METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES

CROSS-REFERENCE
f0001] 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

[0003a]  According to an aspect of the present invention, there is provided a method of predicting
the occurrence of a medical condition that requires medical intervention, the method comprising:

a. measuring concentrations of a first set of biomarkers present in a biological sample
obtained from a subject at a given frequency, wherein the first set of biomarkers are suspected to be

predictive of the medical condition;



b. based on the concentrations measured in (a), generating a subset of biomarkers from the
first set of biomarkers, wherein said subset of biomarkers comprises either or both of 1) a subset of
biomarkers that are more correlative with the occurrence of the medical condition, and ii) a subset of
biomarkers that are generated from a new frequency of measurement of the biomarkers; and

¢. measuring concentrations of the subset of (b) and/or following the new frequency of
measurement of one or more biomarkers, thereby predicting the occurrence of the medical
condition.

[0004] There is also disclosed a medical information system for subject data analysis. The system
may be particularly useful for advancing the future of blood testing and data analysis. For example,
the system can be part of an integrated infrastructure built around real-time, point-of-care consumer
blood monitoring devices which analyze a small blood sample (e.g., 500 ul, 50 ul, 25 ul, 10 ul or
even less) and wirelessly transmit that information to a database which integrates real-time data with

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

[0005] The system can be used to improve the label of key drugs through adaptive clinical studies
which generate publications for label expansions for new indications, patient subpopulations, and for
ameliorating safety concerns. The development of such a system for home, real-time blood
monitoring has significant implications which allow one to collect information which is otherwise
not available through the use of the conventional laboratory testing.

[0006] The medical information system typically comprises (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: (1) 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.

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

[0008] The processor of the system may calculate the position of said subject data in said probability space
as a way of assessing the probability of a discrete clinical outcome of said subject.

[0609] The input device of the system may comprise a touch screen. Where desired, the input system
can comprise a data entry portal or a keyboard. The subject data to be input into, processed by, or
transmitted as an output by the system can be textual, numeric or a category. Where desired, the
textual or numeric information is solicited from the end user.

[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] The medical information system may comprise an output device having an automatic alert
system. The automatic alert system can be programmable by the end user. Where desired, the

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



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

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

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

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

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

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

[6017] Also disclosed is a method of characterizing a clinical outcome of a subject comprising: (a)
constructing a probability space within a server, wherein the probability space is defined by a set of
discrete clinical outcomes, each of which is characterized by the statistical distribution of at the least
one biological marker; (b) entering data of a subject into the server, said data corresponding to the at
least one biological marker; and (c) calculating the position of said subject data in said probability
space thereby characterizing the clinical outcome of the subject. In some embodiments, in practicing
the subject methods, at least steps b and ¢ are repeated at various time points to yield a trajectory
within a probability space, wherein said trajectory is indicative of the likelihood of progression to
the clinical outcome. The subject methods can comprise the step of notifying a medical personnel or
the subject of a need for taking a medical action upon assessing or characterizing the position of said
subject data in said probability space. In some instances, the medical action involves at least one
action selected from the group consisting of altering a dosage of an existing therapeutic agent
administered to said subject, administering a different a therapeutic agent, and administering a

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



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

[0018] There is also disclosed a computér readable medium comprising computer readable
instructions, which when executed cause a processor to: a) provide a probability space defined by a
set of discrete clinical outcomes, each of which is characterized by a statistical distribution of at
least one biological marker; b) obtain subject data corresponding to the at least one biological
marker; and ¢) calculate the position of said subject data in said probability space to assess the
probability of a clinical outcome of said subject. In general, the instructions operate in a software
runtime environment. In one aspect, the instructions when executed further causes a processor to
provide a user defined alert condition based on an assessment of trajectory parameters of the subject
data in the probability space, wherein said trajectory parameters are at least one of speed,
acceleration, direction, and position.

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

{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.
f0021] There is also disclosed a method of monitoring sepsis development of a subject comprising:
measuring at least two parameters selected from the group of (1) body temperature of said subject,
(2) protein C concentration of said subject, (3) interleukin 6 (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. A decrease in protein C and
an increase of IL-6 can be indicative of the development of sepsis in said subject. A decrease in
protein C and an increase of IL-6 and an increase beyond normal body temperature can be indicative

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



an at least about 10-fold increase in IL-6 concentration in said subject is indicative of the occurrence
of sepsis in said subject. In a further instance, an at least about 100-fold increase in IL-6
concentration in said subject is indicative of the occurrence of sepsis in said subject. This method
may further comprise the step of increasing frequency of measuring IL-6 concentration upon an
increase beyond normal body temperature and/or a decrease in protein C concentration. For
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,

[6022] Also described herein is a method for characterizing a medical condition of a subject,
comprising: obtaining a first set of subject data comprising at least one biological marker and at least
one physiological parameter from the subject; determining the probability of a medical condition of
the subject using the first set of subject data obtained; selecting a second set of subject data from the
probability of the medical condition; and obtaining the second set of subject data from the subject,
thereby characterizing the medical condition of the subject.

10023] A method is also disclosed for characterizing periodicity of a clinical condition of a subject,
the method comprises: identifying a set of biomarkers for a clinically relevant condition; obtaining
longitudinal subject data corresponding to at least one biomarker in said set to obtain a trend of the
subject data; analyzing said trend to identify periodic changes in the at least one biomarker;
measuring values of peak measurements of the periodic changes of the trend; and characterizing the
values of the peaks thereby characterizing the periodicity of the clinically relevant condition. In
some instances, the analyzing step comprises developing an ARIMA model to determine a
differencing lag in the underlying model. The differencing lag can be used to de-trend the trend and
establish a stationary trend. In some instances, the analyzing step comprises calculating an
autocorrelation function and the measuring step comprises identifying the statistically significant
peaks in the autocorrelation function. In some instances, the analyzing step comprises calculating
spectral density and the calculating spectral density is performed using a Fast Fourier Transform.
The measuring step can comprise identifying the power spectrum of the maximum spectral density
frequency.

10024] There is also disclosed 2 method for monitoring subject response to therapy comprises:
obtaining longitudinal subject data corresponding to at least one biomarker in a set of biomarkers for
a clinically relevant condition to obtain a trend of the subject data, wherein the subject data is
obtained from a subject receiving a therapy; monitoring periodicity of the trend; and corresponding
the periodicity to a response to the therapy received by the subject. In some instances, the therapy is
a periodic dosing regimen. In some instances, the response to the therapy is characterized by a time-

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



dependent behavior is substantially constant. In other instances, the time-dependent behavior is
changing linearly. In yet other instances, the time-dependent behavior is changing exponentially.
[0025] A method is also disclosed herein for characterizing the emergence of clinically relevant
subpopulations of patients exposed to a therapeutic agent, the method comprising: identifying a set
of biomarkers in a blood sample that act as surrogate markers for the therapeutic agent; measuring
the set of biomarkers longitudinally from a group of patients exposed to the therapeutic agent;
identifying distinct clusters in a multivariate clustering space of the measured values of the set of
biomarkers from the group of patients; determining the rate of separation of the distinct clusters and
measuring the distance between the 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
[6026] 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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{6629] Fig. 2 illustrates an example of the results of a cluster analysis of a clinical outcome.

10936]) Fig. 3 is a flow chart illustrating an exemplary method of assessing a clinical outcome of a
subject and assigning probabilities thereta.

j6931] Fig. 4 illustrales an example probability space geometrical representation.

{8032] Fig. 5 illustrates a trajectory of data of 2 subject in a probability space.

{0033} Fig. 6 is a Bow chart iHlustrating an exemplary method of alerting a user to assess a clinical
outcome of a subject.

{6034 Fig. 7 demonstrates 2 method of establishing rules for a probability space of clinical
owlcomes.

[0835] Fig. § iflustrates a graphical presentation of rules for a probability space.

[0036] Fig. 9 is a flow chart illustrating an cxemplary method of implementing a mathematical
model (o assess a clinical outcome.

10637} Fig. 10 {s a flow chast illustrating an exemplary systemn comprising a server for
communicating and processing medical data,

10038] Fig. 11 illusteates an exemplary crbodiment of a system of the invention with real-time
aequisition of subject data and the trapsmittel of the information in real-time to a server or system
that is capable of converting the inforration or data to a physiologically relevant context.

[0039] Fig. 12 demonstrates an exemplary system of the invention, wherein 2 health care operating
system comprises data infastructure, models and algorithms, and software applications.

{0040] Fig. 13 demonstrates an exemplary daiabase comprising an ontology of biomarkers that are
1slated some types of medical conditions,

[6841] Fig. 14 illustrates the an exemplary hierarchy of 2 hesltheare operaling system of the
invension wherein the ceplral operating system has access to a data infrastructure and monitosing
devices for obtaining subject data.

[0042] Fig. 15 demonstrates an exemplary system of the invention wherein an analysis database can
reecive information from & database containing data from a reader or cartridge database, historical
databascs, a patient database that can contain data entered by a palient, and a customer databuse,
[30431 Tig. 16 illustrates exemplary trajectories of two subjects in a probabilily space representing
prostate cancer discrete clinical outcomes.

{0044} Fig. 17 iflustrates exemplary trajectories of two subjects in a probability space representing
clinteal outcomes of a subject developing scpais.

{0045] Fig. 18 illustrates exemplary trajectories of two subjects in a probability space representing
the medical condition of disbesic subject using an iosulin sensitizer.

[6046] Tig. 19 illustrates a method of graphically representing a trajectory of subject data ina
probability space in two dimensions.
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[0047] Fig. 20 illustrates a method of graphically representing a trajectory of subject data in a
probability space in two dimensions and the position of the data for defining discrete clinjcal
outcomes.

{0848] Fig. 21 demonstrates a dynamic subpopulation emergence based on cluster analysis of a
Monte Carlo simulation of a two-cohort clinical design.

10049 Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical pumber of
clustess,

{0050] Fig. 23 illustrates markers of clinical effiect with the segregation of the market space as 2
function of dose at the end point of a clinical study.

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

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

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

{80584] Fig. 27 is the TL~1 betla concentralion versus time point number.

[0055] Fig. 28 is the sample-to-sample fold change {or IL1 -beta versus time point number,
[0056] Fig. 29 is the IL-6 concentration versus tite point nusmber, wherein patient 4 became septic.
{6057] Vig. 30 is the sample-to-sample fold change for JL-6 versus time point number, whercin
patient 4 became septic.

[6658] Fig. 31 is the TNF-alpha concentration versus time point aumber.

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

[0061] Fig. 34 demonstrates Pationt 4 data points showing decreasing Protein-C with Increasing IL-
§ just prior to fever spike,

16062] Fig. 35 is a schematic of the Thl-$o-Th2 switch and the cytokines representing each
phenotype,

[0863] Fig. 36 and Fig. 37 demonsirate that the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distance equetion and Bayesian Probability,

[6064) Fig. 38 illustrates 3 graph in time of a plurality of marker proteins for a patient in a sepsis
trial,

10065} Fig. 39 illustrates a bivariate time course of two particudar markers (protein C and C-

reactive protein) in the same patient.

8



10

20

23

30

35

DETAILED DESCRIPTION OF THL INVENTION
[0866) In one embediment, a method is provided herein for characterizing the probability of a
clinical ontcome of a subject. The method comprises the steps of (a) constructing a probability space
defined by a set of discrete clinical outcomes, each of which is characterized by a statistical
distribution of at least one biological marker; (b) obtaining subject data corresponding to the at least
one biclogical marker; and (¢} caleulating the position of said subject data in said probability space,
thereby characterizing the probability of the clinical outcome of said subject,
{0067} In practicing the methods herein, one generally utilizes a set of biological markers (also
referred to herein as biomarkers) relevant to a given clinical outcome, In order to mprove the
reliabifity and acouracy of a mathematical cafeulation, biomarkers ate selected based upon
multivariste statistics from data pertaining to 2 clinical outcome, whether it being, for axample, a
disease or & medical procediwe. In some embodiments, discriminant analysis is performed to
determine the most relevant biomsrkers pertaining to a particular medical clinical outcome.
[0668] In an aspect, a method is provided herein of predicting the occurrence of a medical
condition that requires medical intervention, the method comprising: (a) measuring coneentrations
of a firat 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 fo be
predictive of the mexdical condition; {b) based on the concenirations measure in (8}, generating from
the first set a subset of biomarkers that are more correlative with the occurrence of the medieal
condition and/or a new frequency of measurement of the biomarkers; and (c) measuring
concentrations of the subset of (b) and/or following the new frequency of measurement of one or
more biomarkers, thereby predicting the occurrence of the medical condition.
[8069] Plaralities of disorete clinical outcomes, sometimes referred to as medical outcomes, for &
specific medics] condition are plotted in a geometrical mannsr, A set of values of the biomarkers are
chosen that are the most representative of each clinical ontcome. Using the mathematical methods
described herein, probabilities of class assignment to each discrete elinical outcome ean be assigned
to any set of values of observed biomarkers, A probability space can then be constructed by ploiting
the probability of any set of values of observed biological markers within the geometric space
defined by the phurality of discrete clinical outcomes.
[6070] Model bullding
{0071} In some instances, mathematics] modeling deseribes the dynamic state of & system, In some
instances, the models use a system of equations represerding oulcome parameters, biomarker and
drug concentrations and the like over fime. Such cquations might be simpie enough to solve in
closed form, yielding an algorithmic formula. However, iis soms ioslances, models of human

disesse can be (0o complex to permit 4 simple closed form solution. In some instances, a solution as
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described herein can be projecting numerical solutions forward in time, also known as termed
predictive biosimulation,

[0072] The objective of cluster analysis is to group observations inlo clusters such that each cluster
is as homogeneous as possible with respect to the clustering variables. Aoy conventional clustering
algorithm may be used to define the discxete set of clinical outcomes based upon the recognized
biomarkers. Besides the Discriminant Function Analysis, there are many such algorithms, such as
“Single Linkage,” “Complete Linkage,” “K. means,” “Ward's Method,” or the “Centroid Metbod.”
Additionally, one can identify clusters using “Decision Trees”. These algorithms are well-known to
anyone familiar with the art, and are available in standard statistical packages such as SAS and
SPSS. The clustering algorithms group like objects together, and keep unlike objeets in separate
groups.

