
METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES 

CROSS-REFERENCE 

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

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

BACKGROUND OF THE INVENTION 

[0002] Conventional methods for assessing a patient's clinical outcome are primarily based on 

clinicians' judgment and past experience. The conventional methods generally involve laboratory 

tests, patient surveys and office visits at isolated time points, all of which are not scalable for a time 

series analysis, especially for one that tracks or predicts the trend of a patient's clinical outcome in 

real time. Intrinsic to the conventional methodologies is the profound drawback that a relatively 

small set of information such as a single clinician's personal preference is taken into consideration 

in reaching a clinical decision. As such, under the existing medical system, patient care becomes 

increasingly difficult when multiple variables are involved. In particular, there lacks a system and 

method to effect a multi-dimensional analysis in which a large set of biomarkers are used to aid in 

the diagnosis, prognosis, and treatment of a clinical outcome or the design and execution of a 

clinical trial. 

[0003] Multivariate statistics are generally concerned with determining a statistical distribution of 

an outcome or a series of outcomes based on multiple variables. Inherently, most medical conditions 

and treatments are multivariate due to the complexities of the physiology. The discoveries of a vast 

number of disease biomarkers and the establishment of miniaturized analytic systems have made a 

new paradigm of patient care that makes multivariate analysis feasible. A desirable new paradigm 

would provide rapid access to information characterizing clinical outcome and then automatically 

linking that infonnation 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 for 

characterizing a clinical or medical condition of a subject, comprising: 

a. obtaining a first set of subject data from a sample obtained from said subject, said subject 

data comprising at least one biological marker from the subject; 
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b. determining the probability of a medical condition of the subject using the first set of 

subject data by constructing a probability space defined by a plurality of discrete clinical outcomes, 

wherein each discrete clinical outcome of said plurality is characterized by a statistical distribution of 

a set of markers, comprising at least one biological marker, and wherein said probability space is 

reflective of a medical condition, medical procedure, therapy, clinical trial, drug discovery, or drug 

development; 

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

d. obtaining the second set of subject data from a sample obtained from the subject, thereby 

characterizing the clinical or medical condition of the subject; and 

e. calculating a trajectory in said probability space based on said first set of subject data and 

said second set of subject data, said trajectory in said probability space being calculated based on 

positions of said subject data within each statistical distribution of said set of markers characterizing 

each of said discrete clinical outcomes, wherein said trajectory is indicative of the likelihood of 

progression of the medical condition of said subject. 

10004] 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. 

[00051 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. 

[00061 The medical information system typically comprises (a) an input device for receiving 

subject data and in communication with a processor; (b) storage unit in communication with the 

processor having a database for: (i) storing data corresponding to a probability space defined by a set 

of discrete clinical outcomes, each of which is characterized by statistical distribution of at least one 

biological marker; and (ii) storing subject data corresponding to the at least one biological marker; 

(c) a processor that calculates the position of said subject data in said probability space as a way of 

assessing the probability of a discrete clinical outcome of said subject; and (d) an output device that 

transmits information relating to the discrete clinical outcome of c) to an end user. 

[0007] Non-limiting clinical outcome that the system is adapted to predict can be selected from the 

group consisting of but not limited to: complete response (CR), partial response (PR), stable disease 

(SR), non-response(NR), adverse drug effect (ADR), and drug toxicity. In using the medical 

information system, the end user can be a medical personnel or the subject himself or herself In 

some instances, the end user is from a pharmaceutical company. 

100081 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. 

[00091 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 
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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, phamiacokinetics 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, ncluding 

without limitation a Health Maintenance Organization (HMO). 

100161 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 biological marker; and 

(c) calculating the position of said subject data in said probability space, thereby characterizing the 

probability of the clinical outcome of said subject. 

[0017] Also 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 c are repeated at various time points to yield a trajectory 

within a probability space, wherein said trajectory is indicative of the likelihood of progression to 

the clinical outcome. The subject methods can comprise the step of notifying a medical personnel or 

the subject of a need for taking a medical action upon assessing or characterizing the position of said 

subject data in said probability space. In some instances, the medical action involves at least one 

action selected from the group consisting of altering a dosage of an existing therapeutic agent 

administered to said subject, administering a different a therapeutic agent, and administering a 

different combination of therapeutic agents. Notification of a medical action can be electronically 
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transmitted, e.g., wirelessly transmitted. The subject methods can further comprise step of, upon 

selection of the at least one action, performing an outcome analysis for assessing a result of said 

selected action, and automatically updating the probability of a discrete clinical outcome of said 

subject. 

[0018] There is also disclosed a computer readable medium comprising computer readable 

instructions, which when executed cause a processor to: a) provide a probability space defined by a 

set of discrete clinical outcomes, each of which is characterized by a statistical distribution of at 

least one biological marker; b) obtain subject data corresponding to the at least one biological 

marker; and c) calculate the position of said subject data in said probability space to assess the 

probability of a clinical outcome of said subject. In general, the instructions operate in a software 

runtime environment. In one aspect, the instructions when executed further causes a processor 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'  s 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 (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. 

[0020] In some instances, a method further comprises analyzing data reflecting the concentrations 

and/or the physiological indicators with multivariate statistical software. In some instances, the 

biological markers are present in a biological sample of said subject. The biological sample can be 

diluted by an appropriate fold to ensure, e.g. the appropriate range of concentration level is detected. 

[0021] 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, 

4 



an at least about 10-fold increase in IL-6 concentration in said subject is indicative of the occurrence 

of sepsis in said subject. In a further instance, an at least about 100-fold increase in IL-6 

concentration in said subject is indicative of the occurrence of sepsis in said subject. This method 

may further comprise the step of increasing frequency of measuring IL-6 concentration upon an 

increase beyond normal body temperature and/or a decrease in protein C concentration. For 

example, the frequency of IL-6 measurement can be increased to once a day, once every 12, 8, 6, or 

4 hours. A determination of the occurrence of sepsis may be promptly followed by an appropriate 

medical intervention. 

[0022] Also described herein is a method for characterizing a medical condition of a subject, 

comprising: obtaining a first set of subject data comprising at least one biological marker and at least 

one physiological parameter from the subject; determining the probability of a medical condition of 

the subject using the first set of subject data obtained; selecting a second set of subject data from the 

probability of the medical condition; and obtaining the second set of subject data from the subject, 

thereby characterizing the medical condition of the subject. 

