METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES
CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 61/039,721, filed
March 26, 2008, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Conventional methods for assessing a patient’s clinical outcome are primarily based on
clinicians’ judgment and past experience. The conventional methods generally involve laboratory
tests, patient surveys and office visits at isolated time points, all of which are not scalable for a time
series analysis, especially for one that tracks or predicts the trend of a patient’s clinical outcome in
real 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.

[0003] Multivariate statistics are generally concerned with determining a statistical distribution of
an outcome or a series of outcomes based on multiple variables. Inherently, most medical conditions
and treatments are multivariate due to the complexities of the physiology. The discoveries of a vast
number of disease biomarkers and the establishment of 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

[0004] The present disclosure provides a medical information system for subject data analysis. In
one aspect, a system as disclosed is 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,



genetic/ genomic information, data from pivotal trials) into one central repository. The system then
allows 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.

[0005] In another aspect, a system as disclosed 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 (a) an input device for receiving
subject data and in communication with a processor; (b) storage unit in communication with the
processor having a database for: (i) storing data corresponding to a probability space defined by a set
of discrete 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.

[0008] As disclosed, the processor of the system 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.
[0009] As disclosed, the input device of the system comprises a touch screen. Where desired, the
input system can comprise a data entry portal or a keyboard. The subject data to be input into,
processed by, or transmitted as an output by the system can be textual, numeric or a category. Where
desired, the textual or numeric information is solicited from the end user.

[0010] 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] As disclosed, the medical information system comprises 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. As disclosed, the output device of the system transmits selected portions of the subject data and
the probability space in response to instructions from the end user. In yet another aspect, the
information transmitted by the output device is encrypted. In still another aspect, the information
transmitted by the output device represents 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] As disclosed, the input device and/or the output device of the system comprises a user
interface that can remotely access the network.

[0013] As disclosed, the medical information system comprises a network.

[0014] As disclosed, the storage unit of the system stores 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] The present disclosure further provides 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 biological 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 provided 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 mérker; and (c) calculating the position of said subject data in said probability
space thereby characterizing the clinical outcome of the subject. In some embodiments, in practicing
the subject methods, at least steps b and ¢ are repeated at various time points to yield a trajectory
within a probability space, wherein said trajectory is indicative of the likelihood of progression to
the clinical outcome. The subject methods can comprise the step of notifying a medical personnel or
the subject of a need for taking a medical action upon assessing or characterizing the position of said
subject data in said probability space. In some instances, the medical action involves at least one
action selected from the group consisting of altering a dosage of an existing therapeutic agent
administered to said subject, administering a different a therapeutic agent, and administering a

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

[0018] Further provided in the present disclosure is a computer readable medium comprising
computer readable instructions, which when executed cause a processor to: a) provide a probability
space defined by a set of discrete clinical outcomes, each of which is characterized by a statistical
distribution of at least one biological marker; b) obtain subject data corresponding to the at least one
biological marker; and 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. As disclosed, the instructions when executed further causes a
processor to provide a user defined alert condition based on an assessment of trajectory parameters
of the subject data in the probability space, wherein said trajectory parameters are at least one of
speed, acceleration, direction, and position.

[0019] As disclosed, a method is provided 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.

[0020] 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] As disclosed, a method of monitoring sepsis development of a subject comprises: measuring
at least two parameters selected from the group of (1) body temperature of said subject, (2) protein C
concentration of said subject, (3) interleukin 6 (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 IL-6 concentration is
indicative of the development of sepsis in said subject. As disclosed, a decrease in protein C and an
increase of IL-6 can be indicative of the development of sepsis in said subject. In some other
aspects, 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
example, 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 promptly followed by an appropriate
medical intervention.

[0022] Also described herein is a method for characterizing a medical condition of a subject,
comprising: obtaining a first set of subject data comprising at 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] In yet another aspect, a method is 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 corﬁprises
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.

[0024] As 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] In an aspect, there is provided a method for clinical trial design by 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; receiving subject data regarding the set of biomarkers measured
longitudinally from a group of patients exposed to the therapeutic agent; identifying distinct clusters
in a multivariate clustering space of the measured values of the set of biomarkers from the group of
patients; determining the rate of separation of the distinct clusters and measuring the distance
between the distinct clusters in a statistical manner; obtaining patient information from the group of
patients to classify the patients in clinically relevant subpopulations; and comparing the distinct
clusters to the clinically relevant subpopulations to characterize sensitivity and specificity of the
distinct clusters to predict the clinically relevant subpopulations. In some instances, the method
further comprises identifying a second set of biomarkers configured to improve the characterization
of the emergence of distinct clusters to predict the clinically relevant subpopulations. In some
instances, the group of patients exposed to the therapeutic agent are participants in a clinical trial. In
some instances, the clinical trial is a dose ranging trial. In other instances, the clinical trial is a part
of an adaptive clinical trial. The adaptive clinical trial can be designed to characterize an optimal
dosing regimen or can be designed to characterize an optimal responder population. In some
instances, the measuring the distance step comprises measuring the Mahalanobis distance between
the distinct cluster centroids. In other instances, the measuring the distance step comprises
measuring the nearest-neighbors distance between the distinct clusters. In yet other instances, the
measuring the distance step comprises measuring a Euclidean distance measure between the distinct
clusters. In some instances, the measuring the distance step measuring a Manhattan distance

measure between the distinct cluster.

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

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Many features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the invention will be obtained by reference to
the following detailed description that sets forth 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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[0029] Fig. 2 illustrates an cxample of the results of a cluster analysis of a clinical outcome.

[0036] Fig. 3 is o Dow chart illustiating an exemplary method of assessing & clinical cutcome of a
subject and sssigning probabilitics thereto,

{0031} Fig. 4 fllustrates an example probebilily space geomedrical representation.

j0032] Fig. 5 illustrates a trajeciory of data of a subject in & probebility space,

[6033] Fig. 6 is a flow chart iflustiating an cxemplary method of alerting 2 user to assess a clinical
outeome of a subject,

[6034] Fig. 7 demonsitates a method of establishing rules for a probability space of clinieal
guicomes.

{0035] Fig. 8 illusirates a graphical presentstion of rules for a probability space,

[0036] Fig. 9 is n Bow chart ilbusirating an excmplary method of implementing 2 matheimatical
model to assess a clinical outcome.

190371 Fig. 10 is a fow chat illustrating an exemplary system comprising a server for
communicating snd processing medical data.

{0U3B] Fig. 11 illusimtes an exemplary embodiment of a system of the invention with real-time
sequisition of subject dats and the transmittal of the information in real-time to a server or system
that is capable of converting the information or data {o a physiologically relevant context.

{0039 Fig. 12 demonstrates an exemplary system of the invention, wherein a health care operating
system comprises data infostruciure, models and algonthms, and softwage applications.

[0040) Fip. 13 demonstrales sn exemplary database comprising an ontology of bjumuarkers thal are
refated some types of medical couditions,

10041} Fig. 14 illostrates the an cxemplary hierarchy of a healtheare operaling systeiu of the
invention wherein the central operating system has access to a date infrastructure and menitoring
devices for obtaining subject data.

J6042] Fig. 15 demonstrates an excrnplary system of the invention whercin an analysis database can
receive information from a databage containing data from a reader or cartridge dambase, historical
databases, a patient database that can contain data entered by a patient, and a customer database,
J0043) Tig. 16 illustrates exemplary trajectories of two subjects in s probability space representing
prostate cancer diserete clinieal otwicomes.

{00441 Fig. 17 illustrates exetplaty trajectories of two subjects in a probabitity space representing
clinieal outeoines of a subject developing sepais.

[6045} Fig. 18 illutrates exemplary trajectorics of two subjects in a probability space representing
tbe medical eondition of dinbetic subject using an insulin sensitizer.

[0046] Tip. 19 fllusirates a method of graphically representing a trajectory of subject data ina
probability space in two dimensions.
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100471 Fig. 20 illusirates & method of graphically representing a tmfectory of subject data ina
prabability space in two dimensions and the position of the data for defining discrete clinical
outcomes.

[0048} Fig. 21 demonsirales & dypamic subpopulation emergence hased on clusler analysis ol a
Monte Carlo sitnuiation of & two-cohort clinical design,

[0049] Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical number of
clusters,

{0058} Fig, 23 illustrates markers of clinicel effect with the segrepation of the market space as a
function of dose st the end point of a clinical sludy.

[0051] Fig. 24 demonstrates patient data showing the seasonality of two type 1 biomarkers over
time,

[0052] Fig. 25 demonstraics a time series of 2 biomarker value versus the time of chemotherapy
delivery,

10053] Pig. 26 demonstrates the relationship between parameeters computed from circulating
pyrogea levels measvred over time and/or and the time-to-spike.

[0054} Fig. 27 is the IL-] beta concentralion versus time point number.

[6055] Fig. 28 is the sample-to-sample fold change for IL1-beta vergus time point mumiber.
[0056] Fig. 29 is the IL-6 concentration versus time point number, wherein patient 4 became septic.
{0057} Fig. 30 is the sampic-to-sample fold change for IL-6 versug time poiut munber, wherein
patient 4 became septic.

{0058) Fig. 31 is the ‘TNF-nipha concentration versus tine point nuimber.

10058] Kig. 32 is the sample-io-sample fold change for TNF-alpha versus time point nurnber.
[806D] Fig. 33 iilustrates the residual plot for Paticnt 5 who bas a fever spike and no decreasing
markers,

{00611 Fig. 34 demonstrates Patient 4 data points showing decreasing Protein-C with increasing 1L~
6 just prior to fever spike.

[0862] Fig. 35 is a schematic of the Thi-te-Th2 switch and the cylokines representing each
phenotype,

[0063] Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distance equation st Bayesian Probability.

{0064] Fig. 38 illustvates & graph iu time of a plurality of macker proteius for a paticnt in a sepsis
trial.

[0B65] Vig. 39 illusliates a bivariate time course of two particular markers (protein C and C-

reaclive protein} in the same patient,
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DETAILED DESCRIPTION OF THE INVENTION
{00663 In vue embodiment, & methiod is provided herein for characterizing the probability of a
clinical cutcome of a subject. The method comprises the steps of (o) constructing a probability space
defined by a set of discrote clinical outcomes, each of which is characterized by a statistical
distribution of at least one biclogieal mwarker; (b) obtaining subject data corresponding to the at least
ane biological madker; and {c) caleulaling the position of said subject data in said probability space,
thereby chatacterizing the probability of the clinical outcome of said subject.
0067} In practiving the methods herein, one generslly utilizes a sef of biological markers {also
referred 10 herein as biomarkers) relevant to a given clinical outeome, In order to improve the
refiability and sccuracy of a matherationl ealeulation, bivmarkers are selected hased upon
multivariate statistics from data pertaining 10 & clinical onteome, whether it being, for example, 8
diseass or a medical procedure. In some cmbodiments, discrirninant analysis is performed to
determine the most relevant biomsarkers pertaining 10 a particular medical clinical outcome.
[0068] In an aspec), a method iz provided besein of predicting the occarrence of & redical
condition that requires medicn) intervention, the method comprising: (7) measuring concentrations
of a first set of biomarkers present in & subject and measuring one or more physiological indicators
of said subiect at a given frequency, wherein the figst sct of bilomarkers are suspected 1o be
predictive of the medical condition; {b) baged oun the concentralions messute in (a), genexating from
the firat sol & subset of biomarkers that are more correlative with the occurrence of the medical
condition and/or a pew 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.
[006% Pluralities of discrete clinieal outcomes, sometimes 1uforred to az medical outeomes, fora
gpecific medical condition are plotted in a geometrical manmer. A set of values of the biomarkers are
chosen that are the most representotive of each clinical outcome. Using the mathematical methods
described herein, probabifities of class assigintnent to each discrete clinical outeame can be nssigned
to sy sel of velues of cbserved biomarkers. A probability space can then be constructed by plotting
the probability of any set of values of observed biojogical markers within the geometric space
defined by the plaratity of discrete clinical outcomes.
[0070] Nodel building
{0671] Iu seroe ipstsnces, wathemaklical modeling deseribeos the dynamic state of a systeny. [u some
inslances, the models uge a system of equalions representing outcome parameters, biomarker and
drug concentrations and the like over time. Such equations might be simple evovgh to solve in
closed form, yieldlog an aigorithinic formnla, However, it scine insignees, models of nman

disesse can be loo complex (o permit a simple closed fanm golution. [n some instances, a solution as
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described herein ean be projeciing nurerical golutions forward in time, also known as termed
predictive biosimaulation.

[0072] The ubjeciivc of cluster analysis is o group observations inlo clusters such that each cluster
is a8 homogeneous as possible with respect to the clustering varinbles. Any conventional clustering
algorithm may be used to dofine the discerete set of clinical outcomes based upon the recognized
biomarkers. Besides the Discriminant Function Analysis, there are maay such algerithms, such as
“Single Linkags,” “Complete Linkage,” *K means,” ' “Ward's Method,” or the “Centroid Method.”
Addisionally, one can identify clusters using “Decision Trees™, Thesc algorithug are well-known to
anyene familiar with the art, and are available in standard statistical packages such as 8AS and
SPSS. The clustering algorithms group like objects together, and keep unlike objects in separate
STOUPS.

§0073) Multivariate statistics to identify classes of similar subjects in a sample population can also
be applicd for building an appropiiate model. The techniques currentiy employed include, but are
not limited to, Diseriminant Function Analysis (DFA), Hierarchical Clustering Analysis, Factor
Analysig (in which an underlying model or relationship is assumed), Self-Organizing Maps (SOMs),
Support Vector Machises (SVMs), and Neural Nets. Bach is a pattern recognition technology using
nuliivariate descriptor vectors, which subjects are classmates, lo more completely manage an
adaptive clinical trial.

{0674] Olher techniques estimating (le model parameler space include several conventionnl
meihods, such as the graphical method and gradient-based nonlinear optimization (Mendes and Kelt,
1998}, The graphical method is typically applied to those problems that can be converted 1o linear
regression probiems, and are pencrally not amenable 1o closed-loop learning as they require human
intervention st ench step. The gradient-based nonlineer optimization method does not have such a
restriction; however it does require information about the error function with respect to the
parameter estimates. As such it often converges to local minima. Bvolutionary algorithms including
genetic algorithms, evolutionary programming, genetic programmiog, end iheir varinnts (Back et al.,
1997; McKay et al, 1997; Edwards f nl., 1998) have been applied 10 overcome these Himitations.
{0075] In some instances, to best account for the dynamnics of a biological system, the equation
systems discussed above con be coraposed of ordinary differential equations which calculate the rate
of change of a biological entity over a fixed time segauent. That quantification ig a funetion of the
state u{ the systemn at the instant of analysis, and includes terms for all other entities in the system
that might affeet that rate of change.