{0673] Multivariate statistics to identify classes of similar subjects in a sample population can also
be applied for building an appropriate model. The techniques currently employed include, but are
not limited to, Discriminant Function Analysis (DFA), Hierarchical Clustering Analysis, Factor
Analysis (in which an underlying modet or relationship is assumed), Self-Organizing Maps (SOMs),
Support Vector Machines {SVMs}, and Neural Nets. Each is a pattern recognition technology using
multivariate descriptor vectors, which subjects are classmates, to more completely ranage an
adaptive clinical trial.

[0674} Other techniques estimaling the model parameter space include several conventional
methods, such as the graphical method and gradient-based nonlinear optimization (Mendes and Kell,
1998). The graphical method is typically applicd to those problems that can be converted to linear
regression problems, and ave generally not amenable to closed-loop leamning as they require human
intervention at each step. The gradient-based nonlinear 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. Evolutionary algorithms including
genetic algorithms, evolutionary programming, genetic programming, and their vaniants (Back et al.,
1997; McKay et al, 1997; Bdwards et al., 1998) have been applied to overcome these Himitations.
J0075] In some instances, {o best account for the dynamics of a biological systern, the equation
systems discussed above can be conaposed of ordinary differential equations which calculate the rate
of change of a biological entity over a fixed time segment. That quantification is a function of the
state of the system at 1he instant of analysis, and includes terms {or all other entities in the system
that might affect that rate of change.

[0876] In many instances, as described herein, biological entities of interest are found in blood
comprising but not lirnited to circulating proteins. In the modeling space, the time rate of change of
each biologival entity is celled the derivative and is quantified as the instantaneous 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 sclected sampling time point can
be caleulated as well as the rate of change for every entity in the sampling space. This can result ina
point estimate per biological entity for the derivative in units comprising but not limited to a change
in concentration per unit time.
{0678] In some instances, a method can utilize two point slopes along with a K-point model fitting
regression equations through the last K. chservations, to estimate the first, second, and higher order
derivatives, for example:

dP(e)/dt = f{P(1), {other proteins, cells types, ete.}, model parameters)
where P(f) is the concentration of a given protein as a function of time. And where fis function of
P(1) and entities affecting specific protein conceniration curves, comprising second signals, cell
pumbers, and the like. And where model parameters are coefficients in those equations that quantify
those relationships, for example comprising production rates and clearance rates, The system can be
linear or non-linear.
[0079] An alternate embodiment of the mechanism is a system of entities where P(t) is a protein
vector TE(E) = [Py(t), Po(t),.. Pu()] where N is the number of proteins chosen to sample, and f{P, etc.)
becomes a matrix M(T¥(t); f(HI(t)). The system parameters become a vector as SEX(L)).
[6080) For exatple, clearance rates of cach Py(5) in the vector YI(t) are captured in this vector form.
BUIX() characterizes the functional coefficients of the matrix M, The system is linear when § does
not depend on H(f) or on time. The systern is linear and parametrically time~dependent when
depends on t, and varies finearly with time,
{0081} In anotber cxarople, the system is nonlingar when the clearance rate changes with time and
can
[0082] represent the up-regulation or downe-regulation i tirae. The system is represented but is ot
limited by the vector equation:

dii(t)/dt = MEHD; BAIO)" T

[6883] In yet another example, the dynamic state of biological systems has a level of specificity
which is captered in an exemplary biogimulation system. Every entity in the system will typicatly
act on a small subset of other entities. For example, protein 2 medifies the rate of production of
protein 1 by binding to a cell surface receptor on an activated effector ccll. The concentration of
protein 2 modifies the rate of production of protein 1. When & third protein acts on the production of
prolein 2 the rate of production of protein 1 depends indirectly on the kevel of production of protein
2.
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[0884] The equations that best represent the above cxample in this biosimulation system are:
dPy/dt = Buy Pof)
dPy/dt = -Bo Pa(t) + Bz Po()
apydt= 0

{0085} In these exemplary equations, the concentration of Protein 3 is constant and the rate of
Protein I production is an increasing function of the Protein 2 levels, factored by P12 >0. In addition,
the Jevels of Protein 2 are a furction rate Prolein 2 is cleared from the system, in this case,
proportionally by a factor iz >0, and the effects of Py(t) on its production, described by a factor By
>0 and s parameterized by the vector (Bry, P2z , Pzs). Any triplet vector can be used in the general
case to generate any family of teajectories in time for Proteins I and 2. Protein 3 is ron-varying in
this model since its derivative remains zero.

[8086] By measuring Proteins 1 and 3 st each time point in a moniloring period, valtues for Py(t),
and Ps(t), and estimates for dP/dt and dPy/dt are obtained. Po(t) can then be solved and constrain the
solution set fo a parameter vector (817, B2 , B ), which is defined by well defined algebraic
equations. Estimates of both Po(1) and dP,/dt derive the state of the constrained system based on
point estimates as derived from the samples, This allows for projecting forward in time where 2
model trajectory will likely be at the next sample point, and re-adjustment of the model parameters
ag necessary in.a dynamic feedback self-correcting system.

[0087} The self-correcting mechanism and feedback systens can be implemented in a periodically
sampled measurement space, and that model reflinement and re-parameterization can take place at
each sample interval. After each application of this self-correcting methodology, the space of
acceptable pararneter vectors should begin to converge to a patient specific vector that projects
forward in a predictive trajectory.

J00BH] A system that dynamically characterizes patient subpopulations based on the ongitudinal
sampling of predictive protein profiles can use thal information as a Type 1 biomarker to verify to
the researcher scientist that the compound is acting on the target as expected. ‘UThe mechanism of
action for that compound can also be researched for whether it is acting as expected.
Characicrization of the dynasiic emergence of the subpopulations is based upon their behaviors and
the protein profiles they exhibit.

{00897 In an example, one population is freated with the test compound while another is an
undreated conirol. If the protein profiles of the treated population behave in accordascee with the

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

{0090] A variety of statistical analyses are applicable for building a probability space or model. Fig.
1 iliustrates an exemplary chaxacterization of similarity as measured by the Mahalanobis distance in
a iwo-dimensional (multivariate) space. The ouicome of a discriminant function analysis is typically
a Mahalanobis distance for every subject in the analysis data set. The methods of performing the
discriminant apalysis in this manner or similar mansers are known to those skifled in the art. In this
example, the data from two independent variables (for example, biomarkers) are plotted against each
other. Each patient in the analysis set is represented by a single point on the graph. The distance
between each patient’s biomarker pair paticrn and the centroid of the cluster of data is caleulated as
the Mahalanobis distance and is represented by the ellipses in the Fig. I, wherein the centroid can be
typically defined as the mean sector of all independent measures in the space of interest. The
probability that any particular patient belongs 1o a cluster depicted hersin 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 measute of similarity between the two sets of independent variables. This
method also aceounts for noise in the appropriate distance metric by assigning probabilities of class
assignment for a particular patient based on the variance observed in the underlying clustered data.
Thus this method can account for uncertainty in the probability space.

{6091] I conventional clustering, one typically works from a distance matrix, which lists the
similarity of every object to be clustered versus every other object. The process begins with the
creation of the distance matrix as known 1o one skilled in the art. A triangular matrix of distances
among all pairs of patients must be computed. Each 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 sutn of distances between individual observations
for that variable. This sum also may be weighted, For example, cach cluster of subjects potentially
represents a discrete clinical outcome.

16092} The distance matrix metric can include calculating 2 statistical difference, such as the
Mahalanobis distance, Euclidean distance, and Manbattan distance. The matrix represents, in a
statistically rigorous way, the similarity of two mullivariate paiterns in & multidimensional space.
Based on these distances, individuals are grouped together in a cluster.

[6093] Fig. 2 illustrates an exemplary clustering method of defining the diserele clinical outcomes.
In this example, the centroid wethod was used to determine muitiple centroids of biomarker dala
patlerns, Each centroid either defines or belongs to a different set of discrete clinical outcomes based

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

[0094] After the distance matrix has been constructed and discrete clinical ouicomes have been
defined by a set of biomarkers, a probability space can be constructed from multivariate
distributions (for example, clusters) by applying a metric that accounts for the variance-covariance
structure of the data, Based upon the measured distance, a probability for class assignment for any
observed biomarker pattern is caloulated. The caleulated probability for any obtained biomarker
pattern defines the probability space.

[8095] Where desired, a probability measurement is carried out by way of a Bayesian caleniation.
Other methods of calenlating the probability for class assigninent include, but are not limited to,
Nelson-Aalen estimation, the ordinary least squares estimation, the weighted least squares
estimation, and the maximum liketibood estimation, Another method is to use a decision tree
analysis and from the measure determine the ultimate sensitivity and specificity of the derived rule.
{0096} Fig. 3 iBustrates an exemplary method of the invention of building a mathematical model
for assessing a medical condition. Based upon prior history of & medical condition, a user {for
exsmple, a physician) identifies the relevant clinical outeomes or outcomes. The physiology, a
compound or drug’s method of action, and/or off target treatient cffects are then utilized to help
define the borders of a probability space.

}16097] A graphical example of the probability space and the discrete clinical outcones that define
the borders of the probabiiity space are itlustrated in Fig. 4. Each number represents a different
clinical ontcome,

[0698] Biomarkers that are most relevant to the clinical outcomes of a given medical condition are
identified ueing multivariate discriminant analysis. Data from the set of biowarkers are classified
according to the discrete clinical ontcome to which the independent data is most closely correlated.
{0059] Afier the data sets are clsssified by chuster analysis and/or discriminant function analysis
and identified as clinical oulcowes, the centroid lecation of a clinical oulcome is determined. For
ench reference point or independent biomarker data point, 2 probability of classification into each
reference clinical ontcome is assessed.

[0810€] When data from an individual subject is obtained corresponding to at least one biomarker,
the data is input into the mathematical model and Hs geometrical position within the probability
space is deterntined. A distance metric is then used to determine the position of the subject data with
reference to each clinical outcome. In a preferred embodiment, the distance metric is the
Mahalanobis distance, For the subject data, the model obtains a distance metric corresponding to

cach discrete clinical outcome,
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{08161} A statistical cstimation method is used to convert the phurality of distance melrics into a
plarality of probabilities for the subject data. Fach probability of the plurality of probabilities
corresponds to a discrete clinical owtcome. In an embodiment, the statistical estimation is a Bayesian
estimation, The plurality of probabilities is used as the coordinates of the subject data in the
geometric probability space, such as the one illustrated in Fig. 4. The position of the subject data
within the probability space is an assessment of the medical condilion of the subject.

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

[0061.03] The methods described herein can be performed at any point in time 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 calculated using the mathematical methods described herein. The
steps of obtaining and caleulating the position of subject data in a probability space can be repeated
1o yield a trajectory witlin a probability space, wherein said trajectory is indicative of a time series
of the assessed clinical outcomes.

[04104] Trajectory

{00105} As a medical condition progresses, 4 subject is typically monitored by medical personnel.
Monitoring car be preformed by running a series of lests. As testing methods and devices, such as
point-of-care microfluidic devices, become more reliable and accessible, data from the patient can
be acquired and processed at multiple time points. The sequential structure of obtained data is often
a time series or a set of fongitudinal data, but may aiso be data that refiects changes that oecur
sequentially with no specific reference to time, The systemn does not require that the time or
sequence values are equally spaced, In fact, the time parameter can be 4 rendom varizble itself,
{00106} In some embodiments, the time sexies of obtaining subject data is at loast 6, 24, 48, 72, or 96
hours. In other embodiments, the time series can be af least 7, 30, 60, 90, 180, or motre days. The
time series can also be over a seties of years.

[00%07} The longitudinal data provides valuable insight into the progression of a medical condition
or treatment, However, as the number of tested items increases, the complexity of analyzing the
longitudinal data increases. It can become very difficult to understand or determine relevant data
abeut a medical condition or treatment.

[08108] The longjtudinal data acquired from a subject can be grouped into a vector or a trajectory to
assess a meical condition, A vecter is defined geometrically as an arrow where the tail is the initial
point and the head is the terminal point. A vector's components can relate to a geographical
coordinate system, such as Jongitude and latitede. Navigation, by way of specific example, uses
vectors extensively to locate objects and to defermine the direction of movement of aircraft and
watercraft.
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00109} 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 analysis
objects include equations of motion including location, velocity, dixection, and acceleration; cenfer
of gravity,; moments of inertia; forces such as friclion, stress, and stain; electromagnetic and
gravitational fields.

[00110] Velocity, the time rate of change in position, is the combination of speed (vector length) and
bearing (vector direction). Acceleration is another common vector quantity, which is the time rate of
change of the velocity. Both velocity and acceleration are obtained through vector analysis, which is
the mathernatical detenmination of & vector's properties and/or behaviors.

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

[00332] 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 located in one portion of the graph.
[08113} The individual's normal condition may be disturbed by the administration of a
pharmaceutical or a change in medical condition. Under the effect of the administered
pharmaceutical, the individual's normal condition will become unstable and move from jts original
position in the graph to 2 new position in the graph. When the admindstration of a pharmaceutical is
stopped, or the effect of the phanmaceutical ends, the individual's normal condition may be distorbed
again, which would [ead to another move of the normal condition in the graph. When the
administration of a pharmaceutical is stopped, or the effect of the phanmaceutical ends, the
individual's normal condition may return to its original position in the graph before the
phammaceutical was administered or to a new or tertiary position that is different from toth the
primary pre-pharmaceutical position and the secondary pharmaceutical-resultant position.

[60114] In some instances, biomarker values can changs very rapidly, such that standard sampling
{for example, & lab test) may miss large changes in the values. Ju an example, sepsis can occur very
quickly when a patient is using a pharmaceutical or is a member of a pharaceutical clinical trial,
Many times, carly clues as to the medical condition of the patient are not seen because current
tesling procedures do not occnr rapidly enough. Also current testing procedures are inflexible within
a shorl period of time, so if a patient needs to be tested for a different biomarker value or
physiological parameter within a short period of times (for example, 4 hours), it is ofien not possible
10 Teceive test results.