[0023] 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. 

[0024] There is also disclosed a method for monitoring subject response to therapy comprises: 

obtaining longitudinal subject data corresponding to at least one biomarker in a set of biomarkers for 

a clinically relevant condition to obtain a trend of the subject data, wherein the subject data is 

obtained from a subject receiving a therapy; monitoring periodicity of the trend; and corresponding 

the periodicity to a response to the therapy received by the subject. In some instances, the therapy is 

a periodic dosing regimen. In some instances, the response to the therapy is characterized by a time-

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

[0026] All publications and patent applications mentioned in this specification are herein 

incorporated by reference to the same extent as if each individual publication or patent application 

was specifically and individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Many features of the invention are set forth with particularity in the appended claims. A 

better understanding of the features and advantages of the invention will be obtained by reference to 

the following detailed description that sets forth illustrative embodiments, in which many principles 

of the invention are utilized, and the accompanying drawings of which: 

[0028] Fig. 1 illustrates a general representation of the Mahalanobis distance method and the 

representative ellipses. The figure also includes the Mahalanobis distance mathematical equation. 
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IOW Fig. 2 illustrates an example of the mutts of a cluster analysis of a clinical outcome. 

MOM Pig. 3 is a flow chart illustrating an =aviary method of amassing a clinical outcome of a 

subject and assigning probabilities thereto. 

1041311 Fig. 4 illwantes an maniple probability apace geometrical itorwentat 

3 	100321 FIg. 5 illustrates a trajectory of data of a subject in a probability space. 

101331 Fig. 6 is a flow chart illustrating an exemplary method of *lading a user to assess a clinical 

outcome of a subject. 

100341 Fig. 7 demonstrates a method of establishing rules for a probability apace of clinical 

outcomes. 

10 	100351 Fig. 8 illustratesa graphical prescreation of Mai for a probability space. 

10036) Fig. 9 is a flow chart illustrating an exemplary method of implementing a mathematical 

model to assess a clinical 'Niacin°. 

100371 Fig. 10 is a Row cheat ifana ming an exemplary system comprising a server for 

communicating and processing medical data. 

15 	100381 Fig. II illustrates an exemplary mnbudiment of a systeni of the invention with real-time 

acquisition of subject data and the transmittal of the 'aromaticin in real-time to et Ronan or system 

that is capable of convening the information or data to a physiologically relevant context. 

100191 Fig. 12 denionst rates an exemplary system of the invention, wherein a health care operating 

system comprises data infrastructure, models and algesithnts, and software applications. 

20 	100491 Fig. 13 demonstrate' an exemplary database wrinprkring an ontology of bionarkers that are 

mimed some types of medical conditions. 

10041 fig. 14 illustrates the an exemplary hierarchy of a healthcare operating system of the 

invention wherein the mural operating system has access Ins data infrastructure and monitoring 

de% ices for obtaining subject data. 

25 	100421 Fig. 15 demonstrates an exemplary system of the invention wherein an analysis database can 

tcceive information from a database containing data front a reader or cartridge database, historical 

databases, a patient database that an cantata data eutesed by a patient, and a cusunnet datalatee. 

100431 Fig. 16 Magnates exernplmy brace:twice of two subjects in a probability space represaging 

prostate cancer discrete clinical outcomes. 

30 	100441 Fig. 17 illustrates exemplary trajectories of Iwo subjects in a probability space representing 

clinical outcome of a subject developing sepsis. 

100451 Fig. IS illustrates exemplary trajectories of Iwo subjects in a probability space representing 

the medical condition of diabetic subject using an insulin semilizer. 

100461 Fig. 19 illustrates a method of graphically pyramiding a trajectory of subject data in a 

35 	probability space in two dinieliSiOils. 



100471 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 clinical 

outcomes. 

100481 Fig. 21 demonstrates a dynamic subpoptilat ion emergence based on cluster analysis of a 

	

5 	Monte Carlo simulation of a two-cohort clinical design. 

100491 Fig. 22 demonstrate plots of the cluster calling statistics varsus the hypothetical number of 

clusters. 

100501 Fig. 23 illustrates markers of clinical effect with the segregation of the maker spate as a 

function of dose at the end point of a clinical study. 

	

to 	100511 Mg. 24 darionsintes patient data showing the seasonality of two type l biomarkers over 

time. 

10052] Fig. 25 demonstrates a time sales of a blomarker value arms the time of chemotherapy 

delivery. 

100531 Pig. 26 demonstrates the relationship between paromelet s computed from circulating 

	

IS 	pymgcn levels measured ova time and/or and the time-to-spike. 

100541 Fig. 77 is the 11,-1 beta concentration versus time point number. 

100551 Fig. 28 is the sample-to-sample fold change for ILI beta versus time point number. 

100561 Fig. 29 is the IL-6 concentration versus time point IIIIIIIbM, wherein patient 4 became septic. 

100571 Fig. 30 is the sample4o.ssumle fold dune for RAS versus time point numba, whack 

	

20 	patient 4 became septic. 

100581 Fig. 31 is the 'INF-alpha concentration versus time point number. 

100591 Fig. 32 is dm staple-lo-sample fold change for Tblr-alpha versus time point number. 

100601 rig. 33 illustrates the residual plot for Paired 5 who has a fever spike and no decreasing 

markers. 

	

25 	1006 I l Fig. 34 demonstrates Patient 4 data points showing decreasing hutein-C with increasing IL- 

6 .:u.st prior to fever spike. 

108621 Fig. 35 is a schematic of the '1111 4o-Tla switch and the eytokias representing each 

phenotype. 

100631 Fig. 36 and Fig. 37 demonstrate that the system uses all equation that is anticipative of 

	

30 	sepsis using the Squared Maholanobis distance  equation and He yesian Probability. 

100643 Fig. 38 illustrates a graph in time of a plurality of marker proteins fora patient In a sepsis 

trial. 

1410651 rig. 39 illustrates a bivarinte lime course of two particular marten (protein C and C- 

MS/Clive protein) in the same patient. 



DETAILED nescRirrION OF TIIE INVENTION 

100661 In one embodiment, a method is provided herein for characterising the probability of a 

clinical outcome of a subject. The method comprises the steps of (a) constructing a probability space 

defined by a act of discrete clinical outcomes, each of which is characterized by a statistical 

S 	distribution of at least out biological marker; (b) obtaining subject data corresponding to the at least 

one biological marker, and (c) calculating the partition of said sullied data in said mulability spin, 

thereby characterizing the probability of the clinical outcome of said subject. 