[0076] 1n many instances, as descbed herein, biological extitics of interest are found in bload
comprising but not limited to circulating proteins. In the maodeling space, the tine rate of change of
each biological entily is calied the derivative and is quantified as the instantancous slope of the

biological entity's concentration curve in the time domain.
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{0077 The value of any selected target biological entity at each selected sampling time point can
be calenlated ag well as the rate of change for every eutity in the sampling space. This can resultina
point estitnate per biological entity for the derivative it units comprising but not limited to & change
in concentration per unit time.
[0078] In some instances, & wethod can wtilize two point slopes along with a' K-point mode fitling
regresgion squations through the last K observationg, to estitante the first, second, and higher order
derivatives, for example;

dP()/dt = f{P(t), {other proteiny, cells types, ele.}, model parameters)
where P(1) is the concentration of a given protein as & fimction of ime, And whore £ is function of
P(1) and entities affecting specific protein concentration curves, comprising second signals, cell
nurnbers, and the like. And where model parameters are coefficients in those equations that quantify
those relationships, for example comprising production tates and clearance rates. The system can be
linear or non-linear.
[0079] An alternnte embodiment of the mechenism i n system of entities where P(f) is a protein
vector XE(E) = [Py(t), Pa(®),.. Pull)] where N is the number of proteins chosen to satple, and {P, etc.)
becomes a matrix M{II(D; BXIL)). The system parameters becowme a vector as BELL)).
10880} For exanple, clearance rates of each Pi(t} in the vector XI(t) are captured in this vector form,
(D) chaacterizes the functional coefficients of the matrix VL. The system is linear when § does
not depend on EI(8} or o time. The system is Hnear and parametvically time-dependent when §
depends on t, and varies linearly with time,
[0081} In another cxample, the systom is nonlinear whon the cleatance rate changes with tme and
can
{0052} represent the up-regulation or down-regulation in time. The system is represented but is not
Hrnited by the vector equation:

A/t = MO, BOID)* 1)

{0083} In yef another exarapie, ihe dynanic state of biclogical systems has a level of specilicity
which is captured in an exemplary biosimulation system. Every entity in the system will typically
act on 2 sinall subset of other entities. For example, protein 2 modifies the rate of production of
protein 1 by binding to a ccll surface receptor on an activated effector cell. The concentration of
protein 2 modifies the rate of production of protein 1, When a third prolein scts on the production of
protein 2 {he mte of production of protein I depends indirectly on the level of production of protein
2,
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{0084] The equations that best represent the above example in this bicsimulation aystem are:
dPy/de = By 1o(t)
dP/dt = By Fa(t) + Pay Pa()
dPydt= 0

{0685] In these exemplary equations, the concentralion of Protein 3 is constant and the mte of
Protein I production is an increasing function of the Protein 2 levels, factored by Pip >0, In addition,
the lovels of Protein 2 are a function rate Protein 2 is clearcd from the system, in this case,
proportiopally by & fsctor By >0, and the effects of P3(t) on its production, described by a factor fizs
>0 and is perameterized by the vector (a2, Ba , Bay). Any tripiet vector can be used in the peneral
case to generate any family of tinjectories in time for Proteins | and 2. Protein 3 is non-varying in
this moedel since its derivative remains zero.

10086] By measuring Proleins 1 and 3 at each tirne point in a meailoring period, values for (),
and Py(t), and eslimates for dP)/dt apd dP5/dt are obtained, Pu(f) can thon be solved and constrain the
solution set 1o a parameter vector (Jz, P'n B as), which is defined by well defined algebraic
cquations. Estitnates of both P,{t) and dPy/dt derive the state of the constrained system baged on
point estiinates as dexived from the sarmples, This allows for prajecting forward indime where a
mwde} trajeclory will likely be al the next sample point, end re-adjustiment of the model parameters
as necessary i a dynamic foedback self-conecting system.

10087} The self-coirecting mochanism and feedback system can be implemenied in a periodically
sampled measurement space, and that model refinentent and re-parameterization can take place at
each sample interval, After each application of this scif-correcting methodology, the space of
acceptalle parameter vectors should begin to converge to a patient specific vector that projects
forward in a predictive trajectory,

{0088} A system that dynwmicslly chacacterizes patient subpoputations based on the longiudinal,
sampling of predictive prolein profiles can use that information 03 a Type 1 biomarker to verify to
the researcher scientist that the compound is acting on the target as expected. 'The mechanigm of
action for that compound can also be researched for whethier 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] Inn su example, one populstion is treated with the test compound while snother is an
uadrcated control. I the protein profiles of the trested population behave in accordance with the

unslerlying hypothesis as it pertaios o the compound’s toechanism of action, the protein profiles
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will, a5 a conglomerate pattem, act as a Type 1 biomarker. I individuals within ihat population
show considerable variance in beth the divection aud vetocify of the protein profile, adjustment of
tho doses of the slower population members can oceur and the frial protocol can be changed
accordingly.

{0680] A varicly of stalistical analyses are applicable for building a probability spacs or model. Fig.
1 illustrates an exemplary characterization of similarily as measured by the Mahalanobis distance in
& two-dimensional (multivariate} space. The outcome of a discriminant function analysis is typicaily
a Mahalatobis distasce for every subject in the aualysis data set. The methods of performing the
discriminant analysis in this manner or similar manners are known to those skitled in the art. I this
example, the data from two independent variables (for example, biomarkers) are plotted against each
other, Bach patient in the analysis sel is represented by a single point on the grapb. The distance
between each patient’s biomarker pair pattern and the centroid of the cluster of data is caleulated as
the Mahalanobig distance and is represented by the ellipscs in the Fig. 1, wherein the ceotroid can be
typically defined as the mean sector of all independent measures in the space of interesi. The
probability Lhat any particular patient belongs to n cluster depicted herein is inversely proportional to
the distance from the centroid of the cluster. In this way the Mahalanobis distance ellipse on the plot
in Fig. 1 is used as a measure of similarity between the two sets of independont variables. This
method also accounds for nofse in the appropriate distance metzle by assigning probalbilities of class
assigument for a particular patient based on the variance observed in the underlying clustered data,
"Thus this method can account for uncertainty in the probabifity space,

[0091] ln conventional clustering, one typically works from a distance matrix, which lists the
simmilarity of every object to be clustered versus every other object. The process beping with the
crention of the distance mairix as known (o one skilled in the art. A triangular matrix of distances
among all pairs of patients nust be compuded. Ench of the distances between subject data will be a
function of the measured biomarkers. The function would take the form of a sum or weighted sum.
The distances for a given variable are, in turn, a sum of distances between individual observations
for ihat variable. This smm also may be weighted, For example, each cluster of subjects potentially
represents a discrete clinical outcoms.

10092} The distance matrix mettic can include caleulating a statistical difference, such as the
Mahalanobis distance, Euclidesn distance, and Manhattan distance. The matrix represents, in a
statistically ngorous way, the simiarity of two multiverisie patterns in a multidimensional space.
Based on these distances, individuals are grouped together in a clugter,

[6693] Fig. 2 illustrates an cxemplary clustering method of defining the discrete clinical outcomes.
In this exaunple, the centroid wethod was used {o delersine twiliple centroids of bietnacker deta
patterns. Each cenlroid either defines or belongs to n dilferent el of discrete clinical outcomes based

upon meagured biomarker information. In Fig. 2, examples of the classification of biomarker
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patterns of # niedicat condition include a partial responder class, a non-responder class, a complete
responder class, and an adverse drug reaction class, Every data point is related to a cenfroid of the
cluss it falls within. The centroid can be set lo be the poiat 1nost representative of the ¢lass.

10094] After the distance matrix hag been constructed and discrete clinieal oulcomes have been.
defined by a set of biomatkers, a piobability space can be constructed from muliivariate
distributions (for example, clusters) by applylng a metric that accounts for the variance-covariace
structure of the dais, Based upon the measured distanee, a probability for class assignment for any
observed biomarker pattern is calculated. The catoulated probability for any obtained biomarker
patfern defines the probability space.

[0095] Where desired, a probability meastrement is carried out by way of a Bayesian calenlation.
Other methods of calonlating the probabitity for class a&e§gumen£ include, but are not Jimited to,
Nelson-Aalen estimation, the ordinary least squares estimation, the weighted Jeast squares
estimation, and the smaxisoum likckihood estimation. Another method is to use a decision trec
analysis and from the measure determine the nitimate sensitivity and speeificity of the detived nde.
[0096] Fig. 3 illustrates an exemplary method of the invention of building & mathematical model
for assessing a medicai condition. Based upon prior history of e medical condition, a user (for
exzmple, a physician) identifies tlic relevant clinical outcomies or outcomes, The physiology, a
compound or drug's method of action, and/or off target reatrment cffects are then utilized to help
define the borders of a probability space.

[0097) A graphical example of the probability space and the discrete clitdcal outcomes that define
the bordess of the probability space are illusteated in Fig. 4. Each nurnber vepresents a different
clinical outcome,

[0098] Biomarkers thal are most relevant io the ¢linical outcomes of a given medical condition ure
identified vaing mullivariste diseriminant snalysis, Data from the sct of biomearkers are classified
accovding to the discrete clinical outcotne to which the tndependent data is most closely corrclated.
[0099] After the data sets are classified by cluster analysis and/or discriminant function snalysis
and identified as clinical oulcomes, the centroid location of a clinical culcome is delermined. For
each reference poinl or independent biomarker data point, & probability of classification into each
reference clinieal outcome is assessed.

{08100} When data from an individual subject is obtained corresponding to at feast one biomarker,
the data iz input into- the meathematical model and ils geometrical position within the probability
space is determined. A distroce melric is then vsed o deterninne the position of the subject data with
reference to cach clinical outcome. In a preferred cmbodiment, the distance metric is the
Mahalanchis distance. For the subject data, the model obtains 2 distance metric comesponding o

cach diserete ¢linical ontcome.

-i4-



10

20

23

a0

$00101] A statistical estimation method ig used t¢ convert the plurality of distance metrics into a
pharality of probabitities fur the subjest datn, Ench probebility of the plurality of probabilities
corresponds to u discrete clinical ouicome. Tn an ciaboediment, the statistical estimation is a Bayssian
estimation. "Fhe plurafity of probubilitics is nsed 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 subject.

100162} Rules can be assigned by the user (for example, medical personnel) to ray poiat in the
probability space, The rules soay guide the user in understanding the subject’s current medicat
condition and guide the user ln selecting & course of action.

{00103] The methods described herein can be performed at any point in lime during observation 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 cafcudated using the mathernntical methods deseribed herein. The
steps of obiaining and caleulating the position of subject data in 2 probability space cas be repeated
to yield a trajectory within & probability space, wherein said trajectory is indicative of a lime series
of the agsessed clinical outcomes,

{00144} Yrajectory

100105} As a medical condition progresses, a subject {s typleally monitored by medical personnel.
Meonitoring can be preformed by running a series of lesls, As Lesting methods md devices, such 2
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 serics or a sel of longitudingl data, but may also be data that reflects changes that occur
sequentially with no specific reference to time. The systemn does not require that the time or
sequence vaiues are equally spaced. In fact, the time parameter can be 2 random variable itself,
[00166] In some embodiments, the time series of obtatning subject data is of loast 6, 24, 48, 72, or 96
hours. In other embodiments, the time sexies can be at least 7, 34, 60, 90, 180, or more daya. The
tinie series can also be over a series of years.

{00107) The longitudinal data provides valuable insight into the progression of a medical condition
or freatment, However, as the munber of tesied iterns increases, the complexity of anatyzing the
longitadinal data increases. It can hecome very difficuit to understand or detotmine relevaut data
about 2 medical condition or {reatnent. .

00108} The longitudinal date acynired from a subjeet cun be grouped into a vector or a tzajectory to
assess a medical condition. A vestor is defined geometrieally as an arrow where the tail is tho initial
peint and the head is the terminaf point. A vector's compopents can refate to & peographical
coordinate system, such as Jongitude awd latitude. Navigation, by way of specific example, uses
vectors exiensively fo locato objects aud to determine the direction of inovement of airerafl and

watercrofl.

~15-



15

20

25

3

35

{08109} Physics and engineering fields are probably the most common users of vector analysis and
have stimulated much of the mathematical research. In the field of mechanics, vector anadysis
abjeets include equations of motion including location, velocity, direction, and aceeleration; center

of gravity; moments of inertia; forces such es friction, stress, and stajn; electromaguetic and
gravitational fields,

{00110} Velocity, the ime mte of change in position, is the combination of specd (vector tengtly) and
bearing (vector direction). Acceleration is another commuon vector quantity, which is the time rate of
change of the velocity. Both velooity and accelemtion are oblained through vector analysis, which is
the mathematical determination of a vector's properties and/or behaviors.

[60111] Vector analysis of longitudinal subject data pertaining to a medical condition can be used to
understand the medical condition and statistically determine & diserele Slinjcal outcome.

[00112] For example, the normal condition for the individual can be observed by plotting biomarker
data for the individual. The stable, normal condition wiil be a lucated in one portion of the graph.
[00113] The individual's normal condition may be disturbed by the administration of &
pharmaceutical or a change in medical condition. Under the effect of the administered
phannaceutical, ihe individual's normal condition wilt become unstable and move from its original
position in the praph to a new position in the graph. When the administration of a phanmaceutical is
stopped, or the effect of the pharmaceutical ends, the individual's normal condition may be disturbed
again, which would [ead to another move of the normal condition in the graph, When the
administration of a phanmacentical is stopped, or the effect of the pharmaceutical ends, the
individual's purmal condition may return {e its vrigingl position in the graph before the
pharmaceutical was administered or to 2 new or tettiary position that is different from both the
primary pre-phavmaceutical position and ihe secondary pharmaceutical-resuliant position.

[00114] In some instances, biomarker values can change very ropidly, such that standard sampling
(for exanyple, & lab tes!) may migs large changes in the values, In an example, sepsis can oceur very
quickly when a paticent is using & pharmaceutical or is a member of a phanmaceutical clinical trial.
Many times, early clues as fo the medical condition of the paticnt are not seen becatse current
testing procedures do not oceur rapidly enough. Also current testing procedures are inflexible within
a short period of time, so if » pafient needs to be tested for a different biomarker value or
physiological parameter within a short period of times (for example, 4 hours), it is often not possible
to receive teut resulls,

[060%15] Large changes in biomarker values can oceur such that couventional Tab methods which use
only one satple dilution level cannot mcasure the analyte due to the range of the device. Olten,
more sophislicated lab methods that use multiple dilution ranges that extend a range can also be
overwhelined by 8 massive change (for cxample, greater than 1000-fold) in a biomarker value. If a

dilution is repeated to obtain the proper range, in swny iustances 24 hours may have elapsed before
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the resulls of the assays are obtained. As described, a systern or method herein can report results in
near real-time fashion, therefore medical personnel has the ahility to change the course of medical
action 88 necessury from the biomarker values oblained. For example, when an increase of an,
analyte between assay increages by 100-fold, 200-fold, 500-fold, L000-fuld, 10,000-fold, or even
more, it can increase the dilution level used for the next sample {for example, 104, 200, 560, 1000,
10,000-fold or higher) in addition to changing the fleguency of measwrement of the analyte,

{08114} In an aspeel herehy, & method of monitoring sepsis developiuent of a subject comprises:
measuring at [east two parameters selected from the group of (1) body temperaiure of said subject,
(2) protein C concentration of said subjeet, (3) interleukin 6 (I1.-6) concentration of said subject,
multiple times to yield a trend of temperature, protein C trend, and/os IL-6; and wherein an increase
beyond norma) body temperature, a decrease in protein C concentration and/or s increase in IL-6
congcentration is indicative of the development of sopsis in said subject. A decrease in protein C
followed by an incrense of 11L-6 can be indicative of the development of scpsts in 3aid subject. A
decrease it protein C followed by an increase of [.-6 and an increase bayond normal body
temperature can be indicative of the development of sepsis int said subjeet. In sone instances, an af
least sbout 10-fold, 100-fold, 200-fold, 500-fold, 1000-iold, 10,000-fold, 500,000-fold or more
increase in IL-6 concentration in said subject is indicative of the development of sepeis in said
subjeet. In a further instance, an at least about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or
more decreasa in prolein C coneentration in said subject i indicative of the dovelopment of wepsis
iu said subject,

{6013711In an example, when no si gnificant' event is ovcurring in a paticnt following chemotheropy
at home, the measarement frequency of an analyte can be reduced. Tn some instances, the system
can prompt appropriate action by a user based og prior results,

[08118] 18 some instaucey, the methods and sysieins described horein alfow {or the monitoring of the
health status or medical condition of a subject throngheut 4 time fratae ss sioall as & few days, For
example, the evolution and pathophysiology of the disease process, the response to (herapy, and the
possible onset of untowand side effects upon exponire {0 a drug ean be manitored by longitudinatty
sanipling blood. Frowm these samples o profile of key circulating biomarkers can be established.
Specific biomarkers can be selected based on, for exmnple without limitation: knowlcdge of the
diseasc process and its molecular pathophysiology, the mechanism of action of a given compound,
and its observed effects profiles.