[68115] Large changes i biomarker values can oconr such that conventional iab methods which use
only one sample dilution level cannot measure the analyte due to the range of the device. Often,
more sophislicated lab methods that use muitiple dilution ranges that extend a range can aiso be
overwhelied by a massive change (for example, greater than 1000-fold) in a biomarker value, If a

dilution is repeated to obtain the proper range, in many inslances 24 hours may have elapsed before
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the results of the assays are obtained. As described, a systemn or method herein can report resuits in
near real-time fashion, therefore medical personnel has the ability to change the course of medical
action as necessary from the biomarker values obtained. For example, when an increase of an
analyte between assay increases by 100-foid, 200-fold, 500-fold, 1000-fold, 10,000-fold, or even
more, it can increase the dilution level used for the next sample (for example, 100, 200, 500, 1000,
10,000-fold or higher) in addition to changing the frequency of measurement of the analyte.
[00116] In an aspect herein, a method of monitoring sepsis development of a subject comprises:
measuring at least two parameters selected from the group of (1) body temperature of said subject,
{2) protein C congentration of said subject, (3) interleukin 6 (IL-6) concentration of said subject,
muitiple times to yield a trend of temperature, protein C trend, and/or IL-6; and wherein an increase
beyond normal body temperature, & decrease in protein € concentration and/or an increase in IL-6
concentration is indicative of the development of sepsis in said subject. A decrease in protein C
followed by an itcrease of IL-6 can be indicative of the development of sepsis in said subject. A
decrease in protein C followed by an increase of 11.-6 and an increase beyond normal body
temperature can be indicative of the development of sepsis in said subjeci. In some instances, an al
least about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, 10,000-fold, 500,000-fold or more
increase in H.-6 concentration in said subject is indicative of the development of sepsis in said
subject. In a further instance, an at least about 10-fold, 100-fold, 200-fold, 50¢0-fold, 1000-fold, or
more decrease in protein C concentration in said subject is indicative of the development of sepsis
in said subject,

{00137} I an example, when no significant event is ocourring in 2 patient following chemotherapy
at home, the measurement frequency of an analyie can be reduced. In some instances, the systeme
can prompt appropriate action by 2 user based on prior results,

[09118}In some instances, the methods and systems described herein allow for the monitoring of the
health status or medical condition of a subject throughout a sime frame as siall a5 a few days. For
example, the evolution and pathophysiology of the disease process, the respouse to therapy, and the
possible onset of untoward side effects upon exposure Lo a drug can be nonitored by longitudinally
sampling blood. From these samples a profile of key circulating biomarkers can be established,
Specific biomarkers can be sefected based om, for example without Himitation; knowlcdge of the
disease process and its molecular pathophysiology, the mechanisim of action of 2 given compound,
aund its observed effiscts profiles.

[60119] Representation of & similar movement of longitudinal data to thai previously described is
illustrated in Fig, 5. At cach time point (T =0 to T' = 9), the data point is plotted in & probability
space. The line traveled from one point o the next is a vector,

[80126] Diagnosis of the individual may be aided by studying several aspects of the movement of

the individual's medical condition in a probability space. The direction (for example, the angle
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and/or orientation) of the path followed by the medical condition as it moves in the graph can aid in
the diagnosis, prognosis and {reatment decision-making for a given clinical outcome. The speed and
acceleration of the movement of the medical condiiion in the graph may also be diagnostic. Also, the
position of the individual’s medical condition at an independent time point may itself be diagnostic.
[60121)Given that the direction and/or 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 nowmal condition
to predict the consequent, new location of the normal condition; especially if it is established that,
under the effect of a certain agent (for example, a pharmaceutical), there are only a certain number
of locations in the graph at which an individual's normal condition will stabitize.

{04122} However, in some aspects of the iavention, both diagnosis and prediction of assessing the
medicaf condition of a subject are performed by qualified medical personnel and the mathematical
model provides an educational tool and resource.

[081231¥ig. 6 illustrates an exemplary method of the invention for applying 2 mathematical model
longitndinally in real-time. Relevant biomarkers and discrete clinical outcomes corresponding to
different biomarker patlerns are predetermined from historical data. Data is then obtained from a
subject and the data corresponding to each relevant biomarker is measured. Data is preferably
obtained from the subject using a point-of-care microflnidic device, howevey, it can be obtained in
any mannet. Each time the data is obtained a distance metric (for example, Mahalanobis distance) is
calculated in relation to each centroid obtained from a cluster analysis of the histotical data. The
centroids represent the discrete clinical outeomes determined from the historical data,

[06124] As following the flow diagram in Fig, 6, for each individual data set through time, the
probability of the data belonging to each clinical outcome is caleniated. The probability is caleulated
from the distance metric using a statistical estitnation procedure, such as a Bayesian estimate. Based
on the set of caleulated probabilities, the position of each tine point of subject data is assigned to the
probability space. The caleulation is repeated for cach time point.

{00125] A trajectory or vector is then created by Koking adjacent time points. The distance,
direction, speed, and aceeleration of the vector can be caleulated and plotted for display or review, If
the user (for example, physician), decms the data to be of significant imporiance, the user may
activate an alarm or warning system and accordingly change the course of action for treating or
monitoring the medical condition. After a course of action has been adjusted, the steps assessing the
medical condjtion of 2 subject can be repeated to continue to monitor the trajectory of the subject.
[06326]) Fig. 7 illustrates an exemplary method of the invention {ox developing an alarm or eatly
waming system for or upon assessing the medicat condition of a subject. The trajectory of a medical
condition of subject and the information corresponding to the trajectory (for example, speed or
aceeleration) is oblained through a metbod of multivariale statistical caleulations, such as the

method illustrated in Fig. 6. In order to analyze the inforration obtained from the mathematical
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analysis, qualified medical personnel (for example, a physician) can establish criteria for activating
an alarm ot waiming system based on the measnrement of biomarker patterns from an individual
subject.

[80127] This method allows cach individual user to define the value and set of criteria as they see fit,
according to the individual user’s priorities. It is understood that each user or physician may view
each medical condition differently and the example method of Fig. 7 accounts for these differences.
[00128] An exemplary method of the invention assigns progress lines to each discrete elinical
outcome, The progress lines may represent different clinical criteria for the medical condition a
subject passes over. Preferably, the progress lines are positioned and determbied by an individual
user, such as medical personnel. The user may assipn different locations of the progress lines based
upon the subject history, historical data of the medical condition, or personal experience. An
example of a probability space with riles demonstrated as progress lines is illusirated in Fig. 8. For
example, if the trajectory of a subject goes within one of the progress lines illusirated in Fig. 8, an
alarm or warning systern may be activated to netify the user or the subject. Other possible resulls
include, but are not limited to, a system printout of the medical data, a user interface digplaying the
information, a flashing light, an alert system, an alarm, a buzzer, an email, a telephone
communication, and a pager system. The alarm system not only assesses the current medical
condition of {he subject, but may also guide a course of action for the user,

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

60130} In an embodiment of the invention, medical personnel or the subject can be notified of a
need for taking a medical action after sgsessing or characterizing the position of the subject data ina
probability space. Examples of a notification include an alert system, an alanm, a buzzer, an email, a
telephone commnication, and a pager yystem.

[60131] Medical personnel may take medical action when notified by the methods of the invention
that the medical condition of a subject has violated a rule iraposed by the mediea! personnel.
Medical action includes, but is not limited to, ordering more tests performed on the patiens, altering
the dosage of an adminisiered therapeutic agent, administering a therapeutic agent, terminating the
administration of a therspeutic agent, combining therapics, admindstering an aliemative therapy,
placing the subject on a dialysis or heart and fung machine, and admindstering a pain killer. In some
embodiments, the subject may take medical action. For example, a diabetic subject may administer a
dose of insnlin.

{66132] Alter 1 medical aclion has been taken or has been chosen, an outcome analysis can be
performed for characterizing & result of the sclected action. The outcome analysis can lead to

astomatically npdating the probability of the discrete clinical outcotne of the subject.
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[00133] Any clinical outcome, result, or action related to a particular medical condition may be
utitized as a discrete clinical outcome, For example, discrete clinical 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, discrete clinical outcomes may be sequellae, or downstream clinically
relevant events or results. Subject data can be obtained for any pharmacological, pathophysiological
or pathopsychological clinical outcome. The subject data may be obtained during a first time period
before an intervention is administered to the patient, and also during & second, or more, time
period(s) afier the intervention is administered to the patient, The intervention may comprise a
drug(s) and/or a placebo. The indervention may be suspected to have a propensity to affect the
heighteved risk of the onset of the specific medical condition. The intervention may be suspected of
having & propensity to decrease the heightened risk of the onset of the specific medical condition.
The specific medical condition may be an unwanted side effect. The intervention may comprise
administering a drug, and wherein the drug has a propensity to increase the risk of the specific
medical condition, the specific medical condition may be an undesired side effect.

[00134] Medical conditions include, but are not limited to, pharmacological, pathological,
physiclogical and psychological conditions. For example, abnormality, affliction, ailment, anomaly,
anxiety, cause, disease, disorder, iilness, indisposition, infirmity, malady, problem or sickness, and
may include a positive medical condition for example, fertility, pregnancy and retarded or reversed
malc paltern baldness. Specific medical conditions include, but are not limited to, neurodegencrative
disorders, reproductive disorders, cardiovascular disordexs, avioimmune disorders, inflammatory
disorders, cancers, bacterial amd viral infections, diabetes, arthuitis and endocrine disorders. Other
diseases include, but are not limited to, lupus, thewmatoid arthritis, endometriosis, multiple sclerosis,
stroke, Alzheimer's disease, Parkinson's diseases, Huntington's discase, Prion diseases, amyotrophic
Iateral sclerosis (ALS), ischaemias, atherosclerosis, rigk of myocardial infatction, hypertension,
pulmonary hypertension, congestive heart failure, thromboses, diabetes mellitus types Lor I, jung
cancer, breast cancer, colon cancer, prostate cancer, ovarian cancer, pancreslic cancer, brain cancer,
solid turnors, melanoma, disorders of lipid metabolism, HIV/AIDS, hepatitis, including hepatitis A,
B and C, thyroid disease, aberrant aging, and any other disease or disorder.

[00135] Blological Markers

[00136} Biological markers, also referred o herein as biomarkers, according to the present invention
include without limitation drugs, prodrugs, pharmaceutical agents, drug metabolites, biomarkers
such as expressed proteins and cell markers, antibodies, seram proteins, cholesterol,
polysaccharides, nucleic acids, biological analytes, biomarkes, gene, protein, or hormone, or any
combination thereof. At a molecular level, the biomarkers can be polypeptide, glycoprotein,

polysaccharide, Hipid, nucleic acid, and a combination thereof.
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[60137]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 autoimmene
digeases, obesity, hypertension, disbetes, nevronal and/or muscular degenerative diseases, cardiac
diseases, endocrine disorders, any combinations thereof.

[06138] Also of interest are biomarkers that are present in varying abundance in one or more of the
bady tissues including heart, liver, prostate, lung, kidney, bone marrow, blood, skin, bladder, brain,
muscles, nerves, and selocled tissues that are affected by various discase, such as different types of
cancer (tmalignant or non-metastatic), autoimmune diseases, inflammatory or degenerative diseases.
{06139] Also of interest are analytes that are indicative of a microorganism. Exemplary
microorganisms inchide but are not limited to bacterium, virus, fungus and protozoa. Other
biomarkers obiained from a subject also include blood-homn pathogens selected from a non-limiting
group that consists of Staphylococcus epidermidis, Bscherichia coli, methicillin-resistant
Staphylococcus anreus (MSRA), Staphylococcus aureus, Staphylococcus hominis, Enterocoecus
foecalis, Psevdomonas aeruginosa, Staphylococcus capitis, Staphylococcus warneri, Klebstella
preumonige, Haemophilus influnzae, Staphylococeus simulans, Streplococcus prewmoniae and
Candida albicans.

{60140} Biotarkers also encompass a variety of sexually transmitted diseases selected from the
following: gonorrhea (Neisseria gorrhocae), syphilis (Treponena pallidum), clamydia (Clanyda
eracomitis), nongonococeal urethritis (Ureaplasm urealyticum), yeast infection (Candida albicans),
chaneroid (Haemophifus ducrey), trichomoniasis (Trichomonas vaginalis}, genifal herpes (HSV
type I & 16, BIV I, HIV II and hepatitis A, B, C, G, as well as hepatitis caused by TTV.

{60141} Bioroarkers encompass a diversity of respiratory pathogens jnchuding but ot mited to
Pseudomonas aeruginosa, methicillin-resistant Staphlococceus aureus (MSR4), Klebsiellu

7 iae, Fla

Haemophilis parainfluenzae, Escherichia coli, Enterococous faecalls, Servatia marcescens,

Joidie $3ad;

s inf , Staphlococcus aureus, Stenotrophomonus maltophilia,

¢4

Haemaphilis parahaemolyticus, Enterococcus cloaeae, Candida albicans, Moraxiella catarrhalls,
Streptococcus pnewmoniae, Citrobacter freundii, Enterococeuy faecium, Klebsella oxytoca,
Pseudomonas fheorscens, Neiseria meningitidis, Streptococcus pyogenes, Pnewmocystis carinii,
Klebsella pneumoniae Legionella pnevmophila, Mycoplusma preumoniae, and Mycobacterium
tuberculosis.

{60342] Listed below are additional exemplary markers according 1o the present invention:
Theophylline, CRP, CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2, 6-keto-PGF-1-alpha,
and Theophylline, Estradiol , Lutenizing hormone, High sensitivity CRP, Triglycerides, Tryptase,
Low density lipoprotein Cholesterol, High density lipoprotein Cholesterol, Cholesterol, IGFR,
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[60143] Exemplary liver markers include, without limitation, Arginase 1 (liver type), Alpha-
fetoprotein (AFP), Alkaline phosphatase, Alanine aminotransferase (ALT), Lactate dehydrogenase
(LDH), Protein C, and Bilirubin,

{00144} Exemplary kidney markers include without limitation TN¥a Receptor, Cystatin C,
Lipocalin-type urinary prostaglandin D, synthatase (LPGD3), Hepatocyte growth factor receptor,
Polyeystin 2, Polycystin 1, Fibroeystin, Uromodulin, Alanine, aminopeptidase, N-acetyl-B-D-
glucosaminidase, Albumin, and Retinol-binding protein (RBP).

{06145} Exemplary heart markers include without limitation Troponin X (Tnf), Troponin T (TnT),
CK, CKMB, Myoglobin, Fatty acid binding protein (FABP), CRP, D-dimer, S-100 protein, BND,
NT-proBNP, PAPP-A, Myeloperoxidase (MPO), Glycogen phosphorylase isoenzyme BB (GPBB),
Thrombin Activatable Fibrinolysis Inhibitor (TAFT), Fibrinogen, Ischemia modified albumin (IMA),
Cardiotrophin-1, and MLC-I (Myosin Light Chata-I).

