time point number, whersin 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 mimber.
[06321] The model anticipated the time-to-spike in ali patients and expiuined the percentage of the
varianes observed in the dependent variable. Patient § had ATRA syndrome and thus is cutside the
patient population nsed to constiuct the model.
{80322] The residual plot for patient 5 is given in Fig. 33. Patient 5 has a fever spike and no
decreasing markers. Temperature in degrees C {right scale) bivmarker concentrations given in
pe/mil, wherein IL-6 is a 10-fold increase, not necessarily indicating sepsis. An analysis of the
residuals suggest that the model anticipations for the peried between 12 and 24 hours prior to the
fever spike are non-systematie, meaning randomly distiibuted about the zero-axis and the size of the
residual is no more then the percentage of the anticipated tire-to-spike, which is anficipated by the
model using the equation 1.
[09323] For patient 4, the model anticipates a time-to-spike of 3.3 howrs when the actual time-to-
spike was 7 houss, and, st the other extreme, anticipates a time-to-spike of 31.9 hours when the
actnal tine-to-spike was actually 34 bours as demonstrated in Fig, 34. Patient 4 datn points showing
deareasing Protein-C with incrensing IL-6 just prior to fever spike. Normalized parameter is the
ratio of the (parameter vajue at time t minus the lowest value in the range) to the difference between
the maximum and minimum valiee of the parameter. A residual analysis for Patient 4 yislds an
excellent fit fo the data measured in palient 4, meaning the residusls are randomly distributed about
the zero axis, and no residual is greater than 20% of the anticipated time-to-spike, as degived fiom
equation 1.
{00324] In conciusion of this cxample, induction cancer chemotherapy is only one of the underlying
etiviogies of sepsis. Others inctude, but are not limited to, severs burn and thersnal njury or
Urasnatic tmjury. In burn and fraumatic injury, the patient expresses an alteration in the immune
systeni resulting in a predominance of the T Helper-2 Lymphocyle phenotype, where the phenotype
of the helper cell population switches from Thi to Th2, This is termed the Thi-to-Th? gwitch and
makes the patienl roore sugceptible to the onget of infection, Fig. 35 is a schematic of the Thi-to-
Th2 switch and the cytokines representing each phenotype. Once the patient becomes infected, if



the undertying pathogen is identified, the rate and spread of infection can result in a systemic
inflammsatory response which is called sepsis. Xf the patbogen is unidentified, the inflammatory
response is termed Systomic Inflamamatory Response Syndrome (SIRS). Thus, the underlying
etinlogy of progression {0 sepsis can be captured as 2 process divided into three physiologically
distinet intervals: Susceptibility to Infection, which is represented by the Th1-Th2 switch,
progression through infection, and the onset and progression of sepsis/SIRS, The markers relevant fo

the mopitoring of each stage are shown in Table 3.

Table3
Sepsis Onsei and . Sepsis Onset
Sequeliac a. Protein C”
b. H-1beta”
e 15"

d. Procalcitonin
e IL-10
. DIC
a. Von Wiliebrand Factor
b, Procalcitonin
¢. Neopterin
d. TNF-a
g, Protein C
i. PAF1
g. (Pro)Thrombin
. ARF (Acute Renal Failurs)
a. Creatinine
b, CystinC
V. ARDS
a. Yon Willekrand Factor

b. H-§

c. -8
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d. -1

e. l-1ra {IL-1 rsceptor agonist)
f. TNF

V. ALF (Acute Liver Failure)}

a. ALT

b, ABT

c. GGT

d. LDH

. Alkaline phosphatase

f. ProtsinC

q. Cyickeratin-18 fragments

[#0325] Fig. 36 and Fig. 37 dernonsteate that the yystein tyes a1 egaation that is anticipative of
sepsis using e Squared Maholanobis distance equation and Bayesian Probability. The Squared
Mahsianobis Distance is:

DP(x) = (y — %) E-1() where j=1,2,3
and the Bayesian probability is:

Pr(j|x) = exp(-0.51% (x)¥Eexp(D.5T4 (%)
wherein p is the mean vector representing the centroid of the patient population and j is the three
different outcomes (sepsis, fever, infection),
{08326} Fig. 38 illustrates a graph in time of a plurality of marker proteins for & patient in a sepsis
trinl. The time of the anset to sepsis for this patient is marked and all paiterna leading up to that
point are relevant to the determination that this patient became septic,
{60327 Fig. 39 iBustrales a bivariate time course of two particular markers (protein © and C-
reactive protein) in the same patient, The change in direction in the center of the graph represenis a
rapid onset of disease. T this example, & patient rapidly deteriorated and was illustrated as septic in
a very particnlar region of the bivariate space. In this example, the sampling intervals ave frirly
regular; therefore the length of each line segment reprasents the rate of change of the bicmarkers in

this particular spece.
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CLAIMS

WHAT IS CLAIMED IS:

1.~ A method 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 biological
sample obtained from a 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 measured in (a), generating a subset of biomarkers
from the first set of biomarkers, wherein said subset of biomarkers comprises
either or both of 1) a subset of biomarkers that are more correlative with the
occurrence of the medical condition, and ii) a subset of biomarkers that are
generated from 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.

2. The method of claim 1 further comprising analyzing data reflecting the

concentrations with multivariate statistical software.

3. Themethod of claim 1 or 2, wherein the biological sample is diluted by an

appropriate fold.
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METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES
ABSTRACT
Described herein are methods and systems useful for characterizing clinical outcomes
of a subject. Provided herein includes computer-assessed methods, medical information
systems, and compufer-readable instructions that can aid an end-user in diagnosis,

prognosis, and treatment of a clinical outcome.

Figure No. 1
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