100671 In practicing the methods herein, one generally utilizes a set of biological oat kers (also 

referred to herein as bionarkers) relevant to a given clinical outcome. In order to improve the 

10 	reliability and accuracy of n mathematical calculation, biome' kers are selected based upon 

milltivarime statistics from data pertaining to a clinical outcome, whether it being, for example, • 

disease or a medical procedure In some embodiments, discriminant analysis is performed to 

determine the most relevant biontarkas pertaining to a petit:War medical clinical outcome. 

160681 In an aspect, a method is 'emended herein of reelecting the occurrence of a medical 

15 	condition that requites medical intervention, the method comprising: (a) measuring concentrations 

of a firm set of biomarken present in a subject end measuring one or mom plwsiologiad indicators 

of said subject at a given frequency, wherein the first set of blomarkas arc suspected to be 

predictive of the medical coalition; (b) based on the cone oration measure in (a), sainting from 

the rust set a subset of biontarkers that are more correlative with the occurrence of the medical 

20 	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 bionateis, thereby predicting the OCCU11011C0 of the medical condition. 

100691 Pluralities of discrete clinical outcomes, sometimes referred to as medical outcomes, for a 

specific medical condition are plotted in a geometrical 11101111a. A set of values of the biornarkas are 

25 	chosen that are the most representative of each dialed outcome. Using the mathematical methods 

described herein, probabillliea of class assignment to each discrete clinical anomie can be assigned 

to any set of values of observed biomarken. A probability space Carl then be constructed by plotting 

die probability of any set of values of observed biological markers within the geometric space 

defined by the plurality of discrete clinical outcomes. 

30 	100701 Model build big 

10071) In some Stamm, nothematicut modeling describes the dynamic state of a system. ha 5010C 

instances, the models use a system of equations representing outcome parameters, bionarka and 

Mug concentrations and the like over time. Such equations might be simple enough to solve In 

closed Porn, yielding an algorithmic formula. However, in some insbnecs, models of human 

35 	dinenee can 1)0100 complex to permit a simple closed form solution. In some instances, a solution as 



ritualised herein can be projecting numerical solutions forward in time, also known as termed 

predictive biosimulation. 

10072) The objective of cluster analysis it to group olmervationa two dunces such that each cluster 

is as homogeneous as possible with respect to the chinning variables. Any conventional cluster ing 

5 	algorithm moy be used to define the discnee set of clinical outcomes based upon the recognized 

biomarktrs. Besides the Discriminant Function Analysts. there are many such algorithm such as 

"Single Linkage,""Complek Linkage," "K inearta,""Wenfs Metlaml," in the "Caution' Method." 

Additionally, one can idadify clusters using "Decision Trees". These algorithms are well-known to 

anyone familiar with the an, and are available in standard statistical packages such as SAS and 

10 	SFSS.'the clustering algorithms group like objects together, and keep unlike objects in sersume 

groups. 

100731 Multivariate statistics to identify classes of similar subjects in a sample population cats also 

be applied for building on appropriate model. The techniques currently employed include, but are 

not limited to, Discriminant Function Analysis (DFA), Ilierarchical Clustering Analysis, Factor 

15 	Analysis (in which an imierlying model or relationship is assumed), Self-Organizing Maps (SOMs), 

Support Vern Machine (SVMs). and Neural Nets. Each is a pattern recognition technology using 

multivariate dmeripior %turns, which subjects are classmates, to more completely manage an 

adaptive clinical trial. 

100741 Other techniques intimating the model pommel.," space include several conventional 

20 	methods, such as the graphical method and gradient based nonlinear optimization (Mendes and Kell, 

1998). The graphical method is typically applied to those problems that can be converted to linear 

regression problems, and are generally not amenable to closed-loop learning as they require human 

interveutivo at owls step. The gradient-based nonlinear optimization method does not have such a 

restriction; however it does require information about the atm function with respect to the 

25 	parameter estimator. As such it oflai =wages to local minima. Evolutionary algoritluns including 

genetic algorithms, evolutionary programming, genetic programming, and their vat num (Buck et el., 

1997; McKay et al., 1997; Edwards et al., 1998) have been applied to overcome these limitations. 

100751 In sonic instances, to best account for the dynamics of a biological system, the equation 

systems discussed above con Ito composed of ordinary differential equations which calculate the rate 

30 	of change of a biological entity ova a listed tune segment. That quoit ificaliou is a furietion of Ilse 

stale of the system at the instant of analysis, mid includes (ems for all other entities in the system 

that might affect that rate of change. 

100761 In many instances, as dactibed herein, biological entities of interest ate found in blood 

comprising but not limited to circulating proteins. In the modeling space, the lime rate of change of 

35 	each biological saltily is called the derivative and is quantified as the instantaneous slope of the 

hiologkal entity's concentration curve in the time domain. 
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[00771 'the value of any selected target biological entity at each polecat sampling time point can 

be calculated as well as the into of change for every entity in the sampling space. This can result in a 

point estimate per biological entity for the derivative in twits comprising but not limited ton change 

in &incantation per unit time. 

MUM In seine inatances, a method can utilize two point slopes along with a K-point model fatting 

regression equations thmugh the last K observations, to astimate One fins, second, and highrs antes 

derivatives, fur example: 

dP(t)/dt AP(t). (other Proteins, cells types, etch model parameters) 

where PO) is the concentration of a given protein as a finottlion of time. And where f la function of 

10 	P(t) and entities affecting specific protein concentration curves, comprising second signals, cell 

numbers, and the like. And where model paramecia are coefficients in those equations that quantify 

Wore relationships, for example comprising production rates and clearance rates. The system can be 

linear or non-linear. 

(0079) An she tune embodiment of the mediation is a system of citifies where P(t) is a protein 

IS 	vector 11(t) (NO, Pa(t),...P1(1)) where N is the number of proteins chosen to sample, and f(P, etc.) 

becomes a matrix MORO, ®(Imp)). The system penman become • vector as Fano). 

100801 For example, clearance rates of each P1(t) in the vector 11(1) are captured in this vector fonn. 

pm)) characterizes the functiosud coefficient; of We matrix M. The system is linear when p does 

not depend on 11(1) or on time Tice system is linear and panunettically time-dependent when p 

20 	depends on t, and varies linearly with time. 