[80119] Representation of a sivnilar movement of loogitudinal data to that previously described is
iHustrated in Fig, 5. At each time point (T = 0 to T = 8), the dala point is plotted in a probability
space. The line traveled from one point to the next {5 a vector,

[00120] Diagonsis of the individual inay be aided by studyifig severa) aspeoty of the moversent of

the individuat's medical condition in a prubability spece. The direction {for example, the augle
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and/er orientation) of the path followed by the mudical condition as it mioves in the peaph ean aid in
the diagnosis, prognosis and treatment decision-making for 2 given clinical onteome. The speed and
acceleralion uf the mnovement of {he medical conditton in the praph may also be dingnostic. Also, the
position of the individunl’s medical conditior at an independent time point may itself be dingnostic.
{00121} Given that the direction and/ot speed of the movement of the normal 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 Iocation of the normal condition; cspecially if it is established that,
under the effect of a certain agent (for example, a pharmaceutical), there are only a ceriain number
of locations i the graph at which an individual's normal condition will stabilize.

[60122] Howevar, in some aspects of the tnvention, both diagnosis and prediction of nsgessing the
medical condilion of a subject are performed by qualified medical personnel and the mathematical
model provides an educationsl tool and resource.

[00123]Fig. 6 illustrates an exemplary method of the invention for spplying a mathematical model
lopgitudinally in real-time. Relevant biomarkers amd digerete clinical outcomes corresponding to
different biomarker patterns are predetermined. from historical date. Data is then obtained from a
subject and the data corresponding {o erch relevant biomarker is messured. Data is prefernbly
obtained from the subject using a point-of-care microfluidic device, however, it can be obiained in
any maoner. Hach time the data is obtained a distance metric (for example, Mahalanobis distance) is
calculated in relation to each centrold oblained from a cluster analysis of the historieal dala, The
cantroids represent the discrele olinical outcormes delenmined from the historicsl data.

[00124] As following the flow diagram in Fig. 6, for cach individual daty set 1brough time, the
probability of the data belonging to each clinical outcome is calcuinted, The probability is caleulated
from the distance metric using a stetistical estimation procedure, such as a Bayesian eatimate. Based
on the sot of calculated probabilities, the position of each time point of subject data is nssigned to the
probability space. The caleulntion is repeated for each time point.

{00125] A trajectory or vector is then created by linking adjacent time poinis, The distance,
direction, speed, and acesleration of the vector can be caleulsted and plotted for display or review. If
the user (for example, physician), decms the data to be of significant importance, the user may
aclivate an alarm or warning system: nod aceordingly change tho course of action for treating or
monitoring the medical condition. After & course of action has been adjusted, the steps assessing the
medical condition of a subject can be repeated to continue Lo monitor the irujectory of the subject.
{00326} Fig. 7 illustrales an exemplary method of the iuvention for developing ao alarm or eacly
waning sysiem for or upon assessing the medical condition of a subject, The (rajectory of n medical
condition of snbject and the information corresponding to the trajectory (for example, speed or
acceleration) is oblained twough a method of muliivariale statistical ealculations, such as the

method illustrated in Fig. 6. In order to analyze the information obtained from the mathematical
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annlysis, qualified meshical personnel {for example, a plysician) can establish criterin for activating
an alarm or warning system based on the measurement of biornarker patterns from an individual
subject.

[00127] This method allows cach individual user to define the value and set of eriteria as they sce fit,
according to the indiviiual user's priorilies. It is understood that cach-user or physician may view
ench medica] condition differenly and the examplie method of Fig. 7 accounts for these differences.
{00128 An exemplary method of the invention assigns progress lines to each discrete clinical
cutcome. The progress lines smay represent different clinical criteria for the medical condition a
suhject passes over. Preferably, the progress Tines s positioned and detenmined by an individunl
user, such us medical persormel, The user mnay agsign different locations of the progress lines based
upon the subject history, historieal data of the medical condition, ox persopal experience. An
example of a probability space with rules demonstrated 28 progress lines is illustrated in Fig, 8, For
example, if he trajectory of & subject goes withins one of the progress lines illustrated in Fig. 6, an
siarm or wamning system may be activated to notily the user or the subject. Other possible resulls
include, but are not limited v, a system printout of the medical data, a user infexfuce displaying the
information, a flashing light, sn alert sysiem, an aslerm, a buzzer, an email, a telephone
commurication, and a pager system. The alam systemn not only ngsesses the current medical
condition of the subject, but may also guide a course of retion for the user.

601221 Wit one of more of the charactedistios of the trajectory surpasses a specific value ag
detennined by (he model user, an alarm or wartdng system can be activated. The user can then
determine the sext course of action for assessing the medical condition of the subject.

160130] Tn an embodiment of the invention, medical personniel or the subject can be notified of a
need for taking & medical action afler 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
telephone communication, and a pager systent.

[0M131} Medical personnel may take medical action when notified by the methods of the invention
that the medical condition of # subject has violaled a rule imposed by the medical personnel.
Medical action inclades, but is not limited to, ordering more tests performed on the patient, altering
the dosage of an administered therapeutic agent, adininistering a theyapeutic agent, tesmioating the
adminigtration of a therapeutic agent, combining therapics, admindsiering an alternative therapy,
piacing the subject on a dialysis or heart and fung machine, and adininistering 2 pain killer, In sorme
cobodiments, the snbject may take medicnl action. For cxample, a diabetic subject may adiinister a
dose of fosulin.

[(0132]) Afler a medical action hag been taken or has been chosen, an qutcome analysis ¢an be
porformed for characterizing & result of the selecled action. The outcome analysis con lead to

automaticaily updating the probability of the discrete clinical outcome of the subject.
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[091331 Any clinical outcome, result, or action related to a particular medical condition may be
utilized ag a discrele clinical outcome. For exaniple, discrete clivical outcomes may be generic, such
as responder, non-responder, partial responder, and septic, or they be more specific such as adverse
drug reactions. In addition, diserete clinical outcomes may be sequellae, or downstream clinically
relevant events or results. Subject data can be obtained for any pharmacological, pathophysiological
or pathopsychological clinical outoonie. The subject data may be oblained during a fiest time period
before an intervention is administered to the patient, and also during a second, or more, time
period(s) aller the intervention is administered to the pationt, The intervention may comprise a
drug(s) and/or a placebo, The intervention may be suspected to bave a propensity to affect the
heightened risk of the onset of the specific medical condition. The intexvention may be suspected of
having & prepensity to decrease the heightened 1isk of the onget of the specific medical condition,
The specific medical condition may be an unwanted side effect. The intervention may conptise
adminislering a drug, and whereiu the drug bas a propensity to incrcase the risk of the specific
medical condition, the specific medicnl condition may be an vndesired side offect.

{00134} Medical conditions include, but are not limited to, phiammacological, pathological,
physiclogical and psychological conditions. For example, abnommality, affliction, ailment, anomaly,
anxiety, cauge, discase, disorder, illness, indisposition, infitoity, malady, problem or sickness, and
may include a positive medical condition for example, fertility, pregnancy and retarded or reversed
male paltern baldness. Specific medical conditions include, but are not Hmited 1o, neuwrodegencrative
disorders, reproductive disorders, cardiovascular disorders, autoimmune disorders, inflammatory
disorders, cancers, bacterial and viral infections, diabetes, arthritis and endocrine disosders. Other
diseases include, but are not tanited to, lupas, theumatoid arthaitis, endometriosis, multiple selevosia,
stroke, Alzheimer’s discase, Packinson's discases, Huntington's disease, Prion disenses, amyotrophic
lateral selerosis (ALS), ischaermias, atherosclerosis, risk of myocardial ivfarction, hyperiension,
pulmonary hypertension, congestive heart failure, thromboses, dinbetes mollitus types Lor 1, lung
cancer, breast cancer, colon cancer, prostate cancer, ovarian cancer, pancrealic cances, braiu cancer,
solid tumors, melanoma, disorders of lipid metabolism, HIV/ AIDS, hepatitis, including hepatitis A,
B and C, thyroid disease, abeurant aging, and any other disease or disorder,

{00135} Biological Markers

{00136} Biological markers, also referred 1o herein as biomarkers, svoording o the present invention
include without limitation drogs, prodeugs, pharmeceutical agents, diug metabolites, biomarkers
such as expressed proteins and cell markers, antibodies, serum proteins, chioiesterol,
polysaccharides, nucleie acids, biological analytes, bionarker, gene, protein, or hormone, or any
cotabination thereof. At a molecular leved, the biomarkers can be polypeptide, glycoprotein,

polysacchaide, lipid, nucleic acid, and a combination thereof,
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{137} Of particular interest are biomarkers associated with a particular disease or with a specific
disease stage. Such biomarkers include but are not limited to those associated with autcimmunc
dinenaes, obesity, hyperlenaion, diabetes, newonal and/or mmsculac degenerative diseases, cardiac
diseascs, endocrine disorders, any cotnbinationa thereof.

{0B138] Alro of interest are biomarkers that are preseit in varying abundance in one or more of the
body tissues including heart, liver, prostate, lung, kidney, bone marrow, bloud, skin, biadder, brain,
mscles, nerves, aud selected tissues that ars affected by various disease, such as different types of
cancet {tnalignant or nor-metestatic), avlohnmune diseases, inflammatury or degenerative diseasea,
{00139} Also of interest are analytes that are indicative of 8 microorganism. Exemplary
microorganisms include but are not Hmited fo bacterium, virus, fongus and protozoa. Other
biomadcers oblained from a subject also include blood-born pathogens selecied from a pon-limiting
group that consists of Staphylococcus epidermidis, Escherichia coli, methicillin-resistant
Staphylocaccus aurens (MSRA), Staphylococeus auress, Staphyloceecus hominis, Enterococeus
Jaecalis, Pseudomonas aeruginosa, Staphylococcus capitis, Staphylococeus warneri, Klebsiella
preumoniue, Haemaophilus influnzae, Staphylococeus simulans, Streptococeus pneumoniae and
Condida albicans.

[60140] Bioxoarkers also encompass a variety of sexually transmitted diseases selected from the
following: gonorrhea (Neisseria gorrhoeae), syphilis (Treponena paliidum), chamydia (Clamyda
fracomitis), nongonococeal urethritis (Ureaplasm urealyticrsm), yeast infection (Candida albicans),
chanevoid. (Haemaphilus ducrepi}, trichomoniasis (Trichomaonas veginaliz), genital herpes (HSV
type I & ID, HIV §, IV II and hepatitis A, B, C, G, as well as hepatitis caused by TTV.

#0141} Biomarkess encompass a diversity of respiratory pathogens including but not Hinited to
Pseudomounas aeruginosa, methicillin-resistant Staphiococccus aurens (MSR4), Klebyiello
preumoniae, Haemophifis influenzae, Staphlococcus aurews, Stenotrophomonas maliophilia,
Haemophilis parainfiuenzae, Escherichia coli, Enterococeus faecails, Servatia marceseens,
Haemophilis parahiaemolyticus, Enterococcus cloacae, Candida atbicans, Moraxiella catarrhails,
Straptoceceus pneumoniae, Citrobacter freundii, Enterococeus faecium, Klebselln oxytoca,
Pseudomonas fluorscens, Neiseria meningilidis, Streptococcus pyegenes, Preumocystis carinii,
Klebsella pneinmoniae Legionella pnewmophila, Mycoplasma pnesmoniae, aod Mycobacterium
tuberculosis.

{00142] Listed below are additional sxemplary markers according fo the pregent invention:
Theophylline, CRP, CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2, 6-keto-PGF-1-alpha,
and TheophyHine, Estradiol , Lutenizing hormone, High sensitivity CRP, Triglycerides, Frypiase,
Low density lipoprotein Cholesterol, High density lipoprotein Cholesterol, Cholesterol, IGFR.
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(0143 Bxemplary fiver markers include, without limitatidn, Arginase 1 (liver type), Alpha-
fetoprotein (AFP), Alkaline phosphatase, Alanine sminotransferase (ALT), Laclate dehydrogenase
{LDM), Protein C, and Bilirubin,

[00144] Exemplary kidney markers include without limitation "T™NFa Receptor, Cystatin C,
Lipovalindype winary prostagiandin D, synthatase (LPGDS), Hepatocyle growth factor receptor,
Polyeystin 2, Polyeyslin 1, Fibroeystin, Uromaodulin, Alsnine, aminopeptidase, N-acetyt-B-D-
glucosaminidase, Albumin, and Retinol-binding protein (RBP).

[00148]) Exemplary heart markers include without imitation Tropenin I (Tal), Troponin T {InT),
CK, CKMB, Myoglobin, Fatty acid binding protein (HABP}, CRP, D-dimer, 8-100 protein, BND,
NT-proBNP, PAPP-A, Myeloperaxidase (MPQ), Glycogen phosphorylase isoenzyme BB (GPBB),
‘Thrombin Activalable Fibrinolysis Inhibitor (TAFD, Fibrinogen, Ischemia modified atbumin (IMA),
Cardioteophin-1, and MELC-I (Myosin Light Chain-1).

[00146] Exemplary pancreatric matkers include withowt limitation Insulin, Amylase, Pancreatitis-
Assocoated protein (PAP-1), and Regeneratein proteins (REG).

{00147) Exemplary nusele tissne markers include without livnitation Myostatin.

[00148) Exemplary blood matkers include without }imitation Erythopoeitin (EPO),

{00149} Exemplary boue markers include withiout limitation, Cross-linked N-telopeptides of bone
type I collagen (NTx)

Carboxylerminal cross-finking telopeptide of bone collagen, Lysyl-pyridinoline {(deoxypyridinoline),
Pyridinoline, Tastrate-resistant acid phosphatase, Procollagen type X C propeptide, Procollagen typs
IN propeptide, Osteocalein (bone gla-protein), Alkaline phosphatase, Cathepsin K, COMP
(Cartillage Oligimeric Matrix I'rotein), Osteocyin

Osteoprotegoerin {OPG), RANKL, sRANK , TRAP 5 (TRACP 3), Osteublast Specific Factor 1
{OSE-1, Piciotrophin), Soluble cell adhesion molecules, sTIR, sCD4, sCD8, sCD44, and Osteobliast
Specific Factor 2 (OSF-2, Perlostin).