[00246] Exemplary pancreatric markers include without limitation Insulin, Amylase, Pancreatitis-
Assocoated protein (PAP-1), and Regeneratein proteins (REG).

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

[60148) Exemplary blood markers include without Iimitation Erythopoeitin (EPO),

{06149 Exemplary bone markers include without Hmitation, Cross-linked N-telopeptides of bone
type I collagen (NTx)

Carboxylerminal cross-linking telopeptide of bone collagen, Lysyl-pyridinoline {deorypyridinoline),
Pyuidinoline, Tartrate-resistant acid phosphatase, Procoilagen type I C propeptide, Procollagen type
I'N propeptide, Osteocalein (bone gla-protein), Alkaline phosphatase, Cathepsin K, COMP
{Cartillage Oligimeric Matrix Protein), Osteocrin

Osteoprotegerin (OPG), RANKL, sRANK , TRAP 5 (TRACP 3), Osteoblast Specific Factor 1
{OSF-1, Pleiotrophin), Soluble cell adhesion molesules, sTIR, sCD4, sCD8, sCDA44, and Osteoblast
Specific Factor 2 (OSF-2, Periosting.

[00156] In some embodiments markers according to the pregent invention are disease specific.
Exemplary cancer markers include withowt limitation PSA (total prostate specific antigen),
Creatinine, Prostatic acid phosphatase, PSA complexes, Prostrate-specific gene-f, CA 12-5,
Carcinoembryonic Antigen (CEA), Alpba feto protein (AFF) , hCG (Human chorionic
gonadotropin), Tuhibin, CAA Ovarian C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Pancreatio, CA 19-9, Carcinoembryonic Antigen, CAA pancreatic, Neuron-specific enolase,
Angiostatin

DcR3 (Soluble decoy receptor 3), Endostatin, Ep-CAM (MK-1), Free Immunogiobulin Light Chain
Kappa, Free Immunoglobulin Light Chain Lambda, Herstatin, Chromogranin A, Adrenomeduliin,

Integrin, Epidermal growih factor receptor, Epidermal growth factor receptor-Tyrosine kinase, Pro-
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adrenomedullin N4erminal 20 peptide, Vasenlar endothelial growth factor, Vascular endothelial
growth factor receptor, Stem cell factor receptor, c-kit/KDR, KDR, and Midkine.

{09151] Exemplary infectious dizease markers include without limitation Viremia, Bacteremia,
Sepsis, PMN Elastase, PMN elastase/ al-PI complex, Surfactant Protein D (SP-D), HBVe antigen,
HBVs antigen, Anti-HBVe, Anti-HIV, T-supressor cefl antigen, T-cell antigen ratio, T-helper cell
antigen, Anti-HCV, Pyrogens, p24 antigen, Muramyl-dipeptide.

[00152] Exemplary diabeles markers include without limitation C-Pepiide, Hemoglobin Alc,
Clycated albumin, Advanced glycosylation end products (AGEs), 1,5-anhydroglucitol, Gastric
Ishibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGPTL3 and 4,

{30153} Exemplary inflammation markers include without linmitation Rhevmatoid factor (RI),
Tummor Necrosis factor-a. {TNF-1.), Antinuciear Antibody (ANA), C-reactive protein (CRP), Clara
Celi Protein (Uteroglobiny,

{00154] Excooplary allergy markers include without limitation Total IgE and Specific IgB.

{00155) Exemplary autism markers include without limitation Cervloplasmin, Metalothioneine,
Zinc, Copper, B, B12, Glutathione, Alkaline phosphatase, and Aclivation of apo-atkalineg
phosphatase,

[00156] Exemplary coagulation disorders markers include without limitation b-Thromboglobutin,
Platelet factor 4, Von Willebrand factor.

[09157) In some embodiments a marker may be therapy specific. COX inhibitors include without
limitation TxB2 (Cox-1), 6-keto-PGF-1-alpha {Cox 2), 11-Dehydro-TxB-1a (Cox-1),

{04158 Other markers of the present include without limitation Leptin, Leptin receptor, and.
Procalcitonin, Brain 8100 protein, Substance P, 8-Jso-PGF-2a.

{00159} Exemplary geriatric markers inchude without linitation, Neuron-specific enclase, GFAP,
and S100B.

[00169] Exemplary markers of nutritional status include without Fmitation Preatbumin, Albumin,
Retinol-binding protein (RBP), Transferrin, Acylation-Stimulating Protein (ASP), Adiponectin,
Agouti-Related Protein (AgRP), Angiopotetin-like Protein 4 (ANGPTLA, FIAF), C.peptide, AFARP
(Adipocyte Fatty Acid Binding Protein, FABP4)

Acylation-Stimulating Protein (ASP), EFARP (Epidermal Fatty Acid Binding Protein, FABPS),
Glicentin, Glucagon, Glucagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptor, FYY, RELMs, Resistin, amd TR (soluble Transferrin Receptor).

[0¢161] Exemplary markers of lipid metabolism include without limitation Apo-lipoproteins
(several), Apa-Al, Apo-B, Ape-C-ClI, Apo-I), Apo-E.

{00162 Exemplary coagulation status markers include without limitation Factor I Fibrinogen,
Factor I Prothrombin, Faclor Il: Tissue factor, Factor IV: Calcium, Factor V: Proacoelerin, Factor
Vi, Factor VII: Proconvertin, Factor VL, Anti-hemolytic factor, Factor IX: Christmas facfor,
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Factor X: Stuart-Prower factor, Factor XI: Plasma thromboplastin antecedent, Factor XIT: Hageman
factor, Factor XIII: Fibrin-stabilizing factor, Prekaliikrein, High-molecular-weight kininogen,
Protein C, Protein 8, D-dimer, Tissue plasminogen activator, Plasminogen, a2-Antiplasmin,
Plasminogen sctivator inhibitor 1 (PAIL).

[06163} Exemplary monoclonal antibodies include those for BGFR, ErbB2, and IGFIR.

(06164 Exemplary tyrosine kinase inhibitors include without limitation Abl, Kit, PDGFR, Ste,
ErbB2, EibB 4, EGFR, EpbB, VEGFRI-4, PDGFRb, FL13, FGFR, PKC, Met, Tie2, RAF, and
Trka,

[00165] Exeroplary Serine/Threoline K.inase Inhibitors include without limitation AKT, Aurora
AB/B, CDK, CDK (pan), CDX 1.2, VEGFR2, PDGFRb, CDK4/6, MEK1-2, mTOR, and PXC-beta.
[09166{GPCR targets include without limitation Histamine Receptors, Serotonin Receptors,
Angiotensin Receptors, Adrenoreceptors, Muscarinic Acctylcholine Roceptors, GnRH Receptos,
Dopamine Receptors, Prostaglandin Receptors, and ADP Receptors.

[603G7}In a separate embodiment, a method herein utilizes pharmacological parameters useful for
assessing efficacy and/or foxicity of a therapeutic agent and the agent’s affect on a medical
condition. For the purposes of this invention, a “therapeutic agent” is intended to include any
qubstances that have therapeutic ntility and/or potential. Such substances include but are not limited
to biclogical or chemical compounrndds sueh as simpe or corplex organic or inorganic molecules,
peptides, proteins (for example, antibodies) or a polymcleotides (for example, anti-sense). A vast
array of compounds can be synthesized, for exaniple, polymers, such 88 polypeptides and
polynucleotides, and synthetic organic compounds based on various core stmctures, and these are
also included in the term “therapeitic agent”. In addition, various natural sources can provide
compounds for screening, such as plant or animal extracts, and the like. It should be understood,
althougl pot always explicitly stated that the agen| is uscd alone or in combination with another
agent, having the same or difforent biological activity as the agents identified by the inveniive
screen, The egents and methods algo are inlended to be combined with other therapies.

[03163} Inmsplementation of the Methods

[081695t is to be understood that the exemplary methods and systems deseribed herein may be
implemented in various forms of hardware, sofiware, [irmware, special purpuse processors, or a
combination thereof. Methods herein can be implemented in sofiware as an application program
tangibly embodied on one or more program storage devices. The application program may be
executed by any machine, device, or platform comprising suitable architecture. ¥t is to be further
understood that, because some of the systems and methods depieted in the Figures are preferably
implemented in sofware, the actual connections between the system components (or the process

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

{00179 Fig. 9 illustrates the process flow of building the model and system for assessing the
medical condition of 2 subject. The subject inputs personal data into a database. The same or a
different database contains data froma other subjects with a gimilar medical condition. Data from the
other subjects can be historical data from public or private institulions. Data from other subjects may
also be internal data from a clinical study.

{00171} The subject may input data in a variety of ways, or using a variety of devices, For example,
a point-of-care microffuidic device may be used to acquire biomarker data st the point-of-care. The
data from the device may then be communicated directly from the device to a database or processor.
A computer or data entry systen: may also input subject data to a database or processor. Data may be
automatically obiained and input into a computer from another computer or data entry system.
Another method of inputting data to a database is using an input device such as a keyboard, touch
soreen, trackball, or a mouse for direclly entering data into & database.

[00172] A database is developed for a medical condition in which relevant clinical information is
filtered or mined over a communication network {for example, the Internel) from one or more data
sources, such as a public temote database, an internal remote database, and a local database. A
public database can iuclude online sources of free clinical data for use by the general public, sucl as,
for example, databases supplied by the U.8. Departinent of Health and Human Services, For
example, an intermal database can be a private internal database belonging to particular bospital, ora
SMS (Shared Medical System) for providing clinical data. A local database can coraprise, for
example, biomarker data relating to discrete clinical outcorne. The local database may include data
from a clinical trial, It may also include clinical data such as temperature and laboratory
information, BX.G results, biood test results, patient survey responses, or other items from patients in
a hospital or an intemal hospital monitoring system. The database can also include historical
reference data of & plurality of subject members in relationship to at least one biological marker.
{00173] The database may also be implemented on a variety of commercially available anthoring
packages.

[00174] The database may be of a storage unit of a medical information syster.

{00175] Data from a database can be {iltered axd classified according to specific cases or medical
conditions or a group of diagnoses and conditions. For example, the classification within the
database may follow the standard international cade of diagnoses (ICE)-9 coding system). A medical
condition may include, for example, a physical state of a subject or a disecase that the subject is

suffering from.
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60176} In an embodiment, the data stored in the database may be selected from the categorics
consisting of: pathology, anatomy, treatment option, treatment outcome, pharmacological parameter,
pharmacokinetics parameter, psychological parameter, and genomic information.

[¢0177) Subject data can be stored with a unique identifier for recopnition by a processor or « user.
in another step, the processor or user can conduct a search of stored data by selecting at least one
criterion for particular patient data. The particular patient data can then be retrieved.

{00178} Relationships can be established between elements of the public databases, the internal
databases and the subject data. Bxplicit relationships declare and record inferences made based on
information revealed by the trajectory or other available observations.

00379} Fig. 9 illustrates the fow of data from a database that includes the data from the subject to a
processor that performs the mathematical methods described herein to construct a probability space.
The subject data may also be inputted to the processor separately from the data pertaining to a
diserete clinical ouicome that is stored in a database.

{00188) A processor can perform calculating the probability space. Once a probability space map is
prepared, the same processor or & different processor can plot biomarker data from an individual
subject within the probability space, The probability space map itself can be transmitted 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 storing the subject data in a storage unit, and a means for
processing data. The processor may also include a meavs for receiving instructions a user or a user
interface. The processor may have memory, such as random access memory, as is well known in the
art. In one embodiment, an output that is in communication with the processor is provided.
[80181] A user interface refers to graphical, textual, or suditory information presented to a user.
User interface may also refer lo the control sequences used for controliing a program or device, such
ag keystrokes, movements, or selections.

[06182] A user interface way be a commercial software application for displaying subject data
and/or (he position of the subject data in a probability space. The user inter{ace generally provides
users with access to a task-specific set of functions to view and modify content. In preferable
embodiments of the invention, the user interface is a graphical user interface (GUI). In some
embaodiments, & constructed probability space in two dimensions can be viewed using a GUL Also,
the trajectory of subject data positioned within the probability space can be viewed using a GUL The
GUI may be displayed on a display monitor. Other user interfaces (hat may be utilized with the
methods of the invention inclade, but are not limited fo, alert systems, web-based interfaces, text
interfaces, sound interfaces, batch interfaces, and intelligent interfaces. In an embodiment of the

invention, the user interface can remotely communicate with the system.
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[86183} By acquiring data from 2 subject at multiple peints in time, a trajectory of the subject data
can be processed. For each time point, a processor may caleulale the position of the subject data
time point in a probability space. A trajectory is created by connecting at least two time points of
subject data. Different vector parameters of the trajectory can be calculated such as distance, speed,
direction, and acceleration. The vector parameters can be caleulated by a processor. The processor
may ha the same as or different than the processor used to consirict the probability space.
{001 84] Based upon rules imposed by a user, the position or trajectory of subject data may activate
an alen, The alert or alert system notifies the user when the subject data conflicts with a rule
imposed by a user. For example, a rule may comprise the probability of a subject of developing an
adverse drug reastion (ADR) is greater than 6O percent. When the probability of the subject data
exceeds the rule, an alert is communicated (o a user.

[$0185) Examples of an alert include, but are not {imited to, a sound, a light, a prinfout, a readout, a
display, a page, an e-mail, a fax alert, telephonic communication, or a combination thereof. The atert
may ecommunicate to the user the raw subject data, the caloulated position in probability space of the
subject data, the trajectory of the subject data, or a combination thereof.

{08186 A user is most preferably medical personnel. In an embodiment, the same user has access to
the subject data, establishes the rules for alexting the user, and is alerted by the alert, The user may
also he the subject. For example, a diabetic patient may monitor his personal glucose levels or other
biomarker Jevels. Tn another embodiment, a user has access 10 the subject data at any step of the
mathematical model.