10081) In another example, the system is nonlinear when the clearance rate changes with time and 

can 

1(10821 represent the up-regulation or down-regulation in time. The system is represented but is not 

limited by the vector equation: 

25 	 M110)/di a  mogo; p(lo).  11(t) 

100831 In yet another example, the dynamic state of biological systems has a level of specificity 

which is captured in an exemplary bitnimulation system. Every entity in the system will typically 

act on a small subset of other entities. For example, protein 2 modifies the rate of produaion of 

protein I by binding to a cell surface receptor on an activated effector cell. The concentration of 

30 	protein 2 modifies the rate of production of protein I. Whoa a third protein acts on the production of 

protein 2 the one of production of protein I depends indirectly on the level of production of protein 

2. 



100841 The equations that best represent the above example in this biosimulation system are: 

dP1/dt = pt, Pdt) 

5 	 diVdt - 4n P2(t) +Dn Pdt) 

0 

(00851 In these exemplary email ions, the concentration of Protein 3 is constant and the rate of 

le 	Protein I production is an Sawing function of the Protein 2 levels, factored by 012 ,0. In addition, 

the levels of Protein 2 arc a function ram Protein 2 is cleared Own the system, in this case, 

propentionally bye fader pa  >0, and the effects of Pr(1) on its production, described by a factor pm  

>0 and is parameterized by the vector (11,2  ,I332 .16). Any triplet vector can be need in die general 

case to generate any family of trajectories in time for Proteins I and 2. Proton 3 is non-varying in 

15 	this model since Its derivative remains zero. 

100861 By measuring Proteins I and 3 al each time point in a monitoring period, values for 1),(0. 

and Pdt), and estimates for dP,/di and dP jdt are obtained. P2(1) can then be solved and constrain the 

solution set to a perameler vector (pim, 	.p'n), which is defined by well defined algebraic 

equations. listimates of both PI(t) and dP2/61 derive the state of the constrained system basal on 

20 	point estimates as derived Rom the samples:Ibis allows for projecting forwanl in time wham 

model trajectory will likely be at the next sample point, and re-adjustment of the model pammeta s 

as IICCC3387 in a dynamic feedback self-correcting system. 

100811 	self-correcting mechanism and feedback system can be Implemented in a periodically 

sampled measurement apiece, and that model refinement and re-pnrameterization can take pleas at 

25 	each sample interval. After each application of this self-canceling methodology, the space of 

acceptable continent vectors should begin to momenta to a patient specific vector that projects 

fonvard in a predictive trajectory. 

1001011 A system that dynamically characterizes patient sulampulations based on the longitudinal 

sampling of prmlictive protein profiles am use that information as a Type 1 biomarIcer to verify to 

30 	the researcher scientist that the cotzpound is acting on the target as expected. Themechanism of 

action for that conmound cat also be researched for whether It is acting as expected. 

Chataization of the dynamic emergence of lit subpopulations in based upon their behaviors and 

the protein profiles they exhibit. 

1001191 In an example, one population is treated with the lest compound while another is no 

35 	untreated control. If the protein profiles of the treated population behave in accordance with the 

underlying hypothesis as it pertains to the compound's mechanism of anion, the protein profiles 
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will, as a conglomerate pattern, act as a Type biomruker. 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 ixmulation members COI occur and the trial protocol can be changed 

accordingly. 

	

5 	1009(1) A variety of statistical analyses are applicable for building a probability space or model. Fig. 

I illustrates sin exalt:platy chat ache iration of similarity as measured by the MAIMISVIONS distance in 

a two-dimensional (multivariate) space. The outcome or a discriminant function analysis is typically 

a hfaltalanobis distance for every subject in the analysis data set. The methods of performing the 

discriminant analysis in this manner or similar manners arc known to those skilled in the art. In this 

	

In 	example, the data from two Independent variables (for example, biome:kers) are plotted against each 

other. Each patient in the analysis set b represented by a Angle point on the graph. The dilemma 

between each patient's biomarker pair paean and the centroid of the cluster of data is calculated as 

the 14 shalanobis distance and is represented by the ellipses in the Flg. I, wherein the ceetroid can be 

typically defined as the mean sector of all independent measures in the space of Interest The 

	

15 	pu.babdity that any particular patient belongs to a cluster depicted herein is inversely proportional to 

the distance than the centroid of the clutter. in this way dm Ntalmlanobis distance ellipse on the plot 

in Fig I is used as a measure of similarity between the two sets of independent variables. This 

method also accounts for noise in the appropriate distance Mirk by assigning probabilities of class 

assigionent for a particular patient basal on the valiance observed in the underlying clustered data. 

	

20 	Thus this method can account for uncertainty in the probability space. 

1011911 la conventional clustenng, one typically works from a distance matrix, which lists the 

sanitarily of every object to be clustered versus every other object The process begins with the 

creation of the distance matrix as known to 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 

	

2$ 	filaCti011 of the measured !Matsukers. The function would take the form of a sum or weighted stun. 

The distances for a givart variable are, in turn, a sum of distances between individual observations 

lot that variable. Ilia sum also may be weighted. For example. each cluster of subjects potentially 

represents a discrete clinical outcome. 

100921 The distance matrix metric eon include calculating a statistical difference, such as the 

	

30 	Mahalanobls distance, Euclidean distance, and Manhattan distance. The matrix represents, in • 

statistically rigorous way, the sanitarily of two multivnriate patterns bi a multidimensional space. 

Based on these distances, individuals are grouped together in a cluster. 

100931 fig. 2 illustrates an exemplary clustering method of defining the discrete clinical outcomes. 

In this example, the aneroid method was used to determine multiple centroids of 'ion ork CT data 

	

35 	pal Ones. Fitch centroid either defines or belongs to a different set of discrete clinical outcomes based 

open measured biomarker information. In Fm. 2, examples of the classification of biomarker 

43. 



patients of a medical condition include a prinial responder class, a non-responder class, a complete 

responder class, and an adverse drug reaction class. livery data point is related to a centroid of the 

clam it falls within. Ilic eratroid con be set to be the point most representative of the class. 

(01194) Alla the distance matrix has been constincied and discrete clinical outcomes have been 

	

5 	defined by a sot of bionurkcrs, a probability space can be constorcted from multivariate 

distributions (for exrunplc, clusters) by applying a metric that accounts for the variance coverall= 

snootier of the du tn. flared upon the measured distance, a probability for class assignment Mr any 

observed bionurker pattern is calculated_ The calculated probability for any obtained bionunker 

pattern defines the probability space. 