}00130] In some embodiments markers according (o the present invention are disease specific.
Exemplary cancer morkers include without limitation PSA (total prostate specific autigen),
Creatinine, Prostatic acid phosphatase, PSA complexres, Prostrate-specific gene-1, CA 12-5,
Carcinvembryonte Antigen (CEA), Alpha feto protein (AFE) , hCG (Lhunan chotionic
genadotropin), Inhibin, CAA Ovarian C1824, CA 27.29, CA. 15-3, CAA Breast C1924, Her-2,
Panereatic, CA 1949, Carcinoembryonic Astigen, CAA pancreatic, Meuron-specific enolase,
Angiogtatin

DcR3 (Soluble decoy receptor 3}, Endostatin, Ep-CAM (MK.-1), Free Imounoglabulin Light Chain
Kapps, Free lmmunoglobulin Light Chain Lambda, Herstating, Chomogranin A, Adrenoniedullin,

Totegrin, Epidermat growih factor receplor, Epidermal growth factor recoptor-Tyrosine kinase, Pro-
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adrenomedullin N-terminal 20 peptide, Vascular endothelial growth factor, Vascular endothelial
growth factor recepfor, Stom celi factor receptor, o-kit/KDR, KIDR, and Midkine,

{00151] Exemplary infectious disesse markers jnclude without limitation Viremia, Bacteremia,
Sepsis, PMN Rlastase, PMN elastase/ o1 -PI complex, Surfactant Protein D (SP-D), HBVe antigen,
HBVs antigen, Anti-HB Ve, Anti-HLVY, T-supressor cell antigen, T-cell antigen ratio, T-helper ceil
antigen, Anil-HCV, Pyrogens, p24 antigen, Muramyl-dipeptide.

180152] Bxemplary disbeles markers include without limitation C-Peptide, Hemoglobin Alc,
Glycated albumin, Advanced glycosylation end products {AGEs), 1,5-anlydroglucitol, Gastric
Inhibitory Polypeptide, fnsulin, Glucose, Hemoglobin, ANGPTL3 and 4.

{60153} Exemplary inflammation markers include without Hroitation Rheumatoid factor (RIF),
Tunor Necrosis factor-o. (TNF-u), Antinuclear Antibody (ANA), C-reactive protein (CRP), Clara
Cell Protein (Literoglobin).

{00154] Exemplary ailergy naarkers include without limitation Total IgE and Specific IgE.

[60155] Exemplary autism markers include without limitation Ceruloplaginin, Metalothioneine,
Zine, Copper, B6, B12, Glutathione, Alkaline phosphatase, and Activalion of apo-aikaline
phosphatase.

100156} Exemplary coagulation disorders markers include without limitation b-Throiboglabulin,
Platelst factor 4, Von Willebrand fuctor.

{09157} In some embodiments a marker may be therapy specifio. COX inhibilors inclade withowt
limitation TxB2 (Cox-1), 6-keto-PGF-1-alphe {Cox 2), H{-Dehydro-TxB-12 (Cox-1).

(001581 Other markers of the present include witheut limitation Leptin, Leptin receptor, and
Procalcitonin, Brain 8100 protein, Subsiance P, 8-Iso-PGF-2a.

{H¥15%] Exemplacy genatric markers include withoul imitation, Neuron-specific encolase, GFAP,
and S100T3.

[00E69] Exemplary markers of nutritional statug include without Bmitation Prealbumin, Albwmin,
Retinol-binding protein (RBP), Transferrin, Acylation-Stimulating Protein (ASP), Adiponectin,
Agouti-Related Prolein (AgRP), Angiopoietin-like Profein 4 {ANGPTLA, FIAF), C-peplide, AFARP
(Adipooyte Fatty Acid Binding Protein, FABP4)

Acylation-Stimulating Protein (ASP), EFABP {Epidennal Fatty Acid Binding Protein, FABPS),
Cilicentin, Glucagon, Glucagon-Like Peptide-1, Glucagon-Like Peptide-2, Glhirelin, Insulin, Leptin,
Leptin Receptor, PY'Y, RELMs, Resistin, amd sTR (soluble Transferrin Receptor).

[00161] Exemplary markers of lipid metabolism include without limitation Apo-lipoproteing
{several), Apa-Al, Apo-B, Apo-C-Cl, Apo-I), Apo-E.

{10362} Exemplary coaguiation status matkers include without Emiation Factor E Fibrinogen,
Factor [ Protiwombin, Factar I Tissue factor, Pactor IV: Calelun, Factor V: Proacpcle-rin, Factor

V3, Factor VIT: Proconvertin, Facior VI, Anti-hiemolytic factor, Factor IX: Cliistmas faclor,
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Factor X: Stusrt-Prower factor, Factor X{: Plasina ithromboplastin antecedent, Faclor IF: Hageman
factor, Factor XIIT: Fibrin-stabilizing factor, Prekallikrein, XYigh-moelecutar-weight kininogen,
Protein C, Protein 8, D-dimer, Tissue plasminogen activator, Plasminogen, a2-Antiplasmin,
Plasminogen activator inbdbitor 1 (PALE).

80263} Bremplary monocional sntibodies include those for EGFR, ExbB2, and IGFIR.

[803164 Exeanplary tyrosine kinase inhibitors include without Jimitalion Abl, Kit, PDGER, Sre,
ErbB2, ErbB 4, RGFR, EphB, VEGIR 14, PDGERYL, FLt3, FGFR, PKC, Met, Tic2, RAF, and
TikA.

(00165} Exemplary Serine/Theeoline Kinase Inbibitors include without limitetion AKT, Aurora

A/B(B, CDK, CDK (pan), CDK 1.2, VEGFR2, PDGFRb, CDKA4/6, MEK 1-2, mTOR, and PKC-beta.

{00166] GPCR targets include without Hmitation Histamine Receptors, Serotonin Receptors,
Angiotensin Receptors, Adrenorcceptors, Muscarinic Acetylcholine Receptors, GnRH Receptors,
Dopamine Receptors, Prostaglandin Raceptors, and ADP Receptors.

[60167] In u sepuarate embodiment, 2 method herein utilizes phammacologicnl parameters useful for
assessing cfficacy and/or toxicity of a therapentic agent and the agent’s affect on a medical
condition. For the purposes of this invention, a “therapeutic agent” is intended to include any
substances that have therapeutic wtility and/or potential. Such substances include but are not limited
to bielogical or chemical compounds such as simple or complex organic or inorganic molecides,
peptides, proteins (for example, antibodics) or a polynucleotides ({or example, anti-seuse). A vast
saray of compounds can be synthesized, for example, polymers, such as polypeptides and
polynucieotides, and synthetic organtc compounds based on vartous vore steuciuves, and Hiese are
also included in the tenm “therapoutic agent. In addition, various valural sources con provide
compounis for sereening, such as plant or animal extracts, and the like, It showld be understood,
although not always cxplicitly stated that the agent is used alone or in combination with another
agent, having the same or different biological activity as the agents identified by the inventive
screen. The agents and methody aleo are intended to be combined with other therapies.

[60168] Implemeniation of the Methods

10916911 35 to be understood that the excmplary methiods and systems described herein may be
implemented in varfous forms of hardware, sollware, [imware, special putpose processors, or &
combination thereof. Methods herein can be implemented in soltware ns an spplication program
tangibly embodied on ane or more program storage devices. The application progranm may be
executed by any machine, device, or platform comprising suitable architecture, It is to be further
undegstood that, because some of the systems and methods depieted in lhe Figures are prefembly
implemented in softwere, the notual conueclions between (he system components (or the process

steps) moy differ depending upon the mauner in which the present invention is programmed, Given
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the lenchings hetein, one of ordinary skill in the related art will be able to contemplate or practice
these and similar implementations or configurations of the present invention.

{0017¢] Fig, 9 illustrates the process flow of building the model and system for sssessing the

medical condition of a subjoct. The subject inputs personal data into 2 database. The same or a
different database contains data from other subjects with n similac medical condition. Data from the
other subjects can be histodceal data from public or private insUtutions, Dala from other subjects may
also be internal data from a clinical study.

{80171] The subject may input data in a variety of ways, or using a variety of devices. For example,
a point-of-care microfluidic device may be used to acquire biomarker data at the point-of-care, The
data froma the device may then be cotanmmicated directly from the device to a database or processor,
A computer or data entry systen: may also input subject data to e database or processor. Data may be
automatically obtained and inpu into a computer from another computer or data entry system.
Another tacthod of inputting data to a database is using aninput device such as a keyboard, louch
screen, trackball, or a mouse for directly entoring data iuto a database,

[60172] A database is developed for a medical condition i which relevant clinical information is
{iltered or mined over a eommunication network (for example, the Intertet) from one or maore data
sources, such as a public rorote databage, an internal remote database, and a local database. A
public database can include online sources of [ree elinical data for use by the general public, such as,
for exsmple, databayes supplied by the U.S. Department of Health and Humen Services. For
example, an internal database can be a private internal database belonging to particular hospital, or a
SMS8 (Shared Medical System) for providing clinicaf data. A local databass can comprise, for
example, biomarker dnta relating {o discrete clinical outcome. The local database may inchude data
from u clinical trial. It may also include clinical data such as temperature and laboratory
information, BKG resuits, blood test results, patient survey responscs, or other itens from patients in
a hospital or an internal hospital monitoring system. The databasge can also include historical
reference data of 2 pluralily of subject members in relationship to sl Jeast one biological mmker.
[00173] The database may also be implemented on 8 varety of commercially available authoring
packnges.

[00%74] The database may be of 2 storage unit of 2 iedical information system,

[00175] Data from a database can be Hliered ond clussified aceording to specific cases or medical
vonditions or & group of diagrioses and conditions. For example, the classification within the
database may follow the standard intesnational code of diagnoses (3CI)-9 coding system). A medical
condition may include, for example, a physical state of a subject or a discase that the subject is
suffeding from.
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[08176] In an embodiment, the datd stored in the database 1poy be selfested from the calegories
consisting of: pathology, anatomy, treatment aption, treatment outcome, pharmacological parameter,
pharmacokinetios parsmeter, psychological parameter, and genomie information,

{06177} Subject data can be stored with a unique identifier for recognition by a processor or a user.
Ik another step, the processor or user can conduct a search of stored data by selecting at least one
criterion for particular patient data. The particutar patient data can then be retrieved.

{00478} Relationships can be established between elements of the public databases, the internal
databases and the subjeet data. Bxplicit relationships declare and record inferences made based on
information revealed by the trajectory or othier available observations.

179 Fig. 9 illustrates the flow of data from a database that includes the dats from the subjecttoa
processor that performs the mathematical methods described herein to construct a probability space,
The subject data may also be inpulted o the processor separately from the data pertaining to a
discrete clinical outcome that is stored in a database.

{00180} A processor can perform caleulating the probability space. Once a probabilily space map is
prepared, the same processor or a differens processor can plot biomarker data from an individual
subject within the probability space. The probability space map itself can be tmnsmitted to an
output, such as a display monitor. The position of the subject data within the probability space may
also be transmitted to an output. The processor may have a means for receiving patient data directly
from an input device, a means of storiny the subject dala in a storage unit, and a means for
processing data. The processor may alse include a means for receiving instructions o user or a user
intexfuce. The processor may have memeory, such as randomn access memory, as is well known in the
arl. In one embodiment, an output that is in communication with the procossor is provided.
[00181] A user interface refers to graphical, textual, or anditory information presented Lo a user.
Uner inlerfisce may also refer 10 the control sequences uged for controlling » progmm or device, such
a3 keystrokes, movements, or seleetions,

[09182] A user interface may be a commercial software application for displaying subject data
and/or the position of the subject data in & probability space. The user inlerface generally provides
usets wilh access (o a tnsk-specilic sot of functions to view and modify conlont. In prefersble
embodiments of the invention, the user interface is a grophical user interface {GUI). In some
embodiments, a eonstructed probability space in two dimensions can be viewed using 2 GUL Also,
the trajectary of subject ata positioned within the probabilily space can be viewed using a GUL The
(GUT may be displayed on s display monitor. Other user intexfaces that may be utilized with the
methods of the invention include, but are not himited to, alert systems, web-based interfaces, text
interfxces, sound igterfaces, bateh interfaces, and inteliipent interfaces, In an embodiment of the

invention, the user interface can remotely communicate with the systerm.
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[60183] By acquiring data from a subject at multiple points in time, a trajectory of the subject data
can be processed, For each fime point, a processor may salculate the position of the subject data
time point in a probability space. A trajectory is created by connecting at Jeast two time points of
subject data. Different vector parameters of the fmjectory can be caleulated such as distance, speed,
direction, and acceleration. The vector parameters can be calenlated by a processor. The processor
may be the snime aa or different than the processor used to constracet the probability space.

[06184] Based upen rules imposed by a user, the position or trjectory of subject data may activote
an alert, The alert or alest system notifies the user when the subject data conflicts with arule
imposed by a user, For example, & rule may comprisc the probability of a subject of developing an
adverse drug reaction (ADR) is greater than 60 percent. Wien the probability of the subject data
exceeds the rule, an alert is cotomunicated (o & baer,

[80185) Examples of an alert include, but are not limited to, a sound, a light, a printout, a readout, »
display, a page, an ¢-mail, a fax alert, tolephoric communication, or a combination thereof. The alert
Toiy commiunicate o the uger the raw subject data, the calenlated position in probabitity space of the
subject data, the trajectory of the subject data, or a combination thereof.

{00186} A nser is most prefernbly medical personnel, In an embodiment, the same user has access to
the subject data, establishes the rules for alexting the vser, and Is alerted by the alert. The vser may
also be the subjeet, For example, a dlabetle paticnt may thonilor his personal glucose levels or ather
biomarker levels. Inanoiber embodiment, r user has access to the subject data al any step of the
mathematical model.

[09187} Fig. 10 demonstrates a nelworking method of assessing the medical condition of a subject.
A system of communicating infonnation may or may not include a peader for reading subject dais,
For exsinple, il biomarker data is acquired by a microfluidic point-of-care device, the values
assigned o different individual biomarkers may be read by the device itself or a separate device,
Another example of a reader would be a system to scat in subject data thet has beeu entered in an
clectronic medical tocord or a physician chatt. A [uriber example of a reader would consist of an
elecironic patient record databage from which subject dala could be directly obtained via the
comnunjcations network.

{00188} A user station.way be incorporated into the methods aud systems herein, The user station
can act as a reader for reading subject data or a5 a datz entry system, The user station may elso be
used to conmunicate dala information direclly fo & user, such as medical personne! or the subject.
The user station platform roay be a cornputer or one of & wide variety of hardware platforms that
runs any operating system. The platform may read and write to and from a storage unit. A storage
unit may be incorporated within the user station. As wiil be readily apparent to those of ordinary

skill in the azl, other hardware soay be used 1o oxecole the methods of the invention.
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[06189} According to still further embodiments, a server may be provided for nse in assessing a
medical condition of a subject. In soms embodiments, a reader and/or user station communicates
with a sorver, The server may comprise a network interface and a processor. A storage unit may siso
be provided In the server, The storage unit is coupled fo receive the patient date from the input
device, reader, or user interface, and to store the patient data.