[00187]Fig. 10 demonstrates & networking method of assessing the medical condition of a subject.
A systen of commumicating information moay or may not include a reader for reading subject data.
For example, {f biowarker data is acquired by a microffuidic point-of-care device, the values
assigned to different individual biomarkers may be read by the device itself or a sepasate device,
Another example of a reader would be a system to scan. in subject data that has been entered in an
clectronic medical record or a physician chast. A further example of a reader wonld consist of an
electronic patient record database frorn which subject data could be directly oblained via the
comimunications nelwork,

{09188} A user station may be incorporated into the methods and systerns herein, The user station
cav. a¢ct as a reader for reading subject data or as a data entry system, The user station may also be
used 1o communicate data information directly 1o a user, such as medical personnel or the subject.
The user station piatform may be a computer or one of a wide vatiety of hardware platforms that
Tuns any opersting system, The platform may read and write to and from a storage unit. A storage
unit may be incorporated within the user station, As will be readily apparent to those of ordinary

skill in the art, other hardware may be used to sxecufe the methods of the invention.

s



10

20

25

30

35

[04189] According to still further embodiments, a server may be provided for use in assessing a
medical condition of a subject. In some embodiments, a reader and/or user station communicates
with a server. The server may comprise a network interface and a processor. A storage unit may also
be provided in the server. The storage unit is coupled to receive the patient data from the input
device, reader, or user interface, and to store the patient data.

[80190] The storage unit may be any device capable of storing data for a long period of time, either
as a component of the platform, or as a separate entity that is coupled to the network. Although any
appropriate storage capacity may be used, the capacity is typically at least ten megabytes and more
usuaily at least twenty gigabytes. The storage unit may be permanent or removable. For example,
the slorage unit may be as magnetic random access, such as fiexible or hard disk drive, magnetic
sequential access, such as tape, optical random access such as CD, DVD or Magnetic Optical drive,
and solid state memory, such as EPROM, MRAM and Flash, In addition, the present invention
anticipates other storage devices. Al of the aforementioned storage units are by way of example and
are not intended to limit the choices that are or may become available in the art.

{00191] In some embodiments, the data are further manipulated prior to storage by the processor
compressing the data. Some data sre very large and compression permits consexvation of storage
space. In the absence of compression, this large amount of data may present a partieular problem for
the storage of medical information.

[00192] In other embodiments of a system for assessing the medical condition of a subject, data
storage, provessing and control of data are implemented on a server that is in communication with a
user station. Optionally, computations with the data may be performed on the server as well. In this
client-server embodiment, the server is eommunicatively coupled to one or more user stations by
local erea network (1.AN), implemented with Ethernet, Wi-Fi, Bluetooth, USB or Firewire, s Wide
Area Network (WAN) such as the Internet, inplemented by broadband cable, xDSL, T1,
metropolitan Wi-Fi or other high speed communications down to plain-old-telephone-service
@OTS).

100193} A user station is in communication with a server to output the information processed by the
server, The user station may be the same or different from the user station or device used to input
subject data into the system. The user station may also be an alert or 4 warning system. Exaroples of
a user station include, but are not Himited to, 2 computer, a PDA, a wireless telephone, and a
personal device, such as an iPod. The user sfation may be in communieation with a printer or a
display menitor o output the information processed by the server.

{60194] In a networked sysiem comprising a server, any aumber devices may be members of a
medical network enterprise and access a central collection of medical data stosed in a server. A

glven user station may have access o enormous amounts of patient data from healthcare sources
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anywhere in the world. It one application, data from multiple practitioners are aceumulated for
defined clinjcal trial studies.

[00195] Statistical information is provided to the user of the systerm, preferably at the point-of-care.
The point-of-care is where treatment is implemented. Advantageously, the dynamic and real-lime
characteristics of Internet nsage are captured in this feature. This enables medical personnel or the
subject either in the office or in the field to instantaneously be notified of and presented with, for
example, a subject’s medical condition and statistical information pertaining to the subject data.
{00196) The user station, alert system, or oufput device may encrypt the data prior to data
trapsmission. The data can also be encrypted by the processor to protect private information. A
variety of encryption schemes may be used, such as public key encryption or private key encryption.
The encryption components may be stand-alosie components or software components. The server
1wy also include a decryption unit for decrypting received subject data prior to storage.,

[061971In an alternative embodiment, if the comumication bandwidth between the user and the
server becownes restrictive (for example, if the server is “down™), the model can be duplicated and
regide in a mirror server at a user station. Updates and communications between the server and the
mirror server can be done off-line at predetermined times. On-line requests from the user can be
handled locally by the mirror server. This alternative provides increased reliability for users, since
the on-live processes do not depend on outside networks,

{04158} In an alternative configuration of the data analysis system, client-based architecture is used
where storage, data processing and computations are performed on 2 user station. An input device
trangmits data from a source to a platform. The platform is coupled to a display through a display
controller, The display may be any one of a number of conventjonal display devices, such as a liquid
crystal display or video display. The platform coniaius & storage unit, a processor and an interface
for commumicating with the input device. The storage unit bas a database for storing, manipulating
and retrieving subject data, The storage unit also may store and mun an operating system, The user
station platform may be a computer or one of a wide veriety of hardware platforms that runs any
operating system. The platform may read and write to and from its storage unil. As will be readily
appareni to those of ordinary skill in the art, other hardware may be used to execute the software.
1001991 In another aspect, computer readable instructions are provided, which when executed cause
a processor to: provide a probability space dofined by a set of disetete clinical outcomes, each of
which is characterized by a statistical distribution of at least one bivlogical marker; obtain subject
data corresponding to the at least one biological marker; and caleuiate the position of said subject
data in said probability space to assess the probability of a medical condition of said subject.
[60280] The computer readable instructions may be a part of & software package. The software
package can be provided with a server of the invention or sn input device, such as a microfluidic

point-of-care device,
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160201} In an embodiment, computer readable instructions comprise instructions for creating a
trajectory betwecn two time points of subject data, The instructions may also cause a processor to
calculate vector parameter of a trajectory, such as speed, position, heading, and acceleration.
[60202} Computer readable instructions may direct a processor or output device to output the
assessment of a medical condition. The instractions, when executed, may display a graphical
representation on a monitor, print an output on a printer, or activate an alert or alarm.

[66203) In another aspect, computer readable instructions may be stored in a computer readable
medivm. T some embodiments, the computer readable medium that stores instructions is a slorage
unit as described herein. Still other embodiments may provide a computer readable medivm having
stored therein a pluratity of sequences of instructions, which, when executed by a processor, execute
a method of the nvention.

{89204 The computer readable instructions when executed can cause & processor to provide a user
defined alert condition based on an assessment of trajectory parameters of the subjeci data in the
probability space. In an embodiment, the trajectory parameters are at least one of speed,
acceleration, direction, and position.

100205} As used hereln, & “compuler 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 limited to, magnetic storage medium, optical storage medivm, electrical storage medium, and
hybrid storage medium of any of these categories.

[06206] The computer readable instructions can operate in a software runtime environment of the
processor. In an embadiment, a software runtime environment provides commonly used functions
and facilities required by the software package. Examples of a soliware runtime enviromment
include, but are not limited to, computer operating systems, virfual machines or distributed operating
systems. As will be appreciated by those of ordinary sidll in the art, several other examples of
runtime environment exist.

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

{00208} Computer readable media includes volatile and non-volatile, removable and non-removabie
medis inplemented in any method or technology or storage of information such as computer-
readable instructions, data structures, program modules, or other data. Compuler storage media
inchades, but is not limited to, RAM, ROM, EPROM, EEPROM, flash memory or other solid state
menory technology, CD-ROM, DVD, or other optical storage, magnetic casseites, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used to

store the desired information and which can be accessed 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,

{00209] The computer readable medium can be incorporated as part of the computer-based system of
the present invention, and can be employed for a computer-based assessiment of a nedical condition,
[060210] Healtheare Operating System

{0621 1] Different aspects of the invention can be used and developed for healthcare systems.
Examples of such systems include point-of-care systewms, a healthcare operating system or a
combination of both. For example, 8 user may test a blood sample with a device and the information
from the test can be provided to a system or method of the invention, which in turn sends additionat
information to the user.

{00212} In an embodiment, a healtheare systemn is part of an integrated infrastructure buill around
real-time, point-of-care disposable blood monitoring devices which analyze about 10 microliter
samples in a similar manner to astomated replication of the manual processes run by a central
laboratory. In an integrated infrastructure, information can be wirelessly transmit from an assay
device t0 a database which infegrates data from the devics with stored data from disparate databases
{patient record, genetic or genomic information, data from clinical trials) into a central database. The
system. can then allow for the automatic applicalion of mathematics to the database in the context of
the pathophysiology of a given disorder. For example, a healthcare sysiem can be used to rapidly
improve the Iabel of key drugs through adaptive elinical studies which can generate publications for
iabel expansions for new indications, patient subpopulations, and for ameliorating safety concerns,
[00213) In an embodiment of the invention, a healthcare system can be utilized for home, real-time
blood monitoring has significant implications which allow us to coliect information which cannot be
seen using the conventional blood testing infrastructure.

{00224 Fig. 11 illustrates an exemplary embodiment of 2 system of the invention. Real-time
acquisition of subject data can be accomplished using a point-of-care device. The point-of-care
device can acquire, store, and/or manage informoation based upon a specific disease or compound.
The point-of-care device may also be in communication with the user or a computer or syslem
belonging to the user. A point-of-care enviropment in this example can be the home or the clinic,
Also illustrated in Fig. 11 is traosmitting mformation in real-time from the point-of-care device to a
server or system that is capable of converting the information or data to a physiologically relevant
context. This can be accomplished by wausferring the information to a database or s plurality of
databases. The databases can be on a server or a plorality of servers, In an embodiment, a centralized
database repository is used to analyze the data and retumn the data to an end user in a physiologically
relevant context, The data can be refurned and, in the example of Fig. 11, information, such as

clinically relevant and actionable information, can be returned to a user throngh browser-based
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software applications. The information could be used for adaptive clinical trials and publications if
the end user is a medical researcher or pharmaceutical company.

[08215] A system of the invention comprising a point-of-care device in commmnication with a
healtheare system may not require the tansfer of samples, such as transportation to a laboratory,
which in turn, can improve thie integrity of a sample. Defection of an analyle in a system or method
of the invention can be provided in real-time at the point-of-care. Real-time detection integrated
with a healtheare central database system can allow for the creation of complex longitudinal data
seried acquired by an inununoassay device.

{60216} Fig. 12 demonsirates an exemplary system of the invention, wherein a health care operating
system comprises data infrastructure, models and algorithras, and sofiware applications. The data
infrastructure can be used by a phacaceutical company for clinical trials across an entire
pharmaceutical pipeline. A model or algorithsn of the health care operating system can comprise, for
example, pradictive and dynamic, multivariate, mulli-dimensional models that can be customized for
program-specific objectives and that can map discase progression and regression. A system can be
integrated with back-end algorithms, models, and data in the data infrastrycture, For example, a
system can transmit individualized content to users on devive touch-screens or mobile phones. The
feedback may assist wilh behavior modifieation and increase compliance with therapy, The
algorithms described herein enable correlation of blood data to efficacy dynamics profiles, behavior,
lifestyle, dict, and side-effects.

[09217] Content can be based on data for patient classes, which recoguizo physiological and
psychological pre-dispositions as well as local socio-environmental influences, In another
embodiment, a system can link users through social networks, where success stories conpound
through the combination of each tailored home health system with a given therapy,

{08218 The health. care operating system can interact at the point-of-care with consumer systems,
such as an assay cartridge, an assay reading device, or a mobile device such as a cell phone. The
field units can be integrated with point-of-care home and mobile monitoring systems. Field units can
be remote, portable patient care systems and can provide on-site, real-titne, automatic processing of
cartridges for blood analysis. In some instances, field units comprige 2 user jnterface, allowing
patient to initiate assays and graphically enter a variety of relevant information, such as: patient
diaries, environmental, behavioral, and psychelogical information, and two-way communication
system from the instrements to medical personnel or mobile phones and back to patients with
relevant content, messages, and health information. T some instances, bieod and environmental data
is automatically {for example, wirelessly) transmitted into models in real time,

[66219] As described herein, a health care operating system can comprise information integration
and exploitation infrastructure that permits, for example without limitation: data acquisition and

storage of point-of-care resulls in real time, integration of blood parameters and patient diacy data
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with all other physiologically relevant information, and 2 central mathematical soflware program,
The central mathematical software program can. graphically visualize, help to interpret, and analyze
all data in one place and link any new information into a discase management system that then maps
the information onto a probability space of clinical outcomes. A health care operating system or a
field unit can provide 2 graphical display of clinically relevant and actionable information back to
the heallh care provider and/or the patient or user.

[00220] Possible applications for a healihicare system of the invention include, but are not Iimited to,
an integrated kink to an adaptive clinical trial or healthcare management system, drug and systems
combinations for post-prescription monitoring, a healthcare operating system (for example, a server
controlied point of care whole blood monitoring systems), and identification of correlations o
cfficacy of key compounds during clinical studies.

00221} In an embodiment, a system can provide a graphical portrayal of integration of available
data sets to a user.

(80222 Jn another embodiment, a system of the invention can penerate data that may serve ag
historical data in future studies. A system can be customized according a the needs of a user, for
example, extracting relevant information from a phanmaceutical company’s existing databases, a
central mathematical software program which allows a pharmaceutical company to visually see,
interpret, and analyze all of their data in a place and is linked to a clinieal trial system.

(06223} When utitized with clinical trials of pharmaceuticals, a system of the invention can provide
an understanding of eompourd efficacy, disease progression and patient response that may not be
possible using the conventional blood testing infrastructure.

[08224] A database and & healthcare system can be custompized to monitor frends protein assays over
time and their relationship to disease progression across different indications while accounting for
the other refevant variables or biomarkers in the pathophysiology of the diseasc. The customization
can be designed to automatically incorporate all relevant data for use in mapping disease progression
across relevant indications and are the foundation of historical data. The maps and baselines can be
used in designing future stndies and in future studies to exiract better information from blood test
results and provide early reads on efficacy across different indications.

[00225] Fig. 13 demonstrates an cxemplary datsbase comprising an oniology of biomarkers that are
related some types of medical conditions. For exaraple, sepsis as a disease is categorized as a
pathophysiology snd is linked in this ontology to Acute Liver Failure (ALY), Disseminated
Intravascular Coagulation {DIC) and the like. Bach of these pathologies can be considered a
sequelias of sepsis in the context of this onlology. In ihis example, a drug used to treat sepsis is
CytoFab. In some instances, the sequellae can be characterized by the spectra of biomarkers as
described in Fig. 13. For example, ALF is characterized by specific patterns of ALT, AST, GGT,
and Alkaline phosphatase.
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108226} In an aspect of the invention, the methods, devices and systems disclosed herein can
comprise # healthcare operating system, A healthcare operating system can comprise a central
control system for delivery of care to consumer and for an economic model for payors and payces.
[00227}In an embodirent, a healthcare operating system can provide an early system possibly to
detect the onset of disease. A system can further comprisc = learning engine that ties o the
preferences of a user or an jusurance previder based on dmg availability, targeted response rate, or
payvment structure,

106228} A computer system or server of the nvention can include a dynamic learning engine, for
example, as the system or server receives data, the operations of the system or server can be
updated. A system or sexver can also call in to siloed databases, exiracts, and locally store
(permanently or temporarily) information in a central data repository.