	

10 	100951 Where desired, a probability measuranait is carried out by way of a Bayesian calculation 

Other methoth of calculating the probability for Class assignment include, but are not limited to, 

Nelson-Asian estimation, the ordinary least squares estimation, die weighted least squares 

estimation, and the maximum likelihood estimation. Another method is to use a decision tree 

analysis and from the measure determine the ultimate scusithity and specificity of the derived rule. 

	

Is 	100961 Fig. 3 illustrates on exemplary method or the invention of building a mathenveical model 

for assessing a medical condition. Based upon prior history of a medical condition. a uses (for 

example, a physician) identifies the relevant clinical outcomes or outcomes. The physiology, a 

compound or drug's method of action, and/or off target treatment effects arc then utilized to help 

define die borders of a probability space. 

	

20 	100971 A graphical example of the probability space and the discrete clinical outcomes that define 

the borders of the probability space are illustrated in Fig. I. Fart number represaits a different 

clinical outcome. 

10098) Itiomarkers that are most relevant to the clinical outcomes of a given medical condition are 

identified using multimiale disaiminaal analysis. Data from the set of bioumrkecs are classified 

	

25 	actuating to the discrete clinical outcome to which the independent data is most closely correlated. 

1410991 After the data sets am classified by cluster =dye's anWor discriminant function analysis 

and idaiti lied as clinical outcomes, the cattmid heather of a clinical outcome is detamined. For 

each reference point or independent biomeIca data point, a probability of classification into each 

reference clinical outcome is assessed. 

	

30 	1001001Wheu data from an individual subject is obtained corresponding to at least one biomarker, 

die dam is input into the mathematical model and its geometrical position within the probability 

apace is determined. A distance metric is then used to determine the position of the subject data with 

reference to each clinical outcome. In a preferred embodimail, die distance metric is the 

tvlithalanobis distance. For the subject data, the model obtains a distance metric corresponding 10 

	

35 	each discrete clinical outcome. 



ion int] A statistical estimation method is used to convert the plurality of distance metrics into a 

plurality of probabilities for the subject dale. Each probability of the plurality of probabilities 

corresponds toe discrete clinical outcome. In an embodiment, the statistical estimation is a 13eyesim 

estimation. The plurality of probabilities is used as the coordinates of the subject data in We 

	

5 	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 median 001111111011 of the subject. 

1001021Rulea can be assigned by the user (for exempla, medical pommel) to any point in the 

probability space. The rules may guide the use in understanding the subject's current medical 

condition and guide the user In selecting a course of action. 

	

10 	100103111re methods described herein can be performed at any point in lime during observation of 

the subject. Subject data can be obtained el various tbne points. The position of the subject dale in 

the probability space can then be calculated using lbe mathematical methods described herein. The 

steps of obtaining mid calculating the position of subject dui In a probability space con be repeated 

to yield a trajectory within a probability space, wherein said trafensory is itdhotiye of a time series 

	

15 	of the assessed clinical outcomes. 

1001041trajectory 

1001051M a medical condition progresses. a subject Is typically monitored by medical personnel. 

Monitoring can be preformed by running a series of Ions. As testing mahods mid devices, such as 

point-of-care microfluidic devices, become more reliable and accessible, data from the patient can 

	

20 	be acquired end processed at multiple time points. The sequential structure of obtained data is often 

a time series or a set of longitudinal dna, but may also be data that rellcas changes that occur 

sequentially with no specific reference 10 time. The sysuan does not require that the time or 

sequence values ate equally spaced. In fact, the time parameter can be a random variable itself. 

1001061In some embodiments, the time aeries of obtaining subject data is at least 6, 24, 48, 72. or 96 

	

25 	bone. In other embodiments, the time series can be at least 7, 30, 60, 90, 180, or more days. The 

lime series can also be over a sales of years. 

100107171te longitudinal data provides valuable insight into the progression of a medical condition 

or treatment. However, es the somber of tested items increases, the complexity of analyzing the 

longitudinal data increases. It can become very difficult to undcigiand or determine relevant data 

	

30 	about a medical coalition or trianineso. 

1001081lbe longitudinal dale acquired from a subject can be grouped into a vector or a trajectory to 

assess a medical condition. A vector is defined geometrically as an arrow where the tail is the initial 

point and the head is the gamins! point. A vectors components can relate to a geographical 

coordinme system, such as longitude and latitude. Navigation, by way of specific example, uses 

	

35 	vectors extensively to locale objects rmd to determine the direction of 1110V011011 of aircraft end 

wetatraft. 
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1001091Physies and engineering fields are probably the must common users of vectot analysis carat 

have stimulated much of the mathematical research. le the field of mechanics, vector analysis 

objects include equations of motion including location, veloc:ty, direction, and acceleration; caster 

of gravity; moments of inertia; fors such as friction, stress, and slain; electromagnetic and 

5 	gravitational fields. 

(O011O( Velocity, the Onto rate of change in position, is the combination of speed (vector length) end 

bearing (valor direction). Acceleration is another common WOW quantity, which is the time rite of 

Amy of the velocity. Both velocity end nmeleratien are obtained through vector analysis, which is 

the loudmouthed Mennen:a ion of a vectin's properties RIMPOT 

to 	(00111) Vector analysis of longitudinal %ajar data pertaining to a medical condition can be used to 

understand the medical condition and statistically determine a discrete clinical outcome. 

1001121For example, the norinal condition for the indiVid1101 ran be observed by plotting biomarkor 

data for the individual:11w stable. normal condition will he a located in one portion of the graph, 

(00113)The individual's normal condition tiny be disturbed by the administration of a 

IS 	phartnaceutical or a change in medical condition. Under the effect of the administered 

pharmaceutical, the individualb natal condition will boom ° unstable and move from its original 

position in the graph to a new position in the graph. What the adminintation of a pharmaceutical is 

stopped, or the effect of the phattnaceutiall ends, the individual', normal condition may be disturbed 

again, which would lead to another move of the normal condition in the graph. When the 

20 	ad ttt i t donation of a pharmaceutical is stopped, 01 the effect of die phamtacentical ends, the 

individual's normal condition may return to its original position in the graph before the 

phannaccutical was administered or to a new or tertiary position that is differeol from both the 

primary pre-pharmaceutical position and the secondary pharmaceutical-resultant position. 