100190] The storage unit may be any device capable of storing data for a Jong perind of time, either
as a coroponent of the platforny, or as a sepeeate entity that is coupled to the network. Although any
appropriate storage capacity roay be used, the capacity is typically ai lsast ten megabytes and more
usually at least twenty gipabytes. The storage unit may be permanent or removable. For example,
the slotage unit may be as magnetic random access, such as flexible or hard disk drive, magnetic
sequential access, such as tape, optical mudom access such as CD, DVD or Maguetic Optieal drive,
and solid state memory, such as EPROM, MRAM and Flash. In addition, the prosent invention
anticipates other storage devices. All of the aforementioned storage vnits are by way of example and
are not intended to Yimit the choices that are or may become available in the art,

[080191} In rome embodiments, the data are further manipulated prior to storage by the processor
compressing the data. Some dala are very [arge and compression permits conservation of storage
space. In the absence of compression, this large amount of data may present a particular problem for
the storage of medical infortaation,

{00192] In other embodiments of a system for assessing (he medical condition of a sulject, data
storage, processing end control of data are implemented on a gerver that js in commmunication with a
user station. Optionally, computations with the data may be performed on the server 83 well, In this
cliemt-server embodiment, the server is commuuaicatlvely coupled to one or more user stations by
local area network (LAN), imnplemented with Ethernel, Wi-Fi, Bloelooth, USB or Firewire, a Wide
Area Network {WAN) such ag the Internet, implemented by broadband cable, xDSL, T1,
meiropolitan Wi-Fi or other high speed communications dows to plain-old-telephone-service
(POTS).

{00193} A user station is in comumunication with a server (o’ oulput the infonnation processed by the
server. The user station may be the sarne or different from (he user station or device used to input
subject data into the system. The user station way also be an alert or a waening systemn. Hxamples of
a uger slation include, but are not limited to, a comaputer, a PIDA, a wireless telephone, and a
peronal device, such 89 an iPod, The user slation roay be in communication with a printer or a
display moniter 10 output the information processed by the server.

§00194] Iv a networked system comprising a server, any wunber devices may be members of a
medical network enterprise and aceess a central collection of medical data stored ina server. A

given user station may have gccess lo enoomots amoun(s of patient data from healtheare sources
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anywhere in the worfd. Iu one application, data from muitipie practitioners are acemmuiated for
defined clinical frial studies.

100195} Statistical information i provided to the user of the system, preferably st the point-of-care.
‘The point-of-care is where treatment is impletnented. Advantageously, the dynamic and real-time
characteristics of Internet usage are captured in this feature. This epables medical personnel or the
subjeot either in the office or in the fisld to instantancously be notiffed of and presented with, for
example, a subject’s medical condition and statistica! information pertaining to the subject data.
{00196] The user station, alert systom, or ouiput device may encrypt (he data prior to data
transmission. The dafa can also be encrypted by the processor to protect private information. A
variely of encryption schemes mey be used, such as public key encryption or private key encryption.
The eneryption components may be stand-alone components or software componetts. The server
may slso include a decryption unit for decrypiing received subject duta prior to storage.

[00197) Tn ac alternative embodiment, if the communication bandwidth between the user and the
server becornes restrictive (for example, if the server is “down', the model can be duplicaled and
reside i a misror server at & user station, Updates and communications between the server and the
snirror server can be done ofl-line at predetermined times. On-line requests from the vser can be
handled loeally by the mirror server. This alternative provides increased reliability for users, since
{he on-live processes do not depend on ontside networks.

[00198] kn an alternative configuration of the dais analysis system, clieat-based architecture is used
where storage, dats processing and computations are performed on a vser station, An input device
trangmits data from a source to a platform. The platform is coupled o a display through a display
controlter. The display may be any one of 2 number of conventional display devices, such as a liquid
cryslal display or video display. The platform contaius a storage mnit, 8 proceszor and an interface
for communicating with the input device. The storage unit ns a database for storing, manipulating
and retricving subject data. The storage unit also may store and run an operating system. The user
station platfornx may be a compuler or one of o wide variety of hardware platforms that runs any
opernting system. The platform may read and write to and from its storage unit. Az will be readily
apparent o those of ordinary skill in the att, other hariware may be used to exccute the software,
HeI99] In another aspect, computer readable ingiructions arce provided, which when executed cauge
a pracessor to: provide a probabifity space delined by a sat. of disciele clinical oslcomes, cach of
which fs characterized by s statistical distribution of at Jeast one biclogical marker; obtain subject
data corresponding o the at least one binlogical marker; and caloulate the position of said subject
data in said probability space Lo assess the probability of a medical condition of said subject.
[#0200} The conputer readalile instructions may bo a part of a software package. The sollware
package can be provided wilh a server of the invention or an nput device, such aa a microfluidic

point-of-care device.

-20-



i0

15

20

15

30

35

166201} In an crobodiment, compuler readable instructions comprise instructions for creating s
trjeclory between two titne points of subject data, The instractions may also cause a processor to
caloulate vector parameter of a trajectory, puch as speed, position, heading, and acceleration.
{60202} Computer readable instruetions may direct a processor or oufput device to output the
assessment of 2 medical condition. The instructions, when executed, may display a graphical
representation on a monitor, print an vutput on a printer, of activate an alert or alarm.

(00203} In another aspect, computer readable instructions may be stored in a computer readable
medium. In some embodiments, the oomputer readable medivaa that stores instructions is s storage
unit a5 described herein, Still other embodiments may provide a computer readable medium having
stored therein a plumality of scq}wnceé of instructions, which, when executed by a proeessor, execute
# method of the invention.

[60204] The compuicr readable instructions when executed can cause a processor to provide a user
defined alert condilion based on an assessment of trajeciory parameters of the subject data s the
probability space. In an embodiment, the tajectory paruneters ate at least one of speed,
acceleration, direction, and position,

[60205] As used herein, a “computer readable medium” refers to any medium which can be read and
accessed directly by a computer or a processor, Featured computer readable media include, but are
not Jimited to, magnetic storage mediumn, optical storage medium, electrien] stornge medivm, snd
hybrid storage medium of any of these categories.

{60206} The computer readabic insfructions can operate in a soflware runtime environment of the
processor. In an embodiment, a software runtime environment provides commonly used functions
and facilities required by the software packege. Examples of a soflware nuntime environment
include, but are not limited to, computer operating systems, virtual machines or distributes) opetating
syslems. As will be apprecinted by those of ordinary skill in the s, several other exampics of
runtime enviropment exist.

002071 The computer readable medivm may be g storage undt of the present invention as described
herein. It is appreciated by those skilled in the ant that computer readable niedinm can also be any
available media that can be accessed by a server, o processor, or 8 computer.

100208] Conputer readable media includes volatile and non-volatile, retnovable and nonvemovable
media implemented in any method or technology for storage of information such as computer-
readable tnstructions, data stractwres, program modules, or other data. Computer storage medis
includes, but is pot limited to, RAM, ROM, EPROM, FEPROM, {lash memory or other solid state
memory technology, CD-ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other maagnetic storage devices, or any other medium which can be used to

stote the desired infottmation and which can be sccessed by the computer, A skilled artisan can
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readily adopt any of the presently known methods for recording information on a computer readable
medium,

[09209] The eompuler readuble medimm ecan be incorporated as part of the computer-based system of
the present invention, and ean be employed for a computer-based assessment of & medicat condition.
{002190] Healthicare Operating System

{00211} Different aspects of the invention can be used and developed for healthcare systoms,
Examples of such syatems ioclude point-of-care systems, a healthicare operating system or a
combination of both, For example, 8 user may test a blood sammple with & device ond the information
from the test can be provided to 1 system or method of the invention, which in turn sends additional
information to the user.

{60212} In an embodiment, & healtheare systen is part of an indegrated infrastructure buill around
real-time, poind-of-care disposable blood monitering devices whieh analyze about 10 microliter
samples in a simifar mannet to automated replication of the m=mal processes run by a central
inboratory. In an integrated infragtructute, information can be witelessly transmit from an assay
devics to a database which integrates dals from the devica with stored data from disparate datnbases
{patient record, genetic ar genomic information, data from clinical trials) inlo a cential database. The
system can then altow for the automatic application of mathematics (o e databsse in the context of
the pathophysiclogy of a given disorder, For example, a healtheare system can be vsed to rapidly
improve the labet of key drugs through adaptive clinical studies which can generate publications for
Iabel expansions for vew indications, patient subpopulations, and for ameliorating safety concerns,
[00213) In an embodiment of the invention, a healthcare system can be wtilized for home, real-lime
blood monitoring has siguificant Implications which allow us to collect information which cannot be
seen using the conventional blood tesling infrasirueture.

[00214] Fig. 11 illustrades an exemplary embodiment of & system of the invention. Real-time
acquisition of subjeet data can be necomplished using a point-of-care device. The point-of-carc
device can acquire, store, and/or manage information based upon a specific disease or compound.
The point-of-care device mey also be in communication with the usor or & compuler or system
belonging to the user. A point-of-carc environment in this example can be the home or the clinie.
Also Hlustrated in Fig. 11 s transmitting information in real-timme from the point-of-care devicc fo a
server or gysletn that is capable of converling the information or data to a physiologically relevant
context. This can be acoomplished by translerring the nformation to & daiabase or a plurality of
databases. The databascs can be on a server or a plurality of servers, In an embodiment, & centralized
database ropository is used to analyze the data and return the data {o an end user in a physiologically
relevant context, The dala can be returned and, in the cxample of Fig. 11, information, such as

clinically relovant and actionable inforntation, can be refurned to a ager through browser-based
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software spplications. The information could be used (or adaptive clinjcal trials and publications if
the end user is a medieal researcher or pharraceutical company.

[00215] A sysiem of the invention comprising a point-of-care device in communication with a
healthcare system may not requlre the nsfer of samples, such as transportation to a laboratory,
which in turn, can improve the integrity of a sarnple. Detection of an anslyle in a system or method
of the invention can be provided in real-time at the point-of-care. Renl-time detection integrated
with & healtheare centrat database system can allow for the creation of complox longitudinal dala
geries gequited by an imonnoassay device.

[00216) Fig. 12 demonstrales an exemplary system of the invention, wherein & bealth care operating
syslem comprises data infrastructure, mnodels and algoritbms, and software applications. The data
infrastructure can be nsed by a phatmaceutical company for clinical irials across an entire
pharmaceutical pipeline. A model or algorithin of the heallh care opersting system can comprise, for
example, predictive and dynamie, ioullivatiate, mulli-dimensional models that can be customized for
program-specific ohjectives and that can map diseass progression and regression. A system can be
integrated with back-end algorithims, models, aud data in the data infrastructure, For example, a
system cen trausmit individualized content. to users on device touch-screens or mobile phones. The
foedback may assist with behavior modification and increase compliance with therapy. The
algorithims described herein enable correlation of blood data to efficacy dynamics profiles, behavior,
lifestyle, diet, and side-effects. _

[60217] Content can be based on data for patient classes, which reeoguizo physiological aud
psychological pre-dispoyitions as well as local socio-environznental influences, In another
embodiment, a systemt can link users through social networks, where success stories compound
thraugh the combination of each tailored home heslth system with a given therapy,

{08218} The health care operating sysiem can interact at the point-of-care with cousumer gysieins,
such as an assay cartridge, an assay reading device, or a mobile device sucl as a cell phone. The
field units can be integrated with point-of-care home and mobile moniloring systems. Field units can
be remote, portable patient carc systems nid can provide ost-aite, real-thne, automatic processing of
cartridges for blood analysis, in some instances, field units comprise a user interface, allowing
palient to initiale arsays and praphically enter s variety of relevant information, such as: patiept
digries, environmental, bebavioral, and psychelogical infermation, and two-way communication
system from the instruments to medical personnel or mebile phoncs and back te patlents with
refevant content, messages, and health information. It sone instances, blood and environmental dan
is automatically (for example, wirelessly) transmitted inlo models in real time,

[08219] As described herein, a healil: care opernting systenk can comprige infonnation integration
and exploiiation infrastmeture that permits, for example without limitation: data scquisilion and

slorage of point-of~care results it real time, integration of blood parametars and patient diary dats
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with all other physiologically relsvant information, and 2 central mathematical software prograni,
The cential athematicnl soRware progyam can graphically visualize, help lo interpret, and snaltyze
all data in one place and link any new information info a disease management system that then maps
the information anto a probability space of clinical cutcomes. A health care operating system or a
field unit can provide a graphicai display of elinically relevant and actionable information back to
the health care provider and/or the patient or user.

{00220] Possible applications for a healihcare systein of the invention include, but are not Limiled to,
an integrated link to an adaptive clinical trial or healthcare menagement systein, drug and systems
combinations for post-prescription monitoring, a healthcare operating system (for example, a server
coutrolied point of care whole blood monitoring systerns), and identification of correlations to
efficacy of key compounds during clinical studies.

[00221} In an cimbodiment, a system can provide a graphical portrayal of integration of available
data sefs to a user.

[(0222] Tty another embodiment, a system of the invention can generate data that may serve as
ivstorical data in fature studies. A system can be customnized according a the needs of s user, for
example, extracting relevant information from a pharmaccutical company’s existing databases, a
central mathomatical software program which allows a pharmaceutical company to visually see,
interprel, and anatyze all of their data in a place and is linked to a clinical trial system.

{00223} When utitized with clinical trials of pharmaceuticals, a system of the invention can provide
an vaderstanding of compound efficacy, discase progression and patient response that may not be
possible using the conventional bicod iesting infrastructure.

JU0224) A database and a healthcare systei can be customized (o monitor irends protein assays aver
time and their relationship to disesse progression across different indications whife aceounting for
the other relevint variables or biomarkers in the pathophysiology of the diseasc. The customization
can be designed {o automatically incorperate all relevant data for use in mapping discase progression
across relevant indications and are the foundation of historical dada. The maps and baselines can be
used it designing future studies and in futare stizdies to extract better information from bleod test
results and provide early reads on cfficacy across different indications.

{00225] Fig. 13 demonsirales an cxemplary dalebasze comprising an ontology of biomarkers Ihat are
refated some types of imedical conditions. For exatnple, sepsis as 1 digease is calegorized as &
pathophysiclogy and is linked in this ontology to Acute Liver Failure (ALF), Disseminated
Intravascular Coagutation (DIC) and the like. Bach of these pathologies can be considered a
sequellac of sepsis in the context of this ontology. In this example, a drug used [0 {zcat sepsis is
CytoFab. Insome instances, the sequetlae can bhe characterized by the spectra of biomarkers as
deseribed in Fig. 13. For example, ALF is characterized by specific patterny of ALT, AS’].; , GGT,
and Alkaline phosphstase.
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[060226] In an aspect of the invention, the methods, devices and systems disclosed herein ean
comprise o healthoare operating system. A healthcare operating systetn can cowmprise a central
control system for delivery of care to consumer and for an economio moded for payors and payces.
{60227} In an embodiment, s healthcare aperating system can provide an early system possibly to
detect the onset of disease. A systetn can further comprise 2 leamning engine that ties to the
preferences of 8 user or an insuvance provider based on diug availability, tacgeted response rate, or
payment siruciure,

00228} A computer systen or server of the invention can inchude a dynamic leaming engine, for
cxamplo, as the sysfem or server receives data, the operations of the system or server can be
updated. A systetn or server can afso call into stloed databases, sxtracts, and locally store
{permanemnily or temporarily) informntion in & central dats reposilory.

[60229] In another embodiment, a healtheare systern can comaprise & communications portal for a
user to commnicate an array of informntion to the system, such g9 weight, nicotine consumption,
food consumptlon, exercise, and physchiatrie variables.