{08229} In snother embodiment, a bealtheare systemn can comprise a conununications portal for a
user to communicate an anay of information to the system, such as weight, nicotine consumption,
food consumption, exercise, and physchiatric variables,

[08236] Fig. 14 illustrates an example hierarchy of & healthcare operating system of the invention.
The central operating system has access to a data infrastructure and monitoring devices for obtaining
subject data, As demonstrated in the example in Fig. 14, the data infrastructure can comprise a
search tool, communication links, analysis of data, and applications. For example, a communications
link can communicale o a consumer, chinician, or HMO, A clinician can use the information for
stmplification and effectiveness of his decision making or as a data/knowledge base background. An
HMO could for example receive information of a clinical trial, such s drug efficacy and the costs of
the drug use. Analysis of information in the data infrastructure as illustrated in Fig. 14 can include
generation of a trajectory, fuzzy logie guidance, collaborative fillering prediction, disease maps, and
data reporis fox clinical trials or new drug discovery. Exampies of applications of a data
infrastructure inchude reports (public or private), alests (for example alerts of 2 user, clinician,
¢linieal trial, or a pharmacy), and dynamic, adjustable irials.

{04231} Adso demonstrated in Fig. 14 is the hicrarchy of information received by the exemplary
operating system from smonitoring devices, The devices and operating system can monitor and
release drugs if necessary. In a prefersble embodiment, the devices monitor anatytes in a bodily
fluid. For exampie, when monitoriug blood, the devices may be capable of executing preseription
blood tests for a clinical or preventative selling or evaluaie drug systems as demonstrated.

{00232} In an aspect, a system is disclosed that solicits input from the user or bis agent (for example,
a physician) to facilitate a conversation between the subject and his agent about the status of the
person’s health at a time. Examples of input that can be solicited by a system include, but are not
limited to, esiablishing alert levels, medical notation, and personal notation. The system can. acquire

clinically relevant information about a person and place the information in & physiologically-
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reasonable contexi. Examples of clinically relevant information include, but are not Linited to, age,
gender, race, medical history, and genomic information.

[00233) Iz an embodiment, time dependent data can be representative of overall clinical health or
response, including a dingnosed disease condition that requires monitoring, & response profile for a
particular drug or combination of drugg, 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 patient, a physician, a clinical monitor for a clinicat trial, and other medical
personnel.

{60235) Information can also be integrated into a central repository lor inclusion into, for example, a
medical record or a clinical trial report.

{00236} Fig,. 15 dervonstrales an exemplary system of the invention wherein an analysis database can
receive infoxmation from a database containing data from a reader or carftidge dntabase, historical
databases, a patient database that can contain data enfered by a patient, and a customer database.
Other features of a system of the iivention are demonstrated in Fig. 13, The system is capable of
performing analysis on data received by the system. The analysis can be sny method as described
herein and can include developing or viilizing a diseasc map, using statistics for a slatistically
analysis of information within the system, reports or graphs, and/or a combination of the different
methods ag described.

{80237 Fig, 15 also illustrates a user interface that may be utilized in a system of the invention, The
user interface can interact with any of the compenents detnonstrated in Fig. 15. In a preferable
embodirnent, the user interface allows a uger to interface with the system to determine test data or
analysis outcomes, such as physiologically relevant information. The user interface may be a touch
screen, monitor, keyboard, mouse, or any other item that allows a user to interact with a system of
the inventinn as would be obvious 1o one skifled in the art,

{00238} As shown in Fig. 15, a system can be utilized to manage a readet or point-of-care device.
This can include mansgement of a cartridge lo be inserted into the reader for measurement of data.
For example, the system can provide the reader a protocol for runuing an immunoassay of the
cartridge. A systern of the invention caw also provide information 1o the reader for calibration of the
immunoassays run on the cartridge that are run or executed by the mader. Reader manageinent can
also include infornation for assigning the reader for the appropriate rending system for reading an
imiunoassay from a point-of-care cartridge. Reader management can also include comrective and
preventive actions (CAPAJ, which is an instrument of integrated and comprehensive compliance
mwanagement. An element of the CAPA approach is an effeclive and systematic processing of quality
deficiencies, errors and malfunctions with the goal to provide sppropriate corrective aciioas and
cansistently prevent a reoccurrence of non-confonmance situations. The CAPA stategy was
developed by the Food and Drug Administration (FDA) for the inspection of medical produets.
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[09239] Systems and methods described herein can be used for pharmacentical clinjcal trials. In
some instances, the systerns and methods accelerate trial timelines by an average of 18 months. In
50me instances, a system ot method herein may provide dose-response and efficacy dynamics
profiles in less than, 18 months, fess than 15 months, less than 12 months, less than 10 months, less
than 9 months or even less than 6 months. Real-lime phannacokinetics and pharmacodynamics may
provide better efficacy and more safety information. The methods herein may also decrease the sk
of toxicity slowing spproval or restricting use by shifting dose across: sub-populations, concomitant
medications, and multiple indications, In other instances, a system or method herein can iroprove
predictive visibility into pathway dynamics. A model a8 describe can produce predictive insights and
power strategic decisions. A system can support communications with regulatosy authorities
inlernationslly and can facilitate ‘learn and confirm’ strategy for adaptive clinical trials.

{06240} A, system hercin can include a data management systern. The data mnanagement system can
be operated through a plurality of devices or systems, or by a single central server. An example of
data management of a systen: of the invention is shown in Fig. 15. A data management systein can
receive input or output from, for example, & point-of-care reader, a database (such as an analysis
database or a historical database), and a terrinal (such as a user interface). A data mapagement
System can also conduct storage managesent, for example, storage of a patient’s individual data or
storage of information related 1o a particular disease or drug profile. For example, if using a system
and/or method of the present invention 1o conduct a clinical trial on an experimental drug, the data
management and storage management syslems can receive data from the point-of-care from a
reader, and then store the information in datsbases for analysis of the data. Boti the patient data and
the analysis dala may then be stored for future use of a systern. For example, if one side effect is
noted in a patient in Phase I of a clinical trial, that side effect information may be used for the
anakysis of results of a patient in Phase [ of the clinical trial. As another exaruple, a disbetic
individual mway receive a glucose measurement at an earlier time, which may then be used to

cvaluate the condiiion of the individual af a later timne following another measurement,

EXAMEPLE X
{00241} Prostate cancer and anti-angiogenesis trestment
[06242] A Phase ¥ or Phase Ia clinical tdal for treating a subject diagnosed with prostate cancer with
an anti-angiogenic drug allows for dose adjustments during the toal. The subject is monilored over a
course of time during the clinical study. The method of action of the anti-angiogenic drug is to halt
the growth of blood vessels in and around the tumor, thereby depriving the tumor of adequate blood
supply. This may induce ischemia and nuiritional necrosis in the tumor, thereby debulking the

tuyor.
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{00243} After the methed of action is determined, discrete clinical outcomes are chosen by medical
persomnel, such as a physician or clinical monitor. The discrete clinical outcomes chosen in this
example are complete response (CR), partial response (PR), non-response (NR), and adverse drug
reaction {ADR). The ADR related to the anti-angiogenic drug is hypertensive encephalopathy in this
example.

{00244} Six biomarkers representative of the clinical outcome of the subject with prostate cancer are
chosen 1o define the diserete clinical outcomes. The blomarkers are PSA, TPS, kK2, VCAM-1,
Endothelin-1, and 6-keto-PGF-1-u. Using these bjomarkers and the corresponding historical data on
the progression of prostate cancer treatments with anti-angiogenic drugs as well as data from other
subjects in the clinical trial, 2 cluster analysis is performed. Each discrete clinical outcome is
assigned to a centroid of one of the clusters.

[00245] Before the subject is treated with the drug, the subject is assigned a position in the
probability space based npon the subject’s data from the relevant blomackers. The probability of the
subject belonging any of the discrete elinical outeome classes is determined using the Mahalanobis
distance, from which a probability is calculated using a Bayesian estimation. The result of this
calcnlation retnrne the four probabilities corresponding to the four clinical outcomes of the example.
The position of the subject is determined by plotiing the four probabilitics in the probability space.
[00246] The probability space cotresponding to fovr clinical putcomes is graphically displayed as a
square in two dimensions. The user of the model, in this example, medical personnel, establishies
rules for the medical condition of the subject hased the subject data’s position and/or trajectory in
the prabability space. Each discrete clinical outensne has a line representing the nule established by
the medical personnel, as shown by the dashed lines in Fig. 16 . When the subject crosses the dotted
line towards the CR or PR conditions, the subject is substantially free of ADR and has fmproved
his/her prognosis.

166247} In Fig. 16 , the trajectories of two different subjects are plotied. Subject 1 has a trajectory
that starts in the middle of the probability space and then heads towards the ATIR condition. In this
example, the medical personnel may notice the irajectory’s speed or acoeleration and intervene in
the trestinent. When Subject 17s trajectory crosses the dotted line towards the ADR condition, an
alarm is activated. 'The medical personnel react accoxdingly.

{00248} Subject 2 has a tajectory that heads fowards the NR condition. The dose of the anti-
angiogenic drug treatment is adjusted corresponding to the rules established by the medical
personnel. After the adjustment of the dose, the trajectory heading changes towards the PR
condition. The exanple iliustrates 2 metbod and embadiment of the invention for mobioring a

clinical tiial.

EAAMPLE 2
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§00249] Sepsis and Anti-TNE (restment

{08250] Bubjects with confirmed or suspected sepsis or systeric inflanamatory response syndrome
{SIRS) are ireated with an anti-TNF therapeutic during a Phase TIb (dose adjustment altowed) or a
Phase HI (no dose adjustment allowed) clinieal trial. The subject is monitored over a course of time
during the clinical study. The method of action. of the anti-I'NF drug is anti-inflaramatory. The drug
is aimed a1 preventing or circumscribing downstream sequellae of sepsis. Typicaily, the anti-TNF
drog is given in conjunction with a broad spectrum antibiotic,

[00251] After the method of sction is detenmined, discrete clinical ontcomes are chosen by a
physician. The discrete clinical outcomes chosen in this example are response (R), non-response
(NR}, and four sequeliae (disseminated intravascular coagulation (DIC), acute respiratory distress
syndrome {ARDS), acute fiver fatlure (ALF), and acute rena} failure {ARF))

{00252} Twenty biomarkers representative of the medical condition of the subject with confinmed or
suspocted sepsis are chosen to define the discrete clinical outcomes. In this example, the biomarkers
fall into multiple categories to monitor the different discrete clinical outcomes as defined by the
physician. Lipoprotein Binding Protein (LBP) biomarkers measure infeclious growth and the R and
NR conditions. The LBP biomarkers are LBP, TNF, CRP, IL-6, and TL~8. Biomarkers that are
relevant to the DIC condition are von Willebrand’s factor, Protein C, thrombin, procalcitonin,
neopterin, and PAF-1, The biomarkers of the ARDS condition are von Willebrand’s factor, IL-6, 1L~
8, IL-1, and TNF, The biomatkers of the ALF condition are ALT, AST, GGT, LDH, Alkaline
phophatase, bilirubin, and Protein C. The biomarkers of the ARF condition are Creatinine and
Cystin C.

100253] Using the biomarkers described in this cxample and the corresponding historical data on the
progression of sepsis and the treatment of sepsis with anti-TINF therapeutics as well as data from
other subjects in the clinical trial, a cluster analysis is performed. Bach discrete clinical outcome is
assigned to a centroid of one of the clusters.

{00254) Before the subject is treated with the drug, the subject is assigned a position in the
probabitity space based upon the subject’s data from the twenty biomaskers, The probability of the
subject belonging (o any of the discrete clinical outcome classes is determined vsing the
Mahalanobis distanee, from which a probability is calculated using a Baycsian estimation. The result
of this calculation returns six probabilities corresponding fo the six clinical outcomes of the
example. The position of the subject is determined by plotting the six probabilities in ke probability
space.

{60255} The probability space corresponding to the six discrete clinical ontcomes is graphically
displayed as a hexagon in two dimensions. The physician establishes rules tracking non-responsive

subjects and possible adven!, of sequellae. The rules are plotted on the hexagonal graph as lines as
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illustrated i Fig. 17. The medical condition of the sabject is based the subject data’s position and/er
trajoctory in the probability space.

106256] In Fig. 17, the trajectories of twe different subjects are plotled. Subject 1 has a trajectory
that starts with a high probability of being a member of the DIC condition. However, as the
subsequent time points are taken, the subject trajectory moves away from the DIC condition and
towards the NR condition. When the pliysician notices the trajectory’s speed and heading, at T = 6,
he raises the dose, At T =9, the suhject’s position in the probability space has a high probability of
being part of the R condition. The physician assesses the medical condition of the subject at any
point in time along the subject’s fiajectory.

(06257} Subject 2 has a trajectory that begins in the middle of the probability space and heads
towards {he WR condition at T = 1. However, at T = 2, the subject’s position and trajectory are in
viokation of the rule established by the physician and an alaym is sounded. The alarm alerls the
physician that the subject has s high probability of suffering from one of the dangerous cliniesl

cutcomes of sepsis.