1001141ln some instances, hiomarkee values eon change very rapidly, such that metalard sampling 

25 	(for example, a lab teat) may miss large changes in the values. In an example, sepsis an occur very 

quickly where patient is using a phannaceutical or is a member of a pharmaceutical clinical to rd. 

Many times, early clues as to the medical condition of the patient me not seen because current 

testing procedures do not occur rapidly 0101101. Mao Lament toning pa (KAM Cs are inflexible within 

a short period of linty, so if a patient needs to be tested for a different bioruarker value or 

30 	physiological parameter within a short period of times (for example, 4 hours), it is often not possible 

to receive test results. 

1001151Large changes in biontarker values can occur such that conventional lab methods which uao 

only one sample dilution level cannot measure the analyie due to the range of the device. Oka 

more sophisticated lab methods that use multiple dilution ranges that extend a range can also he 

35 	overwhelmed by a massive change (for example, greeter than 1000-fold) in a biomarker value. if a 

dilution is tweeted to obtain the proper range, in 'natty instances 24 hours may have elapsed before 
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the results of the assays are obtained. As dasesibed. a system or method herein can report results in 

Rail real-Mae fashion, therefore medical personnel has the ability to change the course of medical 

action es I/MCWIly from the birnnerker valises obtained. For example, when an Increase of an 

anal ytc between assay increases lay 100-fold, 200-fold. 500-fold, 1000-fold. 10000-fold, or even 

	

5 	mote, it can increase the dilution level used for the next sampk (for example, 100, 200. 500, 1000, 

I 0,000-fold or higher) in addition to changing the frequency of measurement of the analyte. 

1001161In an aspect herein, a method of inunitoi ins sepsis development of a subject conspires: 

measuring at lean two parameters selected from the group of (1) body temperature of said subject, 

(2) protein C a:recantation of said subject. (3) interlatkin 6 (11.4) concentration of said subject, 

	

10 	multiple dines to yield a tread of temperature, protein C trend. and/or 1L-6; and wherein an increase 

beyond normal body temperature. a decrease in protein C concentration and/or an inmate in IL-6 

concentiation is indicative of the development of sepsis In said subject. A decrease in protein C 

followed by en increase of IL-6 can be indicative of die development of sepsis in said subject. A 

decrease in protein C followed by an increase of 11.4 and au increase beyond D0113181 body 

	

15 	temperatute can be indicative of the development of sepals in said subject. In some instances, an at 

lean about 10-fuld, 100-fold, 200-fold. 500-fold, 1000-kkl,10,000-fokl, 500,000-fold or more 

increase in IL-6 concentration in said subject is indicative of dm development of sepsis in said 

subject. In a further instance, an at least about 10-031d, 100-fold, 200-fold, 500-fold,1000-fold, or 

more decrease in protein C concentration in mid aubject is indicative of the development of sepsis 

	

20 	in said subjal. 

1001171In en example, when no significant event is occurring in a patient following chamnba may 

at home the measurement frequency of an iuudyle can be reduced. In soma instances, the system 

can prompt appromiete action by a over based on prior results. 

1041 lei In Mime 	time methods and systems desalted heroin allow for the illailloring of the 

	

25 	health status or medical condition of a subject throughout a lime flame as small as a IS days. For 

example, the evolution and patimphyslology of the disease process, the response to therapy, and tile 

possible onset of mermaid side effects upon °mammy to a drug can be monitored by longitudinally 

sampling blood. From these samples a profile of key circulating bionunkera can be established. 

Specific biomarkers can be selected based on. for example without limitation: knowledge of the 

	

30 	disease process and its molecular pathophysiology, the mechanism of action of a given compound, 

and Its obsess/al effects profiles. 

1001191Representation of a similar movement of longitudinal data to that previously described is 

illustrated in Fig 5. At each time point 	- 0 ten 7 - 9), the data point is plotted in a probability 

space. 'Me line traveled from one point to the next is a vector. 

	

75 	1011201 Diagnosis of the Individual may be aided by studying several aspects of Die MOVanclit of 

the individual's medial 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 treatment decisiommaking for a given clinical outcome. The speed and 

am:aeration of die movement of the medical condition in the graph may also be diagnostic. Also, the 

position of the individual's medical condition at en independent time point may itself be diagnostic. 

	

5 	1001211Given that the direction and/or speed of the MOVCMCIA of the normal condition in the graph 

Is diagnostic, one am use the direction and/or speed of the Initial movement of the 'tome' condition 

to predict the ounscapiei it, new location of the normal condition; especially if it is established that, 

under the effect of a caul,' ngn:t (for example, a phanneceutical), there are only a consist number 

of IOC/16014 in the graph at which on individual's normal condition will stabilize. 

	

to 	10012211 lowever, in some aspects of the invention, both diagnosis and prediction of assessing the 

medical condition of a subject are performed by quail lied medical personnel and the mathematical 

model provides an educational tool and resource. 

(00121) Fig. 6 illustrates an exemplary method of the invention for applying a mahanstical model 

longitudinally in real-time. Relevant biomarkers and discrete clinical outcomes con esponding to 

	

15 	different biornarker patterns are predetermined from historical data. 13ata is then obtained from a 

subject end the data corresismding to each relevant bionsarker is measured Data is preferably 

obtained from the subject using a point-of-csre microduidic device, however, it can be obtained in 

any manner. Each time the data is obtained a distance metric (for example, Mahalanabbt distance) is 

calculated in relation to each centroid obtained from a cluster analysis of the historical data. The 

	

20 	cent rods represent the discrete clinical outcomes delamiued from the historical data. 

1001241As following the flow diagram in Pig. 6, format individual data set through time, the 

probability of the data belonging to each clinical outcome is calculated. The probability is calculated 

gam the absence metric using a statistical estimation proms lure, such as a Bayesian estimate. Based 

on the set of calculated probabilities, the position of each time point of subject data is assigned to the 

	

25 	probability space. Ile Salado° is repeated for each time point. 

1001251A trajectory or vector is then created by linking adjacent time points. Thedistance, 

direction, speed, and acceleration of the vector can be calculated mil plotted for display or review. If 

the user (for example, physician), deems the data to be of significant impottance, the user may 

activate an alarm or warning system and accordingly change the course of action for beating or 

	

30 	monitoring the medical condition. Alter a count of action has beat adjusted, the steps assessing the 

medical condition of II subject tall be repeated to combust to 10011iter the trajectory attic subject. 