{00230 Fig. 14 illustrales an example hiemarchy of a healtheare operating system of (he invention.
The centrak operating system has acoess to a data infrastructucs and monitoring devices for obtaining
subject data, As demonstraied fu the example in Tig. 14, the data infrastructure can comprise a
search tonl, communication Hnks, analysis of data, and applications. For example, = communications
tink can communicate {o-a consumer, clinician, or HMO. A clinician can use the information for
supplification and effectivencss of hig decision making or ag a dataknowledge base background. An
HMO could for example receive information of a clinieal frial, such as drug efficacy and the costs of
the drug use. Analysis of information in the data infmstructure as illustrated in Fig. 14 can inchude
generation uf a trajectory, fezzy logic guidance, colfaburative filiering prediction, discase maps, and
data reports for clinical trials or new drug discovery, Examples of applications of a data
jufrastructure include reports {public or privaie), aleris (for exampile alorts of a nser, clinician,
ciinical trial, or a pharmacy), and dynamie, adjustable trials,

[00231] Also demonstrated in Fig. 14 is the hicrorchy of information received by the exemplary
operating systen from monitoring devices, The devices and operating system, can munitor and
release drugs if necessaty. In a proferable embodiment, the devices monitor analtyles in a hodily
fluidk, For example, when moniloring blood, the devices mmay be capable of exccuting prescription
blood tesls Tor a clinical or prevenlative sclling or eveluate drug sysiems as demonstrated,

[00232} I an aspect, a system s disclosed that solicits input {rom the user or his agent (for example,
a physician) to facilifate a conversation between the subject and his agent about the statug of the
person’s health at a tiine. Examples of jnput that can be soliciied by a system inchide, but are not
tunited to, establishing alert levels, medical notalion, and personal notation. The system can acquire

clinically relevant information about a person and place the inforation in 4 physiclogically-
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reagonsble confext. BExamples of clinically relevant infortation include, but are not iroited to, age,
gender, roe, medical history, and genomic information.

{00233} In. an embodiment, time dependent data can be representative of overall clinical health or
respouse, including n diagnosed disease condition that requires monitoring, » response profile for a
particular drug or combibation of drugs, or subject observed observations of his health,

{00234 Calculated or observed information can be provided to a user, Examples of users include,
but are not limited to, a paticnt, a physician, a clinical monitor for a clinical irlai, and oilser medical
personnel,

[00235] Information can alse be integrated into a central repository for inclusion inlo, for example, a
medical record or a clinical trial report.

[00236]Fig. 15 demonstrates an exemplary system of the invention wherein an analysis database can
receive information from a database containing data from o reader or cantridge database, higtorical
databases, a patient database that can contain data entered by a paticnt, and a customer database.
Other features of a system of the invention are demonstrated in Fig. 13. The gystern is capable of
performing analysis oo data received by the system. The analysis can be any method as deseribed
herein and can include developing or utilizing o discase map, using statistics for a statistically
analysis of information within the systein, reporis or gtaphs, and/or a combination of the different
methods /s deseribed,

100237iFig. 15 also illustates 2 user interface that imay be utilized in a systom of the invention, The
user interface can interact with any of the components denonstrated in Fig. 15. In a preferable
embodiment, the uger interface allows a user o interface with the gystem 10 determine test data or
analysis outcomes, soch es pliysiologically relevant infonnation. The user interface may be & touck
screen, monitor, keybowd, mouse, or auy other iem that allows & user {0 interaet with a sysiom of
the invention as would be obvious o one skilled in the art.

1002381 As shown in Fig,. 15, a system can be utilized to manage a reader or point-of-care device,
This can include manegement of a cacdridge to be inverted iato the reader for measnumement of data.
For example, the system can provide the reader a prolocol for running an immunoassay of the
cartridge. A system of the invention can also provide information 1o the reader for calibration of the
inwnunoagsays nm on the cartridge that are run or executed by the 1eader. Reader management can
alse include information for assigning the reader fur the appropriate rending system for reading on
impaunoasgsay from e point-of-care cartridge. Reader manapgement can also include comrective and
preventive actions (CAPA), which is an ingtrument of integrated and comprehensive compliance
management. An clement of the CAPA approach is an effective and systematic processing of quality
deficioncies, eirors and walfunctions with the goal {o provide sppropriate comective actions aud
consistenily prevent a reaccurence of non-conforaance situations. The CAPA strategy was

developed by the Food and Drug Administration (FDA) for the inspection of medical produsts.

35



15

20

25

10

35

100239} Systems and methods described herein can be used for pliammaceutical clinical frials. fix
some instances, the systems and methods accelerate trial tisnelines by an average of 18 months. In
somne instances, a system or melhod berein may provide dose-response and efficacy dynsmics
profiles in less than {8 months, less than 15 months, less than 12 monihs, less than 10 monihs, less
than 9 months or even less than 6 monibs. Real-time phannacokinetics and pharmacodynamics may
provide belter efficacy and more rafety information. The methods herein may also decrease the risk
of toxicity stowing approval or restrieting use by shifting dose across: sub-populatious, concomnitant
medications, and multiple indications. In other instances, a gystem or method herein can improve
predictive visibility into pathway dynamics. A model as describe can prodice predictive ingights and
power sirategic decisions. A system can support communications with regulatory authorities
internationally and can facilitate ‘Yearn and confirm” strategy for adaptive clinical trials.

[00240) A. system herein can include a dala management systent. The data management systent can
be operated through a plurality of devices or systems, or by # singie central server. An example of
data management of a system of the Invention is shown in Fig. 15, A dats managemenl system con
receive input or output from, for example, a point-of-care reades, a databose {such as an spalysis
databaze or a historical database), and a terminal (such ag a usey interface). A data management
syslem can afso conduct storage management, for example, storage of a patient’s individuaf data or
storage of information related to a particular disease or drug profile. For example, if usiug a system
audfor method of the present invention to conduct o clinieal trial on san cxperimental drug, the data
management and storage management systems ean receive data from the point-of-care from a
reader, and then store the information in databases for analysis of the data, Both the patient data and
the avalysis data roay then be stored for future use ol a system. For example, if one side effect is
poted in & patient in Phase I of a clisical tial, (hat side effect information may be used for the
analysis of reaults of a patient in Phase 111 of the clinical trial. As another example, a diabetic
individual may receive a glucose moasurement at an eazlier time, which may then be used to

evaluate the condition of the individual at a Tater e following anolher measurement.

EXAMPLI X
{B0242] Prostate caneer and anti-anglogencsis treatment
{00242 A Phase I or Phase Ha clinical trinl for treating a subject diagniosed with prosiate cancer with
an apli-angiogenic drug allows for dose adjustments during the tsial. The subject is monitored over a
cowurse of tirne during the clinical study. The method of action of the anti-angiogenic drug is to halt
the growth of blood vessels ju and around the tumor, thereby depriving the tumor of adequate blood
supply. This may induce ischemin and nutritional necrusis it the lumor, thereby debulking the

{umor.
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[80243] After the method of action is determined, discrete clinical putcomes are chosen by mexical
personnel, such as a phiysician or clinical monilor. The discrete clinical outcomes chosen in this
example are completo response (CR), pastial response (PR}, non-tesponse {NR), and adverse drug
renction (ADR). The ADR related to the anti-sngiogenic drug is hypertensive encephalopathy in this
example.

[00244) Six biomarkers represemative of the clinical outcome of the subject with prostate cancer are
chosen to define the discrete clinical outcomes. The biomarkers are PSA, TPS, hK2, VCAM-1,
Endethelin-1, and 6-keto-PGF-1-¢. Using these biomarkers and the corresponding historical data on
the progression of prostate cancer treatments with anti~ingiogenic drugs as well as data from other
subjects in the clinical trial, a cluster analysis is performed. Fach discrete clinical outcome is
assigned to a centroid of one of the elusters.

[00245] Before the subject is treated with the drug, the subject v assigned s position. in the
probability space based npon the subject’s data from the relevant biomarkers. The probability of the
subject belonging any of the diserete clinical outcome clagses is determined using the Mahalanobis
distance, from which a prohability is celculated using n Bayestan estimation. The result of this
calculation returns the four probabilities corresponding to the four clinical outcomes of the example.
The position of the subject is detcrmined by plotting the four probabitities in the probability space.
[08246) The probability space corresponding to four clinical outcomes is graphically displayed as a
square in tvo dimensions. The user of the model, in s example, medical personmel, establishes
rules for the medical condition of the subject based the subject data’s position and/or trajectory in
the probability space. Each discrete clinical outcome has a line representing the rufe established by
the medical personnel, as shown by the daghed lines in Tig. 16 . When the subject crosses the dotied
fine iowards the CR or PR conditions, the subject is substantially {frce of ADR and has improved
highher prognosis,

100247] In Fig. 16, the trajectories of two differcnt subjects are plotied, Subject 1 has a trajectory
that starts in the middie of the probability space and then heads towards the ADR condition. In this
exatiple, (he medical personne] may notices the frajectory’s speed or acveleration and intervene in
the treatmzent. When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
alarm is activated. 'The medical personnel react accordingly-

{66248] Subject 2 has a trajeciory that heads towards the NR condition, The dose of the anti-
angtogenic drug treatment is adjusied corresponding to the rules establishied by the medical
persennel. Afler the adjustoent of the dose, the tajectory heading changes towards the PR

condition. The exarsple illustrates 2 methed and embodiment of the invention for monitoring a

clinical t1ial.
EXAMPLE 2
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100249} Scpsis and Antl-TNF treatment

106250} Subjects with confitmed or suspected sepsia or systemie inflammatory response syndrome
{SIRS) are treated with an snti-THE therapeutic during & Phase I (dose adjustment alfowed) or 8
Phase I {no dose adjustment allowed) clinical trial. 'The subject is monitored over a course of time
duting the clinieal study, The method of action of the anti-TINF drug is anti-inflasmsmatory. The drug
is aimed at preventing or circumscribing downstream sequellae of sopsia. Typically, the anti-TNP
drug is given in conjunction with a broad speciran artibiotic,

[66251] After the method of action is determined, dizerete elinicel outcomes are chosen by a
physician. The discrete clinical outcomes chonen in this example are response (R), non-tesponse
{NR), and four sequeliae (disseminated intravascular coagulation {DIC), acute respiratory distress
syndrome (ARDS), acute liver failure (ALE), and acute renal failure (ARF))

100252} Twenty biomarkers representative of the medical condition of the subject with confirmed or
suspected sepsis arg chosen to define the discrete clinical outcomes. In this example, the biomarkers
fall inte muultipie categories to monitor the different discrete clinical outeomes as defined by the
physician. Lipoprotein Binding Protein (1L.BP) biomartkers measure infectious growth and the R and
NR conditions. The LBP biomarkers are LBP, TNF, CRP, IL.-6, and IL-8. Riomarkers that are
relevant to the DIC condition are von Willebrand’s factor, Protein C, thrombin, procalcitonin,
neopterin, and PAP-1. The biomarkers of the ARDS condition are von Willebrand's factor, JL-6, 1L~
8, IE.-1, and TNE, The biomarkets of the ALF condition are ALT, AST, GGT, LDH, Alkaline
phophatase, bilicubin, and Protein C. The biomerkers of the ARF condition are Creatinine and
Cystin C.

[00253] Using the biomserkers described in this cxample and the correaponding historical dala on ihe
progression of sepsis and the treabnent of sepsis with antisTNF therapeutics as well ag data fiom
other subjects in the olinical trial, a cluster analysis is performed. Bach discreto clinical outcome is
assigned to a centroid of one of the closters.

[00254] Before the subject is treated with the drug, the subject i3 agsigned a position in the
probahility space bssed upon the subject's data from the twenty biomarkers, The probability of the
subject belonging o any of the discrete clinical outcome classes is dotenmnined using the
Mahalanobis distance, from which a probability is caleulated using a Bayesion estimation. The result
of this ealculation returns six probabilitics cérresponding Lo the six clinical outcomes of the
example. The position of the subject is detenmined by plotting the six probabilities in (he probability
space.

{(0255] The probability space corresponding to the six discrete clinical outeomes is graphically
displayed as a hexagon in two dimensions. The physician establishes rules tracking non-responsive

subjects and possible advent of sequellae. The mles are plotted on the hexngonal graph as lines as
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ilfustrated in Fig. 17. The medical condition of the subject is based the subject data’s position and/or
trajoctory in the probability space,

[00256]In Fig. 17, the trajectorles of two different subjects are plotted. Subject 1 has a trajectory
that starts with a high probability of baing a member of the DIC conditjon. However, as the
subsequent time points are taken, the subject trajectory moves away from the DIC condition and
towards the NR condition. When the phiysician notices the trajectory’s speed and heading, at T = 6,
he raizes the dose. AL T = 9, the subject’s posilion in the probability space has a high probability of
being part of the R condition. The physician essesses the medijcal condition of the subject at any
poind in fime along the subjoct’s trajectory.

{80257} Subject 2 has e trajectory that begins in the middie of the probability space and licads
towards the NR condition at T = 1. Iowever, at T = 2, the subject’s position and @ajectory are in
violation of the rule established by the physician and an alarm is sounded. The alamm alerls the
physician that the subject hag n high probability of suffering fram one of the dangerous clinical

outcomes of sepais.

EXAMPLE 3
{60253] Diabetes and Insulin Sensitization
{00259) Subjects with non-iesulin-dependent Type 2 dirbetes are treated with a commercially
available insulin sepsitizer and ave monitored for efficacy and safety wherein the primary ADR of
concern i congestiva heart fatlure (CHF). The subjoct i3 monitored over a course of time duting the
ciinical study. The method of action of the insulin sensitizer involves re-establishing insulin
sensilivity in the subject via antagonism of a nuclear receptor in the adipose tissue and the liver. The
ingulin sensitizer and method of action act to increase glucose uptake in (he poripheral tissues and
thus reduce the circulating glycemia,
{00260} A subject and a physician choose the best set of discrete clinical vulcomes and rules for the
subject based on personal information. The diserete clinical outcomes are response (R), non-
response (NR), and adverse drug reaction {ADR). The ADR is congestive hearl failwre.
[00261] After the three clinical auteones are chosen, biotnarkers most reprosentalive of the medical
condition of the subject nre determined by discriminant nnalysis. The biomarkers representative of
efficacy of the insubin sensitivity tiestinent are gliscose, insulin, adiponectin, and resistin. The ADR
of congestive heart failure idontifies the representative biomarkers as Brain nalsivretic peptide
(BNP), amino-terminal-pro-BNP (N-BNP), atrisl natriuretic factor (AINF), 1L~1§, Troponin-C,
Cardiae fafty acid binding protein, Myosin light chain-f, Myoglobin, MMP-9. Using these
biomarkers and the corresponding historical data on the type 2 diabetes, a cluster analysis is

performed. Hach diserele elinical outcome is assigned {o a centroid of one of Lhe clusters,
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{00262] Before the subject is trexted with an insulin sensitizer, the subject is assigned 4 position in
the probability space based upou the subject’s data from the refevant blomarkers. The probability of
the subject belonging auny of the discrete clinical cutcams classes is determined using the
Mehalenobis distance, from which a probability is celenlated using & Bayesian estivnation. The result
of this calculation refurns three probabilities corresponding to the three clinical cuteomes of the
example. The position of the subject is determined by plotting the three probabilities in the
probability space.

(00263) The probability space cotresponding to theee clinical outcomes is graphically displayed as a
triangle in two dimensions. The physician and subject establish rules inost important to the
individual diabetic subject. The rules aro fo track the NR and ADR conditions. When the probability
of belonging to the ADR condition class increases beyond a boundary defined by the mule, an alann
is triggered. The dose is increased according to a rule when the subjoct bas a high probability of
being a NR.