EXAMPLE 3
{00258 Diabetes pud Insulin Seusitization
186259} Subjects with non-insulin-dependent Type 2 diabetes are treated with a commercially
available insulin sensitizer and are monifored for efficacy and safety wherein the primary ADR of
concem is congeative heart failure {CHR), The subject is monitored over a course of time during the
clinical study. The method of action of the insulin sensitizer involves re-establishing insulin
sensitivity in the subject via antagonism of a nuclear receptor in the adipose tissue and the liver. The
insulin sensitizer and method of action act to increase glucose uptake in the peripheral tissues and
thus reduce the cireulating glycenia,
[0$260] A subject and a phiysician choose the best set of discrete clivical outcomnes and miles for the
subject based on personal information. The discrete clinical outcomes are reaponse (R}, non-
response (INR), and adverse drug reaction (ADR). The ADR is congestive heart failure.
[00261] Afler the thwee clinical outcomes are chosen, biomarkers most representative of the medical
condition of the subject are determined by diseriminant analysis. The biomarkers representative of
efficacy of the tusulin sensitivity treatment are glocose, insulin, adiponectin, and resistin. The ADR
of congestive heart failure identifies the representative biomarkers as Brain natriuretic peptide
(BNP), amino-terminal-pro-BNP (N-3NP), atrial natriuretic factor (ANF), IL~1B, Troponin-C,
Cardiac fatty acid binding protein, Myosin light chain-1, Myoglobin, MMP-9. Using these
biomarkers and the corresponding historical data on the type 2 diabetes, a cluster analysis is

performed. Fach discrete clinical outcome is assigned {o a centroid of one of the clusters.
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[00262] Before the subject is treated with an insulin sensitizer, the subject is assigned a position in
the probability space based upon the subject’s data from the relevant biomarkers. The probability of
the subject belonging any of the discrete clinical outcome classes is determined using the
Mahalanobis distance, from which a probability is caleulated using a Bayesian estimation. The resull
of this calculation returns three probabilities corresponding to the three clinical outcomes of the
example. The position of the subject is determined by plotting the three probabilities in the
probability space.

[60263] The probability space corresponding to three clivical outcomes is graphically displayed as a
triangle in two dimensions. The physician and subject establish rules most important to the
individual diabetic subject, The rules are to track the NR and ADR conditions. When the probability
of belonging 1o the ADR condition class increases beyond a boundary defined by the rule, an alarm
is triggered. The dose is increased according to a rule when the subject has a high probability of
being a NR.

[06264} In Fig. 18, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
that starts in the middle of the probability space and then beads towards the ADR condition. In this
example, the subject may notice the trajectory’s speed or acceleration and ask the physician if a
change in treatment is necessary. When Subject 17s irajectory crosses the dotted line towards the
ADR condition, an alarm is triggered. The subject may react by going to the hospital,

{06265] Subject 2 has a trajectory that heads {owards the NR condition. The doge of the insulin
sensitizer is adjusted corresponding to the rules established by the physician and the subject, Adter
the adjustraent of the dose, the trajectory heading changes towards the R condition. The example
illusteates a method of the invention for monitoring a diabetic subject taking a commercial fnsulin

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

REAMPLE 4
{60266} Graphical Representstion of the Clinical Gutcome of & Subject
{80267} The example demonstrates a method for corarnunication of the results from the
mathematical model to 2 user. The method is 1o plot a series of points and vectors in a space
bounded by a polygon. The vertices of the polygon represcent the centroids of clusters of diserete
clinical outcomes. The position of the points represents the probability that the subject data belongs
to each centroid, The probabiity of the point betonging to the diserete clinical cutcome is inversely
proportional 1o the distance of that point from the vertex. Since the vertices represent all the
significant clinical outcomes, the sumn of the probabilities for a given point must be 1.
HI0268] A set of veetars is created where cach value of a vector represents the probability of

wembership in each of the elusters. The modutus (magnitude) of the vatues is the probability and the
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argument {angle) of the vector points to a vertex, which are equally spaced. The vectors are summed

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

Table 1

Discrete Clinical outcome

Time Point R NR ADR1 ADR2 ADR3

1 20 20 20 20 20
2 25 10 25 20 20
3 30 10 20 20 20
4 40 10 10 20 20
5 50 10 10 19 20
6 60 10 10 10 16
7 80 10 5 5 0

i 100 ] 0 6 0

|90269] For example, in Table 1, each row represents the position of one point, The columns,

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

N

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

and 50 on.

{86278] ¥or the data in the table a graphical representation is ercated as illustrated in Fig. 19. We see

that ihe sarrounding polygon has five vertices, cacli labeled as ope of the columns in the tabular data

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

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

others. In this example, as the trajectory grows through time, the probability of the subject data
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reaches a final 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.

{00271] Additional information can be included in the output of the probability space, including the
points representing the data of the discrete clinical outeomes that defived the clusters and centraids.

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

EXAMPLE 5
(00272} Drug development is an extremely tisky proposition. Over the last decade, the failure rates
for clinical programs have been identified as high 90% with an amortized cost of nearly one billion
dollars per approved drug. These failures are due to any numbrer of factors. These include, but are
0t Himited to: a faulty hypothesis as to a target’s role in the evolution and pathophysiology of the
disease; the testing of that hypothesis in an inappropriate, and non-predictive, animal model; a faulty
hypothesis regarding a componund’s MOA,; inappropriate dosing schedules for individuals within
target subpopulations, including inappropriate phartacokinetics/pharmacodynamics (PK/PL))
characteristics; and developing untoward physiological effects (for example, Adverse Diug
Resctions - ADRs) in some segments of the pationt pupulation and thus decreasing the therapeutic
index for the compound in that population.
[66273] This example demonstrates using a Type 1 biomarker for a compound within a partienlar
therapentic area to: (a) validate the underlying hiypothesis regarding the method of action for the test
compound; (b) identify, and then enrich, the appropriate responder subpopulation in a confirmatory
trial; and (c) develop a truly adaptive dosing protocol based on the individual FKs and PDs of the
responder population.
08274 A real-time monitoring system is used identify the emergence of thess characteristic
subpopulations ealier ratber (han later, to efficiently manage and control the clinical trial and allows
the clinical research team meke precise decisions regarding frial management. On a palient by
patient basis, it dynamically identifies the coropound’s effects in one particular trial subject, and
then physically titrating that patient’s dosing regimen io accormmodate a tly adaptive “Leam and
Confinn™ medel of drug development.
{86275} Longitudinal sampling of proteins is performed with each patient, wherein the proteins
represent both the pathophysiology of the disease and the method of action of the compound. A
standard cluster analysis is applied at each sanple time point in the longitadinal sanpling space that
is consistent with the evolutionary dynamics of the pathophysiology of the disense, and the
Purposted method of action and PD of the lest compeund.
{60276} Identification of the dynamics of the emergence of separate subpopulations within the trial

sample popudation can be performed with two complementary clustering statistics: Cubie Clustering
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Criterion (CCC) and the Pseudo-F which belp fhe end-user establish the number of clusters
emerging within the geometry s demonstrated in Fig. 21.

{00277 The end-user uses both the statistics highlighted above and a viyual inspection of the cluster
scatter plots to make the final determination as 10 how many distinct subpopulations exist in the
clinical study, Guiding this determination will be a fore-knowledge of the number of treatment
(eohort) arms, and any fore-knowledge as to the character of a possible ADR. The methodology
will suggest a number of clusters to the end user, and will then present each patient as to histher
cluster assignment. The cluster assignment and the known assignment of a patient to a treatment
cohort or ADR outcome are then used standard assignroent statistics to calculate both the sensitivity
and specificily of the assigoment rule.

{60278} After determining that the clusters are reasonably specific, the dynamic trajectories of the
centroids of cach 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 fairly
homegeneons in that they were all exposed to the conpound at a given dose, and if the distibution
of distances, speeds, and directions, suggest that some may be slow responders, then the end user
may decide that those patients shoutd receive a higher dose.

{08279 Based on the assumptions developed herein, in sifico populations of virtual patients are
created for each hypothetical patienl subclass. A time dependent Monte Carlo simrulation is run to
identify the emergent clusters. ARer the simulation is ran, 2 new set of mean vectors and covariance
structures is established and the simulation studies are repeated, The sensitivity and specificity of the
clustering assignment tule for each dynamic is measured and graphically plot as a receiver operator
curve, wherein the diagnostic variable will be the time at which the clusters were suggested.

169286] Resulis of the emergent dynamics by Monte Carlo simulation of the described methods
described in this example and results in the following emergent dynawics as shown in Fig. 21. Fig.
21 demonstrates a dynamic subpopulation cmergence based on cluster analysis of a Monte Catlo
sinulation of # two-cohort clinical design. At Time = 4 there is significant evidence for the
emergence of two clusters while by Time = 8 the bifurcation is complete and the sensitivity and
specificity of the method are both 100%. Fig. 22 demonstrates plots of the cluster calling statistics
versus the hypothetical number of clusters at Time = 4. Fig. 23 illustrates markers of clinical effect

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

EXAMPLE 6
{00281} Identification of type § bfomarkers jndicative of periodic dosing regimes
{09282} Periodic dosing, as a therapeutic strategy, is a mainstay for the treatment of many chronic
diseases or conditions. Foremost among these are anti-cancer chemotherapy regimens and

treatiments for autoimmune diseases. Whether therapeutically or in the context of an adaptive
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¢linical trisl, the abifity to both monitor and characterize efficacy and toxicity profifes for a
particular dosing regimen in any given patient provides the clinical professional important
information regarding the ultimate efficacy of his/her dosing strategy. The benefit of such a
feedback mechanism is that the feedback is timely and represents the mechanism of action and
clinieal impact of the compound. For example, in cancer chemotherapy, the feedback is provided by
imaging technologies that help quantify tumor busden, which in many cases is not timely.

[66283] This example characterizes the periodicity of the molecular efficacy measures to identify
trends and other measures of clinical relevance (for example, increasing refractory responsc} to
further aid in clinical decision making. As demonstrated herein a real-time feedback monitoting
system can aceount for the perjodicity of the dosing reginen and characterizes any clinically trends
in the data,

{06284} The systcrn can be a statistically valid and robust methodology which dynamicaily
characterizes the time-dependent profiles of molecular markers of drug activity 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 popwlation act in accordance with the underlying hypothesis
regarding 2 compound’s mechattism of action, they should, as a conglomerats pattern, reflect the
periodicity of the treatment regirnen, and taken as 2 whole, act s a Type I biomarker for compound
activity at the site of action. Additionally, i there is evidence that the periodic expression of these
profile proteins chauvges with time, the trend of that change allows a clinician to adjust the dosing
regimen for example in frequency and/or dosage to individualize the therapy.

[{00286] Applying a time series-based statistical methodology to the longitudinal (within an
individual patient) protein profiles systernatically accounts for the periodicity of a given dosing
regimen within an individual patient and using that information to identify and characierize the
emergence of any clinically relevaat trends in the response. This knewledge can then be used to
both monitor a therapeutic regimen in an. individual patient and to design and manage the dynsmics
of an adaptive clinical trjal.

1062871 By developing a valid longitudingl Type 1 biomarker for 2 compound’s activity in the
conlext of a periodic dosing regimen will: (a) validate the underlying hypothesis regarding the
raethod of action for the test compound; {b) identify potentiaity relevant clinical conditions
comprising: growing refisctoriness to the compound, target response to the regimen, and then adjust,
as appropriate, the froquency or dosages of the treatient itsclf; and (e} develop an adaptive dosing
protocol baseid on the individual PDs of the rasponder population.

J00288] Using real-time monitoring and feedback to identify the emergence of these charactcristic
dypamios aids the clinician 1o make more precise decisions regarding patient treatment and/ar trial

management.,
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[00288] A statistical Time Series analysis is used to characlerize the periodicity or seasonality of
marker proteins in a patient subjected to periodic treaiments similar to those emaployed in cancer
chemotherapy, weekly methotrextate injections. The systemn 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 differencing
scheme as applied to Autoregressive Integrated moving Average (ARIMA) Models, to characterize
the actual response profile of the patient to the therapy streans. 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 temporal relationships between them (for example without limitation, the
levels of drug in the bload and/or clinical readout) can be identified and characterized using
Distributed Lags analysis in the same modeling context. Each enalysis depends on explicit
characterization of the time-time correlations observed in the time series, the Autocorrelation
Function (ACF) and its related Partial Autocorrelation Function (PACF)). Each of these fimctions
can be represented as a vector of correlations which are functionally dependent on the lag between
measures, The fanctions can be used to identify linear trends in the data, periodicity in the data, and
nonlinear curvature dynamics in the data. The functions themselves can be visualized for inspection
using histograms called correlograms. Once the data is de-trended and the periodicity accounted for,
the individual spikes in the marker profiles are anatyzed to see if the compound is working as
expectex].

{00196] The first step involved in developing this methodofogy is identifying those proteins that best
represent both the pathophysiclogy of the disease and the purporied method of action of the
compound. Once established, these proteins are sampled longitudinally in each patient.

{60291} Based upon the expected seasonality of the freatment regimen and the frequency of the
therapeutic dosages, an appropriate sampling frequency is established to ensure that the suspected
periodic expression of the matker proteins will be captured in the sample data sets.

[06292] The system sutomatically generates and inspents difference {ime series with 0, 1, or two lag
differences comprising ARIMA. (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) modsls and compares
them to the best fit through Root Mean Square Error, thus appropriately de-trending the data fo
make the series stationary. Once a stationary serics has been established, the de~trending parameters
comprising the slope of a linear trend line is estimated from the data, and an ACF and PACF for the
stationary series is genernied.

{60293} Any periodic expression patterns are identificd and characterized as the period of the peaks
and their subsequent amplitudes. An example of this is shown in Fig. 25 demonstrating a tine series
of a biomarker value versus the time of chemotherapy delivery.

08254} When roultiple time series are involved comprising two or more protein markers and/or
levels of compounds in the blood, a distributed lags analysis is performed to identify and
characterize the correlations between the series and their lags. The methodology identifies the
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dynamics of the emergence of protein mwarker wave trains and to relate these back 1o clinically
relevant events and/or the dosing schedule of the regimen.

[06295] A Monte Carlo simulation of the methods described above using four time series were
generated using a stationary time series, a time series with linearly increasing slope, a time series
with exponentially decreasing affect to mimic patient-drug attenuation, and a stationary time series
with linearly decreasing peaks, to model patient-drug adaptation or up-reguiation of metabolic
pathways.

EXAMPLE 7
{60296} Time to Fever Spike and sepyis from time sexies measurements of Levels of Circulating
Pyrogens and other biomarkers.
100297] A patient with Acule Myeloid Leukemia (AML) undergoing in-patient chemotherapy was
mondtored using the methods and systems described herein with sampling of blood every four to
eight hours. The patient’s temperature was also monitored frequently. 1L-6 elevation (> 1000-fold
between conseculive measurements) was foimd at time designated zero in Table 2 and a significant
decline >30 % between consecutive messurements 14 hours later. Fever was first noted cight bours

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

Table 2
Tirne, hours Event
0.0 Fivst elevation of H-6
84 First fever
14.3 Significant decline in protein-C

22.3 Septic shock
27.2 Patient admitted fo ICU

{66298] The systern identifies the relationship between the time to a fever spilce during apgressive
chemotherapy of leukemia resulting in fever and dramatically changed levels of circulating pyrogens
(Protein-C, IL-6, Il-1beta, TNE-alpha, IL-10). This is performed by employing standard statistical
modeling methodologies. The system can be generalized to other situations whers sepsis occurs. It
can also be employed for other situations where significant disease processes and oulcome of
therapy can be beneficially projected.