(00126) Fig. 7 illustrates an exempla], method oldie invention for developing en alarm or early 

waning system for or upon assessing the me diced condition of a subject. The trajectory of a medical 

condition of subject and the information corresponding to the trajectory (for example, speed or 

	

35 	acceleration) is obtained through a method of trailtivariate statistical calculations, such as the 

method illustrated in Fig. 6. In order to analyze the information obtained from the mathanatical 



analysis, qualified ciuxlirsal persennel (for example, a physician) can establish criteria kw activating 

an alarm or wanting system based on the measurement of biomerker patterns from an individual 

subject. 

(001271T is method allows Mil indhiduat user to define the value and set of criteria as they see fit, 

	

5 	according to the individual user's in its Mee. It is uStiotood the each neer or physician may view 

each medical condition differently and the example unshod of Fig. 7 accounts for these differences. 

100128l An exemplary method of the invention assigns propels lines to each discreteclinical 

outcome. The progress lines may represent different clinical criteria for the medical condition a 

subject passes over. Preferably, the program lines are positioned and doctinitied by an individual 

	

10 	user, such as medical personnel. The user may assign 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 rules doznonsinued as progress lines is illustrated in Fig. 8. For 

example, if the trajectory of a subject goes within one of the prom cue lines Must; flied in Fig. 8, an 

Mann or warning system may be activated to notify the user or thc subject. Ober possible results 

	

IS 	include, but are not limited to, a system printout of the medical data, a user interface displaying the 

Infarction, a flashing light, an slat system, an stank a buzzer, an email, a telephone 

cormuunication, and a pager system. The Mann system not only assesses the curtail medical 

condition of the subject, but may also guide a course of action for the user. 

1001291Witim one or more of the characteristics of the trajectory surpasses a specific value as 

	

20 	determined by the model user, an alarm or warning system can be activated. The mu can that 

delennine the next course of action for assessing the medical condition of the subject. 

1001301hr an embodiment of the invention, mailed personnel or the subject can be notified of a 

need for taking a mace' notion alter mussing or characterizing the position of the subject data in a 

probability space. lixamples of a notification include an alert system, an alarm, a hence, an email, a 

	

25 	telephone conununication, and a pager Ionian. 

1001311Medical personnel may take medical action when notified by the methods of the invention 

that the medical condition of a subject has violated a rule imposed by the medical personnel. 

Medical action includes, but is not limited lo, ordering more labs performed on the patient, alterir.g 

the dosage of an administered therapeutic agent, administering mi ttaapartie 3600, Itiminating the 

	

30 	administration of it therapeutic agent combining therapies, administering an alterative therapy, 

placing the subject on a dialysis or haul and lung machine, and administering a pain killer. In some 

embodiments, the subject :my take medical action. For example, a diabetic object may administer a 

dose of insulin. 

1001321Aller a medical action has been taken or has been chosen, an outcome analysis can be 

	

35 	marooned for characterizing a result of the selected action. The outcome analysis can lead to 

automatically updating the probability of the discrete clinical outcome of the subject. 
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1001331Any clinical outcome, result, or 8CAi0111 reined to a particular medical condition nay be 

utilised as a discrete clinical outcome. For example, discrete clinital outannes 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 sequel's., or downstream clinically 

	

5 	relevion events or results. Subject data can be obtained for any pharmacological, pothophysiological 

or pathopsychrilogical clinical outcome. 	guinea dais may be obtained during a first time poi Mil 

before an intervention is administered to the patient, and also during a second, or more, lime 

period(s) alter tl:e intervention is administered to the patient. 'flit intervention may comprise a 

drug(s) and/or a placebo. The intervention may be suspected to have a propensity to affect the 

	

10 	heightened risk of the onset of the specific medical condition. The intervention may be suspected of 

having a propensity to decrease the heightened risk of the onset of the specific medical condition. 

The specific medical condition may be an unwanted side effect. The intervention may comprise 

ad 	' binding a drug, and wherein the drug has a propensity to Increase the risk of die specific 

medical condii ion, the specific medical condition may be an titir lathed side effect. 

	

15 	11001341Medical conditions include, but are not limited to, pharmacological. pathological, 

physiological and psychological conditions. For example, abnormality. affliction, oilman, anomaly, 

anxiety, cause, disease, disorder, illness. indisposition, inf rmity. malady. problem or sicness, and 

may include a positive medical condition for example, fertility, pregnancy and I ctarrial or reversed 

male pollen% baldness. Specific medical conditions include, but are not limited to, neurodegencradve 

	

20 	disorders, reproductive disorders, cardiovascular disorders, autoimmune disorders, inflammatory 

disorders, cancers, bacterial and viral infections, diabetics, arthritis and endocrine disorders_ Other 

diseases include, but are not limited to. lupus, rheumatoid arthritis, endomerriosis, nmltiple sclerosis, 

stroke, Mahound' disease, Parkinson's diseases, Iluniington's disease, Pnon diseases, amyotrophic 

lateral sclerosis (ALS). ischaendas, atherosclerosis, risk of tnyoaudial infarction, hypenension. 

	

25 	pulmonary hypertension, congestive heart failure, thromboses, diabetes mellitus types I or U, lung 

cancer, breast canon, colon cancer, prostate cancer, ovarian cancer, pancreatic cancer, brain cancer, 

solid tumors, melanoma, disorders of lipid metaboliani, FIN/AIDS, hepatitis, including hepatitis A. 

13 and C, thyroid disease, /thorned aging, and any other disease or disorder. 

1001351 Biological Markers 

	

30 	1001361 Biological markers, also referred to borsht a blometkers, aueurding to the present invention 

include without liminnion drop, prodrugs, pharmaceutical agents, drug metabolites, biomarkers 

such as expressed proteins and cell markers, antibodies, scrum proteins, cholesterol, 

polysaccharides, nucleic acids, biological analytes. biomarker, gene, protein, or hormone, or any 

combituakm thereof. At a molecular level, the bionuulters can be polypi:pride, glyeriminein, 

	

35 	polysscclau ids, lipid, nucleic acid, and a combination thereof. 



10013710f particular intro= are biome:bum 'emaciated with a particular disease or with a specific 

disease stage. Such biomatiters Include but are not limited to those associated with auloinumme 

diaawes, obesity, hypedonsion. diabetes, 110UMI141 and/or muscular degenerative diseases, cardiac 

diseases, endocrine disorders, any combinations thereof. 