00264} In Fig, 18, the itajectories of two different subjects are plotted. Subject 1 has a frajectory
that starts in the middie of {he probability space and then heads towards the ADR condition. In this
exampie, the subject may notice the trajectory’s speed or accelerntion and ask the physician if a
chapge in treatment is necessary, When Subject 1's trajectory erosses the dotted line towards the
ADR condition, on slarm is triggered. The subject may react by going to the hospital.

[00265] Sehject 2 has » trajectory that hieads fowards the NR condition. The dose of the iosulin
sensitizer is adjusted corresponding to the rules established by the physician and the subject, After
the adjustment of the dose, the trajectory heading chatges towards the R condition, The example
illusteates a method of the jnvention for monitoring a diabetic subject taking a comamercial insulin

sensitizer and, wilh the help of a physician, monitoring Uie subject’s own condition at home.

EXAMPLE 4
{00266} Grapbical Ropresentation of the Clinleal Qutcomie of a Subject
{10267] The example demonstiates s method for communication of the results from the
testhematical mode] to & user, The method is to plot a series of poinds and vectors in a spaee
bounded by a polygon, The vertices of the polygen represent the cenfroids of clusters of discrete
clinical outcomes. The position of the points represenis the probability that the subject data belongs
to each conuwid. The probability of the point belonging to the diserete clinical outoomne is inversely
propoxtional to the distance of that point from the vertex. Since the vertices represent all the
significant chnical outcomes, the sum of the probabilities for a given point must be 1.
|UGZ6B] A 3ot of vectors i created where each value of 2 vector represents the probsbifity of

membership in each of the clusters. The modulua {magnitude) of the values is the probabifity and the
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argument (angle} of the veclor points o & vertex, which are equally spaced. The vectors are suinmed

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

‘Table 1

Discrete Clindenl omtcome

Time Point R NR ADR1 ADR2Z ADR3

I 20 20 20 28 20
2 25 30 25 20 20
3 30 14 0 20 20
4 40 10 10 0 20
5 50 10 10 10 20
6 60 i 10 1¢ 10
7 80 19 5 5 0

8 100 O G ¢ 0

{00269] For example, in Table 1, cach row represents the position of one point, The columns,

labeled at the top, represent the probabilfily that the point is & member uf that cluster. So, in the first

row, the probebility that the point is in cluster “R™ is 20%, that it is in the cluster “NR” is also 20%,

and 50 O,

062781 For the date in the table a graphical representation is created as illusteated in Fig, 19. Wesee

that the surrounding polygon has five vettices, cach labeled as ove of the columnsg in the tabular dala

above. The (rst point of the sed, at the (ail of the eliwin of arrows, is at the center of the drawing,

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

others. In this example, as the irajectory grows through Hine, the probability of the subject data
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teaches a finnl point that has 100 per cent chance of being in cluster “R™ and zero per cent chance of
being elsewhere, Correspondingly, the final point is at the “R” vertex.

{60271] Additional information can be inchuded in the output of the probability space, including the
points representing the dafa of {be discrets clinical outcennes that defined the clusters and centroids.

Fig. 20 illustrates 2 graphical representation of tho cluster data points.

EXAMPLE S
{00272} Drug development is an extremely risky proposition. Over the Jast decade, the fatlure rates
for clinical programs have been identified es high 0% with an amortized cod of nearly one hillion
dollars per approved drug. These failures are due to any number of factors. These inctude, but are
not fimited to: 4 faulty hypothesis as to a taxget’s role in the evolution nnd pathophysiology of the
disease; the testing of that hypothesis in an inappropriate, and non-predictive, animal model; s faulty
hypothesis regarding a compound’s MOA; inappropriate dosing schedules for individuals within
target subpopulations, including insppropriate pharmacokinetics/pharmacodynamics (PK/PD)
characteristics; and developing untoward physiological effects (for example, Adverse Drug
Reactious - ADRS) in soms segments of the pationt population and thus decressing the therapeutic
index for the compound in that population.
£00273] This example demonstrates using a Type 1 biomarker for a compound within a partioular
therapeutic arca {o: (8} validate the undeaalying hypothesis regarding the method of action for the test
compound; (b) identify, and then enrich, the appropriate responder subpopulation in 8 confinmatory
wial; and () dovelop a truly adaplive dosing protocol bagsed on the individuni FKs and FDs of the
responder population.
[00274] A real-titne monjtoring system iz used Identify the emergence of these characteristic
subpopulntions endier rather than iater, {o efficiently manage and confrol the clinical trial and allows
the clinical research team wake provise decisions regarding trial manageoment, On a patient by
patient basts, it dynamicnlly identifies the compound’s effects in one paicular tral subject, and
then physically titrating that paticat’s dosing reglmen o accotumnadate a traly adaptive “Leamn and
Confinn” model of drug development.
{00275} Longitudinal sampling of proleing is performed withy each patient, wherein the proteins
represent both the pathophysiology of the diseage and the method of action of the compound, A
standord cluster analysis is applied at cach sample thne point in the longitudinal sampling space that
is consistent with the evolutionary dyuamics of the pathoplrysiolapgy of the disense, and the
purperted method of action and PD of the test compound.
[00276§ Identification of the dynamics of the emnergence of separate subpopulations within the trial

sample population can be performed with two cowplementary chistering statistics: Cubic Clustering
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Criterion {CCC) and the Pseudo-I¥ which help the end-user establish the number of clusters
emerging within the geometry as detnoustvated in Fig, 21,

{00277 The end-user uses both the statistics highlighted above and. a visual inspection of the cluster
scatier plots to make the final determination as to how many distinet subpopulations exist in the
clinical study, Cuiding this detenmination will be a fore-knowledge of the number of treatment
(eohort) arws, and any fore-knowledge 8s to the characier of a possible ADR. The methodology
will suggest & number of clusters to the end user, and will then present each patient sg to his/her
cluster assignnient, The cluster assignment and the known assignment of a patient to & treatment
cohort or ADR cutcome are then used standard assighment siatistics to calculate both the sensitivity
and specificity of the assignment rule.

100278} After delermining that the clustes are reasonably spet:iﬁc. the dynamic trajectories of the
ceniroids of each cluster are 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 falsly
homogeneous in that they were all exposet] to the compound at a given dose, and if the distribution
of distances, speeds, and directions, suggest that some may be slow responders, then the end user
may decide that those patients should receive a higher dose,

{00279} Based on the assumptions developed herein, in sifice populations of virtual patients are
crealed for each hypoibetical patient subclass, A time dependent Mente Carlo sinmiation is run to
identify the emergent clusters. Afier the simulation is run, R new set of mean vectors and covariance
structures is established and the simulation studics are repeated. The sensitivity and specificity of the
clugtering assighment rule for cach dynamie is measured and graphically plot as a receiver operator
curve, wherein the diagnostic variable will be (he time al which the olusters were suggested.
[90280] Results of the exnergent dynamics by Monte Crrlo sinmlation of the desciibed methods
described in this cxample and results iu the following emergent dynamics as shown in Fig. 21. Fig.
21 demonstrates a dynasuic subpopulation emergence based on cluster avalysis of a Monte Carlo
simulation of a two-cohort clinical design. AL Titne = 4 there i9 significunt evidence for the
emergence of two clusters while by Time == 8§ the bifurcation: is complete and the sensitivity and
specifivity of the method are both 100%. Fig. 22 demonsixates plots of the cluster calling statistics
versud thie hypothetical number of clusters at Time = 4. Fig. 23 illusirates markers of clinical effect

with the segregation of the marker space ns a {unciion of dose ot the end point of a elinicat study.

EXAMPLE 6
[00281} 1densification of type T biomarkers indicative of pertodic dosing regimes
{00282} Pertodic dosing, as a therapeutic strategry, is & tuinsay for the treniment of many chronis
diseases or conditions. Foremost among iliese are snti-cuncer chemotherapy regimens and

treatments for antoimmune disesses, Whether therapoutically ar in the context of an adaptive
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clinical teial, the ubility to both mouitor and cheracterize elficacy and toxicity profiles fora
particular dosing regimen in any given patient provides the ¢lnical professional imporiant
information regarding the ultimate efficacy of histher dosing stratogy. The benefit of such &
foedback mechanism ig that the feedback is fimely and represents the mechanism of setion and
clinical impact of the compound. For example, In cancer chiemotherapy, the feedback is provided by
imeging technologies that help quantify tumor burden, which in many casey i2 not timely.

{00283] This example characterizes the periodicity of the molecular cfficacy measures to identify
trends and other measures of clinical relevance (for example, increasing refractory response) to
further aid in clinical decision making. As demonstraled herein a meal-line feedback monitoring
syatem can aceount for the periodicily of the dosing regimen and characterizes any clinically trends
in the data.

[00284] The system can be a statistically valid sad robust metheodology which dynamically
characterizes the thne-dependent profiles of molecular markers of diug sotivily in periodically
treated patient subpopulations which then uses that information as a real-time feedback monitor for
optimizing the therapeutic regimen,

§00285) The protein profiles of a treated population act in accordance with the undestying hypothesis
regarding a compound’s mechanism of sction, they should, as a conglomerats pattern, reflect the
petiodicity of the lreatment regimen, and taken 85 a whole, act sz 8 Type 1 biotnnrker for compoud
activity af the sitc of sction, Additionatly, if there is evidence that the periodic expression of these
profile proteins changes with time, the trend of that change allows a clinician to adjust the dosing
regitnen for exarnple in firequency and/or dosage to individualize the therapy,

{60286] Applying a time series-hosed siatistical methodology to the lonpitudinat (within an
individual paticnt) protein profiles systematically sceounts for the periodicity of a given dosing
regimen within an individual patient and using that information te identify and characterize the
cwergenee of any clinically relevant teends in the response.  Fhis knowledge can then he used to
both menitor a ierapeutic regimen in an individunt patient and to design and manage the dynamicy
of an adapiive clinical {rial.

{00287} By doveloping & valid longitudingl Type 1 biomarker for & compound’s activity in the
context of a periodic dosing regimen will: {a) validate the wuderlying lypothesis regarding the
method of retion for the test compound; (b) identify potentially relevant elinical conditions
comprisiug: growing refinctoriness to the compound, target vesponse to the regimen, and then adjust,
as appropriate, the frequency or dosages of the treatroent itsclf; and (¢) develop an adaptive dosing
protocol based on the individual PDs of e responder population.

[60288] Using real-time monitoring and feedback to identify the omergence of these charactcrisﬁc

dynomics aids the clinician to make more precise decisions regarding paticat treatment and/oy trial
managerent,
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[G0289] A statistical Time Series analysis is used to chatacterize the periodicity ot seasonality of
marker proteins in 8 patient subjected to periodic reatments similar o those employed in cancer
chemotherapy, weekly methotrentate injections. The system adjusts for the seasonality of the data
train as shown In Fig. 24 and de-trends the responses as necessary, a one or two lag ditferencing
scheme as applied 1o Autoregressive Integrated moving Average (ARIMA) Models, to charactorize
ile actual response profile of the patient {o the therapy slream. Fig. 24 demonstrates patient data
showing the seasonality of two type 1 biomarkers over time. If two or more proteins markers are
identified as markers, any tempaoral reflationships between them (for example without limitation, the
levels of drug in the blood and/or clinical readout) can be identified and characterized using
Distributed Lags anatysis in the same modeling context. Bach avelyyis depends on explicit
characterization of the fime-titne correlations ohaerved in the time geries, the Autocorrelation
Punetion (ACKE) and its related Partial Autocorrelation Function (PACF)). Bach of these functions
van bs represented as a vector of correlations which are functioually dependent on the lag between
measures. The functions can be wsed o identify linear trends in the dala, periodicity in the dala, and
nonlinetr curvatuge dynamics in the data. The functions themselves can be visualized for inspection
using histograms called correlograws, Once the data is de-trended and the periodicity accounted for,
the individual spikes in (he arker profiles are snalyzed to see if the compound s working as
expected.

[00290] The first step involved in developing this methodology is identifying those proteins that best
represent boih the pathophysivlogy of the disease and the purported method of ection of the
compound, Once established, these proteins are sampled Jongitudinally in each patient,

{06221} Based upun the expected seasonality of the (reatment regimen and the frequency of the
therapeutic dosages, an appropriate sampling frequency is established to ensare that the suspected
periodic cxpression of the marker proteins will be caplured in the sample data sets.

[00292) The system antomntically generates and inspects difference time series with 0, 1, ortwo lag
differences comprising ARIMA (0,0,03, ARIM A (0,1,0), and ARIMA (0,2,0) models and compares
them to the best fit through Root Mean Squara Error, thus appropriately de-trending the data to
make the serics stationary, Once a stationary serics has been established, the de-trending parameters
comprising the slope of a linear trend line is estimaiesd Irom the date, and an ACF and PACY for the
stationary series is genorated.

[66293} Asty periodic sxpression paitems are identified and characterized as the period of ihe peaks
and their subsequent amplitudes. An example of this is shown in g, 25 demonstrating a iime series
of a biomarker value versus the time of chemotherapy delivery,

{00294] When multiple tites scries are involved comprising two or 1nore protein markers and/or
levels of compounds in (he blood, a distributed lags analysis is performed to identify and

characlerize the correfations batween the series and their lags. The methodology identifies the
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dynmmics of the etergence of protein marker wave trains and to relate these back to clinically
retevani events and/or the dosing schedule of the regimen.

{00295} A Monte Carlo simulation of the methods desoribed above using four time series were
generated using a stationary time series, a tiine geriey with linearly increasing slope, a time series
with exponentially decreasing aflect {o mimic patient-drug attenuation, and a stationary time series
with linenrly decreasing peaks, to model pelient-drug adaptation or up-regulation of metabolic
pathways.

EXAMPLE 7
[00296] Tine to Fever Spike and sepsis from time sexies measurements of Levels of Circulating
Pyrogens and other blomarkers.
[082971 A patient with Actie Myeloid Leukemia (AML) undergoing in-patient chemotherapy was
monitored using the methods and systens deseribed herein with sampling of blood avery four to
oight hours. The patient's tempetature was also.monitored frequentty. I1L-6 efevation (> 1000-fold
between conseculive meastrements) was found at time designated zero in Table 2 and & significant
decline >30 % hetween consecutive messurements 14 hours Jater. Fever was first noted cight hours

later. The methods herein would have anticipated the subsequent recognition of sepsis by 8 howss.

Table 2
Titne, hours Evenl
LR First elovation of 11.-6
8.4 First fever
14.3 Significant declite in protein-C

223 Septic shock
27.2 Patient admitied to ICU

[06298] The system identifles the refationship between the time to & fever spike during aggressive
chemotherapy of leukemia resulting in fever and dramatically changet levels of circulating pyrogons
(Protein-C, IL-6, H-1beta, TNF-alpha, IL-10). This is performed by employiog standard statistical
modeling methodologies. The system can be generalized to other situations where sepsis occurs. It
cant also be employed for other silustions where significant disease processes and oulcome of
therapy can be beneficially projected.