{08299] Science and engineering often invokve using easy-to-measure variables, called factors or
independent variable faclors to explain or predict the behavior of other variables, called responses.
When the factors are few in number, nol significantly redundant (non-collinear), end have a well-

defined, functional relationship to the responses, one can use multiple linear regression to



15

26

25

30

35

characterize that relationship. However, if any of these three pre-conditions should fail, mwultiple
linear regression may prove to be inefficient or statistically inappropriate. In {hat case, one may
employ an alternative model building strategy termed Partial Least Squares Regression. This
methodology is particularly useful when there are many factors that might be highly co-linear, aud
when the relationship between independent variable factors and dependent variable response is ill-
defined. The aim of this type of analysis is to construct 2 good predictive model.

[80360] Anticipating the time to a Fever 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 labeled Lead
‘Time). The rate of change and shape of the paramefers over time is determined by the incidence,
time of infection, extent of infection, numbers of organisms, virulence of the organisms, and the
condition and genetic make-up of the patien!, The activation threshold is the point at which the
body physiology begins to generate a fever spike. The detection threshold is a paramneter level at
which some therapeutic intervention is indicated. The system determines the relationship between
the pyrogen levels and the dependent variable in the model, Lead Time, enabling prediction of fever
spike early enough to intervene with beneficial outcome.

[00301] This method and data provides enables anticipation of the time patients are most likely to
experience a fever spike. The physician can then preempt and/or ameliorate the onset of the fever
event, for example by providing prophylactic antibiotic therapy.

1803062} The treatment of patients with Acule Myelogenous Leukemia (AML) is used as an
eremplary case. Such patients are often treated with a course of induction chemotherapy (in-patient
chemotherapy typically using more than ene dug and intended to eliminate all cancer cells), An
undesired side-effect of the induction chemotherapy is usually febrile nevtropenia. This ocours
because infectious microorganisms can invade the patient due to the inactivation of active immunity
by the chemotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined
state in which the patient’s tempoerature measurcs greater than 39 deprees Celsius or in a six hour
period two conseculive patient temperstures measured greater than 38.5 degrees Celsius.

[60303] Fever, as a dofense mechanism, results from the effects exerted on the hypethalamus by
circulating cytokines, called pyrogens. These cytokines emerge from the immune system during an
inflamnmatory response. The best known of these are [L-6, TE-1 beta, asd TNF-alpha. The purpose
of this example is to identify a pattern of circulating pyrogens leading up fo a fever spike, and, from
them, build a model that best anticipates the time-to-spike.

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

[06305] The system builds a statistical model characterizing the relationship between the time-to-
spike and the citculating levels for two particular pyrogens, 11.-6 and I.-1 beta. The system, while
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independent of measurement means, requires frequent sampling in the period prior to the fever spike
(anywhere from 3 to 6 measures per day).

[08306]} The first step involved in developing the methodology requires one characterization of fever
in well defined categories and to identify, as closely as possible, the time of the first fever event.
‘The definition chosen was that either the patient’s temperature measures greater than 39 degrees
Celsius or in a six hour petiod or two consecutive temperatures are recorded greater than 38.5
degrees Celsius,

[09387] Individual patient data for the circulating levels of IL-6, IL-1 beta, and TNF-alpha and other
biomarkers were recorded in a database, based on the sampling interval. The samples in the study (3
measures per day at 8-hour increments) were subjected to post hoc analysis, and used to populate the
model.

[60308] These markers were selected based upon a number of cwrrent studies which show that
patients with Sepsis Syndrome bave elevated levels of circulating IL-1 beta, IL-6, and TNF-alpha
when compared with critically ill paticnts without sepsis and normal controls (Casey, L. Annals of
Internal Medicing (1993) 119;8:771-778).

[60308]1L-6 predominately regulates the synthesis of CRP made by the hepatocytes (liver) in the
acute phase response. Tramscription of CRP is also regulated somewhat by TNF and IL-1, CRPisa
pentraxin protein which binds to phosphocholing on bacterial cell walls, eudogenous cell
membranes, and apoplotic bodies. Inflammation caused by infection/ sepsis, inflarnmatory and
awtoimmune disorders, traumatic injury, and some malignancies, CRP is seen in increased amounts
maldng it a useful biomarker in moniloring sepsis and infection, CRP production is not affected by
nentropenia. There is an abundance of fiterature which focuses on CRP levels during neutropenic
fover and in diagnosing the severity of febrile incidences.

{00310} Protein C ig anti-coagulant protein that is synthesized in the liver. It plays an important role
in maintaining coagulation homeostasis. Protein C is activated by thrombis into an active protein
which along with protein § and phospholipid as cofactors, it cleaves coaguiation factors VIl and V
thus inhibiting coagulation. Recenily, Protein C's sati-infiammatory responses have been
discovered.

{00311} Patients with sepsis and septic shock have Protein C depletion which may have a role in the
pathophysiology of sepsis. Improvement was seen in a specific subgroup of patients by
counteracting Protein C depletion by the addition of activated Profein C. Protein C can be used as a
biomarker in the diagnosis of sepsis in patients and as a therapeutic agent. Oue study found that
concentrations of Protein C are proportionate with severity of neutropenic sepsis at fever onsct.
{00312] Ten sdult leukernia patients receiving chemotherapy were envolfled. Blood samples were

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

{00313} A Partial Least Squares model was constructed based on the pre-spike (36 hour window)
measures for IL-6, IL1-beta, and TNF-alpha and their sample-to-sample fold changes. Given the
data set derived from this study, a minimal sampling period of 8 hours and a minimal window of 36
hours pre-spike is sufficient to derive an antieipative model of the time to spike.

[60314] Quantitative Biomarker concentration data wag derived using well known BLISA
impunoassay known to measure JL-6, IL1-beta, and TNF-alpha. Concentrations measured in
pg/ml, and sample-to-sample fold changes in concentration were recorded and analyzed as follows.
[60315] The concentration data were {irst visually inspected for Ganssian normality. Because they
were log normally distributed the data was transformed by calculating the log of the raw data
miecasures. Based on these measures, an initial Partial Least Squares regression model was built that
inchuded alf three pyrogens and their fold changes from sample to sample. This model characterized
the amount of variation accounted for in the covariance structures of the dependent vectors (times-
to-spike) and the independent vectors (pyrogen levels), In this data set there were more independent
variables than degrees of freedom. To address the problem, standard statistical model building tools
like top-down climination and bottom-up addition werc eomployed.

[06336] The full medet (JL~6, TNF-alpha, and IL-1betr, aed thelr sarple to sample changes)
accounted for the pereentage of the variation in the whole model covariance structure and the
percentage of the variance in the dependent variable (lime-to~sgpike). Using feature selection
pracesses comprising and not limited fo bottom up model building and top down model building, a
series of seven sub-models were developed.

{06317] The chosen model included log(JL-6), log(11-1 beta), log(sample-to-saraple fold change IL-
6), log(TMF-alpha), and accounted for 93% of the total model covariance and 27.5% of the variance
in the dependent variable (time-to-spike).

{80318} The model is given by a standard multiple finear regression equation with (he following
parameter set; intercept = 36.5; log(IL-6) = -8.0; log(IL-6 fold change) = 2.4; log(IL.-1 beta) =-0.3;
and log(TNF-alpha) = 4.4. Bach measure is 2 point-in-lime measure at the observed time-to-spike.
For exanpie, 24 hours prior to the fever spike, the log of the concentrations of 1.-6, IL-1 beta, and
their sample-to-sample fold changes from the 30 hour time point are added to the model using fitted
parametess, meaning the coefficients ol the linear model,

{00319] The final mode] was selected from the seven total sub-models becanse it accounted for the
highest level of the percentage of variance in the dependent veetor, The final model included Jog(IL-
6}, log(JL.-1 beta), and the logs of their sample-to-sample fold chianges as anticipators of timeto-
spike. The size of the anticipative window of 36 hours was selected by clinical relevance but is not

limited to that anticipative window. The selected model equation is as follows:
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Time-to-spike=36.6-8*10g(L6)+2.4 Log(IL~6 fold change)-0.3*Log(L.-1
beta +4.AYLog(ENE alpha)
{00326] The results of the 10 putients were evaluated in this example for their biomarker patterns in
the 36 hours prior to fever spikes. The data for each of the pyrogens aod their sample-to-sample fold
changes are in Figs. 27-32. Fig. 27 is the IL-1 beta concentration versus titne point number. Fig. 28
is the sample-to-sample fold change for IL1-beta versus time point numbes. Fig. 29 is the IL-6
concentration versus time poiot number, wherein patient 4 became septic. Fig. 30 is the sample-to~
sample fold change for IL-6 versus time point number, wherein patient 4 became septic. Fig, 31 is
the TNF-ajpha concentration versus time point number. Fig. 32 is the sample-to-sample fold change
for TNF-alpha versus time point number.
[66321] The model anticipated the time-to-spike in all patienis and explained the percentage of the
variance observed in the dependent variable. Patient § had ATRA. syndrome and thus is outside the
patient population used to construct the model.
[60322] The residual plot for patient 5 is given in Fig. 33. Patient 5 has a fever spike and no
decreasing markers. Temperature in degrees C (right scale) biomarker concentrations given in
pg/mi, wherein I-6 is 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 distributed about the zero-axis and the size of the
residual is 1o more than the percentage of the anticipated time-to-spike, which is anticipated by the
model using the equation 1.
[60323] Por patient 4, the model anticipates a time-to-spike of 3.3 howrs when the actual time-to-
spike was 7 howss, and, at the olher extreme, anticipates a tine-to-spike of 31.9 hours when the
actnal time-to-spike was actually 34 bours as demonstrated in Pig. 34. Patient 4 data points showing
decreasing Protein-C with increasing IL.-6 just prior to fever spike. Normalized parameter is the
ratio of the (parameter value at time t minus the lowest value in the range) to the difference between
the maximum and minimum value of the parameter. A residual analysis for Patient 4 yields sn
excellent fit o the data measured in palient 4, meaning the residusls are randomly distributed about
the zero axis, and no residual is greater than 20% of the anticipated time-to-spike, as derived from
equation 1.
{60324] In conclusion of this example, induction cancer chemotherapy is only one of the underlying
etiologies of sepsis. Others inctude, but are not limited to, severe burn and themmal injury or
{eavmatic fnjury. In burn and traumatie injury, the patient expresses an alteration in the immmune
system resulting in a predoxeinance of the T Helper-2 Lymphocyte phenotype, where the phenotype
of the helper cell population switches from Thi to Th2, This is termed the Thi-to-Th2 switch and
makes the patienl more susceptible to the onset of infection, Fig. 35 is a schematic of the Thi-to-
Th2 swilch and the cytokines representing each phenotype. Once the patient becomes infected, if
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the undertying pathogen is identified, the rate and spread of infection can result in a systemic
inflammatory response which is called sepsis. If the pathogen is unidentified, the inflammatory
response is termed Systemic Inflarematory Response Syndrome (SIRS). Thus, the underlying
etiology of progression to sepsis can be captured as a process divided into three physiologically
distinet intervals: Susceptibility to Infection, which is represented by the Th1-Th2 switch,
progression through infection, and the onset and progression of sepsis/SIRS, The markers relevant to

the monitoring of each stage are shown in Table 3.

Table3
Sepsis Onset and . Sepsis Onset
Sequelan a. Protein C”
b. H-1beta”
¢ 16"

d. Procalcitonin
e. IL-10
. DIC
a. Yon Wiligbrand Factor
. Procalcitonin
¢. Weoplerin
d. TNF-u
e, Protein C
f. PAF1
g. {Pro)Thrombin
. ARF {Acute Renal Failure)
a. Creatinine
b. Cystin C
V. ARDS
a. Von Wiltefirand Factor
b. IL-8

c. -8
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d. i1
e. ll-1ra {IL-1 receptor agonist)
f. TNF
V. ALF {Acute Liver Failure)
a. ALT
b. AST
c. GGT
d. LDH
e. Alkaline phosphatase
f. ProtsinC

g. Cylokeratin-18 fragments

{BU325] Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distance equation and Bayesian Probability. The Squared
Mahslanobis Distance is:

D) = (g - %) E-1() where j=1,2, 3
and the Bayosian probability is:

Pr(jix) = exp(-0.5D (x))/Zexp(0.5D (x))
wherein p is the mean veclor representing the centroid of the patient population and j is the three
different outcomnes (sepsis, fever, infection),
[06328] Fig. 38 illustrates a graph in time of a plurality of marker proteins for a patient in a sepsis
trial. The time of (he onset to sepsis for this patient js marked and all pafterns leading up to that
point are relevant to the determination that this patient became septic,
{06327{Fig. 39 illustrates a bivariafe time cowrse of two particular markers (protein C and C-
reactive protein) in the same patient. The change in direction in the center of the graph represents a
rapid onset of disease. Tn this example, a patient rapidly deteriorated and was illustrated as septic in
a very particnlar region of the bivariate space, In this example, the sampling intervals are fairly
regular; therefore the length of each line segment represents the rate of change of the biomarkers in

this particnfar space.

52~



10

15

20

25

30

CLAIMS

WHAT IS CLAIMED IS:

1. A method of predicting the occurrence of a medical condition that requires medical
intervention, the method comprising:

a. measuring concentrations of a first set of biomarkers present in a biological
sample obtained from a subject at a given frequency, wherein the first set of
biomarkers are suspected to be predictive of the medical condition;

b. based on the concentrations measured in (a), generating a subset of biomarkers
from the first set of biomarkers, wherein said subset of biomarkers comprises
either or both of i) a subset of biomarkers that are more correlative with the
occurrence of the medical condition, and ii) a subset of biomarkers that are
generated from a new frequency of measurement of the biomarkers; and

c. measuring concentrations of the subset of (b) and/or following the new
frequency of measurement of one or more biomarkers, thereby predicting the

occurrence of the medical condition.

2. Themethod of claim 1 further comprising analyzing data reflecting the

concenfrations with multivariate statistical software.

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

appropriate fold.
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