[00299] Scicnce and enginecring often involve usiig casy-to-measure variables, calicd factors or
independent variable faclors to explain or predict the bebavior of other variables, called responses.
When the faclors are few in pumber, not sipmfitcuntly redundant (nou-collinenr), and have a well-

defined, functional relationship to the responses, one can use nwultiple linear regression to
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characterize that relationship. However, if any of these three pre-conditions should fail, multiple
linear regression may prove 1o be inefficient or statistically inappropriate. In that case, one may
employ an alternative model building sirategy termed Partial Least Squares Regression. This
methodology is particularly useful when there are many factors that might be highly co-linesr, snd
when the relationship between independent varisble factors and dependent variable response is ili~
defined. The aim of this type of analysis is to construct 8 good predictive model,

{60300} Anticipating the {ime {0 a Fover Spike based on statistical models using levels of several
circulating pyrogens. Fig. 26 demonstrates the relationship between parameters computed from
circulating pyrogen levels measured over time and/or and the time-to-spike (also {abeled Lead
Time). The rate of change and shape of the paramefers over time is determined by the incidence,
tirae of infection, extent of infection, numbers of organisms, virulence of the organisms, and the
condition and genetic make-up of the patient, The sctivalion threshold ia the point at which the
Yody physiology begips to generate 4 fover apike. The detection threshold is & parameter fevel st
which some therapeutic intervention is indicated, The system determines the relationship between
the pyrogen levels and the dependent varisble in the model, Lead Time, enabling prediction of fever
spike early enough {o intervene with beneficial outcome,

{00301} This method and deta provides enables anticipation of the tite patients are most likely to
experience a fever spike. The physician can then preceapt and/or ameliorate the onset of the fover
event, for exampie by providing prophylactic antibiotic therapy.

[60302) The treatment of patients with Acute Myelogenous Levkemis (AML}) is used as an
excmplary case. Such patients are often treated with a course of induction chemotherpy (in-patient
chemotherapy typicatly using more than one drag and intended to eliminate all cancer cells). An
undesired side-effect of the induction chemolherapy is usually febrile neutropenin, This ocours
because infectious microorganisms can invade the pationt due to the inactivation of active ioumunity
by the chernotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined
state in which the patient’s temperature measures geeater than 39 degrees Celsius or in a 8ix hour
period two consecutive palient temperatures measuresd greater {han 38.5 degrees Celsius,

{00303] Fever, as a defense mechanisn, results from the effects exerted on the bypothalamus by
circulating eylokines, called pyrogens. These cyiokines emerge from the immusne system duting an
inflammatory response. The best knowx of theso ace 11-6, 11.-1 beta, and TMF-alpha. The purpose
of this example is o identify a paitern of cirealating pyrogens leading up to a fever spike, and, from
them, huild a mode) that best anlicipates the tine-to-spike.

[00304] The methods developed in the studics may be generatized to generate 2 monitoring means in
other high-risk disvase slates and therapentic procedures,

[06308]) The systesn builds a statistical mnodel chamaterizinyg thie relationship belween the tirne-to-

spike and the circuleting Jevels for two particular pyrogens, -6 and I5.-1 beta. The system, while
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independent of messurement means, requires frequent sampling in the period prios (o the fever spike
{auywhere from 3 to 6 measures per day).

[006306] The fixst step involved in developing the methodology requires one chameterization of fever
in welt defined categories and to identify, as closely as possible, the time of the first fever event,
The definition chosen was that eithey the patient’s temperature measures greater than 39 degrees
Celsius or in a six houx period or two consecutive temperatures are recorded greater than 38,5
degrees Celsius.

{80307] Individual patient date for the circulating levels of 1L~6, 3.~{ beta, and TNF-alpha and other
biomarkers wers recorded in a databese, based on the sampling interval. The saroples in the study (3
measures per day at 8-hour increments) were subjected to post hoo anglysis, snd used to populate the
maodel.

[00308} These markers were selected based upon & nunbet of curreat studies which show that
patients with Sepsis Syndrome huve elevated levels of circulating IL-1 beta, -6, and TNF-afpha
when compared with critically il patieats without sepsis and normal controls (Casey, L. Annals of
Internal Medicine (1993) 119;8:771-778).

[00309] 1L.-6 predominately regulates {he synthesis of CRP made by the liepatocytes (liver) inthe
acute phase response. Transcription of CRP is also sepulated somoewhat by TNF and IL-1, CRPisa
pentragin protein which binds to phosphocholine on bacterial cell walls, endogenous ceil
inembranes, and apoptotic bodies. Inflammation cassed by infection/ sepsis, inflammetory and
suloimmune disorders, trmnnatic injury, and some malignancies, CRP is seen in increased amounts
making it & useful biomarker in monitoring sepsis and infection, CRP production is not affected by
neuiropenia. There is an abundance of Hterature which focuses on CRI levels during neutropenic
fever and in diagnosing the severity of febrile incidences.

[00330] Protein C is anti-congulant protein that is synthesized ia the liver, ¥t playy an imporiant role
in iainiaining coagulation homeostagis. Protein C is activated by thrombin into an active protein
which along with protein S and phospholipid as cofactors, it cleaves coagulation factors VIl and V
thus inhibiting coagulation. Recenily, Protein C's asdi-inflarmmatary responses have been
discovered.

{60311} Patients with sepsis and septic shiock have Protein C depletion which may have a role in the
pathophysiclogy of sepsis. Improvement was seen in a specific subgroup of patienis by
eounleracting Protein C depletion hy the addition of activated Protein €. Protein C can beused ag a
bivmarker in the diagnosis of sepsis in patients and as a thezapeutic agent. One study found that
concentrations of Protein C are proportionnte with severily of neutropenic sepsis at fever onsct.
100312) Ten adult Jeukemia paticnts recelving chemotherapy were enrolled. Blood samples were

taken every 8 hours prior to the onset of the fever spike and then every 6 huurs until the end of the
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observation period. Biomatker analysis was performed on these samples. Patient samnpling of 8
hours prior to fever spike and 6 hours afler fever spike observed.

{00353] A Partia} Lenst Squares model was constructed based on the pre-spike (36 hour window)
meagures for 1L-6, 1L1-beta, and TNF-alpha and their sample-to-sample fold changes. Given the
data set derived from this study, 8 minimal sampling period of 8 hours and a minimal window of 36
hours pre-spike is sufficient to derive an anticipative mode} of the time to spike.

{60314 Quantitative Biomarker concentintion data was derived using well known ELISA
immumoassay known to measure JL-6, 11.1-beta, and TNF-alpha. Concentrations measured in
pg/ul, and sample-to-sample fold changes in concentration were recorded and anatyzed as follows.
100315] Ths concentration data were {irst visuatly inspected for Geussian nonnality. Because they
were log tiormally distributed the data was transformed by caleulating the log of the raw data
measures. Based on these measures, an initial Parial Least Squares regression model was built that
included all three pyrogens and their fold changes from sample fo satnple. This model characterized
the amount of variation accounted for in the covariance structures of the dependent vectors (limes-
to-apike) and the independent vectors (pyrogen levels), In this duta set there were more independent
variabies than degrees of freedom. To address the problemy, standard statistical model building tools
like top-down elitnination and bottom-up addition were employed.

00316 The full model (JL-6, TNF-alpha, and TL~1beta, and their snmple (0 sample changes)
acoounted for the percentage of the viriation in the whole model covariance structure and the
percentage of the varance in the dependent varisble (time-to-spike). Using feature selection
processes comprising and not limited (o bottom up mode} building and top down model building, a
series of seven gsub-models were developed.

{00317 The chosen modet included log(TL-6), log(i1.-1 beta), lop(sampic-to-sample fold change [L-
6), log(INF-aipha), and accounted for 93% of the 1otal madel covariance and 27.5% of the variance
in the dependent variable (Line-to-spike).

[00318] The model is given by a standard multiple linear regression equation with the fullowing
patameter set: intercept = 36.5; log(1L-6) = -8.0; log(IL.-6 fold change) = 2.4; logf{IL-1 beta) = -0.3;
and log(TNF-alpha) = 4.4. Eacli measwre is a point-in-time measure at the obscrved time-to-spike.
For example, 24 hours prior to the fover spike, the log of the concentrations of .-G, 11.-1 bela, and
their sample-to-sample fold changes from the 30 hovr time point are added to the model using fitted
parancters, meaning the coefficionts of the lincar model.

{603191 The final model was selected from the seven tolal sub-models becanse it accounted for the
highest lcvel of the percentage of variance in the dependent vector, The final model included log(IL-
), log(3L~1 beta), and the logs of their savple-to-sample Told changes as aoticipetors of time-to-
spike. The size of the anticipative window of 36 hours was selected by chinical relevance hut is not

limited to that anticipative window. The selected model equation is as follows:
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Time-to-aptke=36.6-8*log(1L.6)+2.4* Log(XL~6 fold change)-0.3*Log(XL-}
betat4.4*Log(TNF alphn)
[06328] The results of the 1 palients were avalualed in this exaniple for thelr biomarker patterns in
the 36 hours prior o fever spikes. The data for each of the pyrogens and their sample-to-sample fold
changes are in Figs. 27-32. Fig. 27 is the IL-1 beta concentration versus time point number, Fig, 28
is the sample-to-sample fold change for IL1-beta versus time point number, Fig. 29 is the IL-6
conceniralion vessus thine peiot number, wherein patient 4 became seplic. Fig. 30 is the sample-to~
sample Told change for IL-6 versus time point number, wherein 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-alphs versus tinie point number.
[00321] The model anticipated the time-to-spike in alf palients and explained the percentage of the
variance observed in the dependent variable. Patient 6 bad ATRA syndrome and ihus is cutside the
patient popukation used to construct the model.
{09322] The residual plot for patient 5 is given in Fig. 33. Patieni 5 has a fever spike and no
decrersing markers. Tempernture in degrees C (right scale) biomarker concentrations given in
pg/mlL, wherein 1L-6 ig a 10-fold increase, not necessarily indicating sepsis, An analysis of the
residuals suggest that the model anticipations for the period between 12 and 24 hours prior to the
fever spike are non-systematic, meaning randomly distribuled abowt the zero-axis and the size of the
regidual is 1o o than the percentage of the anticipated tirme-to-spike, which is anticipated by the
maodel using the equation 1.
{00323} For patient 4, the tnodel anticipates a Bme-to-spike of 3.3 hours when the actual fime-to-
spike was 7 howss, andl, 6t the other extreme, anticipates a limne-to-spike of 31,9 hours when the
actual time-to-spike was actunlly 34 hours as demonstrated i Fig, 34. Patient 4 dala points showing
decreasing Protein-C with inerensing 1L-6 just prior to fever spike. Normalized parameter is the
ratio of the (parameter value at time t minus the Jowest value in the range) to the difference botween
the maximum and minimum vatue of the parametes. A resichual analysis for Palient 4 yields an
excellent [it 16 the data measured in palient 4, meaning the residuals are randomly distributed about
the zero axis, aud no residual i grester then 20% of the anticipated time-to-spike, as derived from
equation 1.
[40324] In conclusion of this example, induction cancer chemotherapy is only one of the underlying
ctiologies of sepsls. Others include, but are not limited to, severe bumn and thermal injwry or
teamuatic injury. In bum and traumatic injury, the patient expresses an alteration in the bamume
systemn resulling in a predominance of the T Helper-2 Lymiphoeyle phenotype, where the phenotype
of the helper cell population switches from Thi to Th2, This is termed the Thi-ko-Th2 switch and
makes the patieut more suseeptible to the onset of infection. Fig, 35 is a schematic of the 'Thi-to-

Th2 switch and {he eytokines representing each phenotype. Once the patient becomes infected, if
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the underlying pathogen is identified, the rate and spread of infection can regult in a systemic
inflasnatory response which is called sepsis. If the pathogen is unidentified, the inflarmmatory
respense is termed Systemic Inflammatory Response Syndrome (SIRS). Thus, the underlying
etiology of progression 10 sepsis can be captured as a process divided into three physiologically
distinct intervals: Susceptibility to Infection, which is represented by the Thi-Th2 switch,
progression through infectlon, and the onset and progression of sepsis/SIRS. The markers relovant to

the monitoring of each siage are shown in Table 3.

Table 3
Sepsls Onset and |, Sepsis Onset
Sequsiiae a. Protein C”
b. IL-1beta”
c. IL-8"

d. Procaicitonin
e IL-10
. DIC
a. Von Willebrand Factor

b. Procalcitonin

¢. Neoplenn
d. TNF-a
a. Protein C
. PAF1

g. (Pro)Thrombin
. ARF (Acute Renal Fallure)
a. Creatining
b. CystinC
V. ARDS
a, Von Willabrand Faclor

b. H.-8
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d. 1Lt
o. l-1ra (iL-1 recaptor agonist)
f. TNF
V. ALF {Acute Liver Fallure)
a. ALT
b, AST
c. GGT
d. LDH
e. Alkaline phosphatase
f. ProteinC

g. Cytokeratin-18 fragments

(003233 £ig. 36 and Fig, 37 demonstrate that the systemx uses an equation that is anticipative of
sepsis using Lhe Squared Maholanobis distasce equation and Bayesian Probability. The Squared
Mahaianobis Distance {s:

DX = Gy — %) Z-1(w) where j=1,2, 3
and the Bayesian probability is:

Pr{jix} = ex,p(~0.51’);2 (x))lEexp({).ST)kz(x))
wherein 1 is the mean vector representing the centroid of the patient population and j is the three
different outcomes {scpais, fover, nfection).
{08326fFig, 38 illustrates a graph in time of a pluratity of mavker proteins for a patient in a sepsis
ria). The time of the onset to sepsis for this patient is marked sod all patterns Jeading up o that
point are relevast to the delermination that this patient becarne seplic.
100327 Fig. 39 illustrates a bivariate tme course of twa pacticular markers (prolein C and C-
reactive protein} in the same paticnt. The change In dircetion in the center of the graph represents a
rapid onset of disease. ln this example, a palient mpidly deteriorated and was illusirated as septic in
a vety particolar region of the bivasiate space. I this example, the sampling intervals axe fairly
regular; therefore the length of each line segment represents the rate of change of the blomarkers in

this particular space.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for clinical trial design by characterizing the emergence of clinically relevant
subpopulations of patients exposed to a therapeutic agent, the method comprising:

a. identifying a set of biomarkers in a blood sample that act as surrogate markers for the
therapeutic agent;

b. receiving subject data regarding the set of biomarkers measured longitudinally from a
group of patients exposed to the therapeutic agent;

c. identifying distinct clusters in a multivariate clustering space of the measured values
of the set of biomarkers from the group of patients;

d. determining the rate of separation of the distinct clusters and measuring the distance

between the distinct clusters in a statistical manner;
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e. obtaining patient information from the group of patients to classify the patients in
clinically relevant subpopulations; and

f. comparing the distinct clusters to the clinically relevant subpopulations to
characterize sensitivity and specificity of the distinct clusters to predict the clinically
relevant subpopulations.

2. The method of claim 1 further comprising identifying a second set of biomarkers configured
to improve the characterization of the emergence of distinct clusters to predict the clinically relevant
subpopulations.

3.  The method of claim 1, wherein the group of patients exposed to the therapeutic agent are
participants in a clinical trial.

4, The method of claim 3, wherein the clinical trial is a dose ranging trial.

5.  The method of claim 3, wherein the clinical trial is a part of an adaptive clinical trial.

6.  The method of claim 5, wherein the adaptive clinical trial is designed to characterize an
optimal dosing regimen.

7.  The method of claim 5, wherein the adaptive clinical trial is designed to characterize an
optimal responder population.

8.  The method of claim 3, wherein the measuring the distance step comprises measuring the
Mahalanobis distance between the distinct cluster centroids.

9.  The method of claim 3, wherein the measuring the distance step comprises measuring the
nearest-neighbors distance between the distinct clusters.

10.  The method of claim 3, wherein the measuring the distance step comprises measuring a
Euclidean distance measure between the distinct clusters.

11.  The method of claim 3, wherein the measuring the distance step measuring a Manhattan

distance measure between the distinct cluster.
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