	

5 	11.10131111Also of interest are biotnarkers that arc prawn in varying abundance ht one or more of the 

body tissues including heart, liver, prostate, lung, kidney. bone morrow, blood, skin, bladder, brain, 

muscles, net yes, and seloaed tissues that are effected by various disrobe, such as different types of 

calmer (malignant or non-metastatic), autohnrome diseases, in flra nmatory or degenerative tliseAtete. 

(011130)Also of interest are snalytes that are Indicative de microorganism. Exemplary 

	

tO 	microorganisms include but are not limited to bacterium. vims, fungus and protozoa. Other 

bionuukers obtained from a subject also Include blood-bum pathogen, selected from a runelimiting 

group that consists of Staphylococcus epldermidis, Escherichia coil, ntethicillinaesisona 

Staphylococcus aureus (MSRA), Staphylococcus Burma. Staphylococcus hominis, Enterococcus 

faecalls, Pseudomanos aeruglnaso, Staphylococcus capids. Staphylococcus Heiner', Kfrbsiclla 

	

15 	pneumonlae, Haemophilia influnmie, Staphyloconait simulans, Streptococeza pneumonia.,  and 

Candid., albicans. 

100140113iomadcas also encompass a variety of sexually transoroted diseases Waxed from the 

following: gononhro (Neisseria gorrhoeae), syphilis (Dmponena pall/dun), cromydia (Clamyda 

tracomitis), nongonococcal urethritis (Ureaplosm urealyticum), yeast infection (Condida alhicant), 

	

20 	chanemid (Haemophilia ducrey0, trititomoniasia (21dehomonnv mouths), genital hopes (118V 

type I & 	IIIV I, IIIV II and hepatitis A, D. C, 0, as well as heixtritis caused by TIN. 

100141113roinakers encompass a divasity of respiratory pathogens including but not limited to 

Pseudomonas acruginasa, ntethicillin- resistant Stophlococccus mama (AiSRA). Kletaiella 

pneumoniae, Ilaentophilis influenza., Staphlococais auma, Stenotrophonionas nialtophilia, 

	

23 	lhemophilis paraitgluensae, arherichla colt, Enterocaccus faecalls, Serrano menaces's, 

Hacinophills parahaemanicur, Eirtim.occus donate, Candlda albicant Moraufella camrrhalis. 

Streptococcus pneumonloe. Giro/macs fiamilil, glISIOIX)COLV frecium, Kleluella oxymmi, 

Pseudomanas fluorscens, Neiseria meningitides. areptacoccus pyagenes. nielellt0CyJaS 

Mebsella pneumonia. Legionella pneamophila, Afycoplatina pncumannie, and Mycobacterium 

	

30 	tuberculosis. 

100142) Listed below are additional exemplary markets Repealing to the present inventimE 

Ilinophylline, CRP, CKMI3, PSA, Myuglobin, CAI 25, Progesterone, Tx132. 64cero-PliF-1-alpba. 

and Theophylline, P-stradiol Lutenizing humane, high sensitivity CRP, 11 ig !you ides. '14 mese, 

Low density lipoprotein Cholesterol, high density lipoprotein Cholesterol, Cholesterol, 10FR. 



(00143) Exemplary liver markers include, without limitation, Arginasc 1 (liver type), Alpha-

fetoprotein (AIR), Alkaline phosphates°, Alanine amitnitansfanse (AI,T), lactate dehydrogenase 

(LIMO, Protein C, and Bilimbin. 

100144]Exemplary kidney markers include without limitation Ttlfa Receptor, Cystatin C, 

5 	Lipoetlin-type urinary prostaglandin D, synthatase (LPGDS), I lepatocyte growth Ilea receptor, 

Polycymin 2, Polycyat in I, Eibiocymin, Unnnodulin, Alerting, aminopeptidase, N-acetyl-B-D-

glueosaminidruse. Albumin. and Retinol-binding protein (RBP). 

(00145)Exenplary bean markers include without limitation Troponin I (TnI), Itoponin T (rnT). 
CK, CKMB, Myoglobin, Fatty add binding protein (FABP), CRP, D-dianer,13-100 protein, BNP, 

10 	NT-pt oftNP, PAPP-A, Myeloperoxidase (MPO), Glycogen phosphorylase isormayme BB (GPB13), 

Thrombin Arlivatable Fibrinolysis Inhibitor (TA/T.Fibrinogen, Wheelie modified albumin (IMA). 

CAutlioimplun-1, and MLC-1 (Myosin Light Chain-I). 

I00146i Exanplary pancreaftic markets include without limitation Insulin, Amylase. Panereatitis 

Aces coated protein (PAP-I), and Regeneratein proteins (RHO). 

Is 	I00147l Exemplary mimic tisane markers include without limitalion Myosintin.  

10014111Exemphwy blood markers include without limitation F-rythopoeitin (FPO). 

1001491 Exemplary bone markers include without limitation. Cross-linked N4elopeptides of bone 

type I collagen (NTx) 

airboxylenninal awe linking tclopeptide of bone collagen, Lysyl-pyridinoline (rleoxypyridinCilinc), 

20 	Pyridinoline, Tartrate-resistant acid phosplunase. Procollagen type 1 C propeptide, Procollagas type 

I N propqnide, Osteocalcin (bone gla-protein), Alkaline phosphatase, Cathepain K, COMP 

(Cartilage Ofigimerie Matrix Protein), Ostcoefin 

Osteoprotegerin (OPG), RANKI,, @RANK , TRAP 5 (IRACP 5), Osteublast Specific Factor 1 

(OSF-I, Pleitnrophin), Soluble cell adhesion molecules, SUR. sCD4. seDit, sCD44, and Osucoblast 

25 	Specific Factor 2(0SP-2. Perlostin). 

1001501In some embodiments markers according to the present invention are disease specific. 

Exenplary cancer markers include without limitation PSA (total prostate specific antigen), 

Creatinine, Prommie acid phosphatuse, l'SA complexes, Proshatescific gene4, CA 12-5, 

Carcinuembryonie Antigen (CEA), Alpha (do protein (APP) ,1103 (Human cher-Ionic 

30 	gonadoiropin). Inhibits, CAA Ovarian CII124, CA 2729, CA 15-3. CAA Breast C1924, Her-2, 

Psnostmic, CA 19-9, Careistoembryonic Antigen, CAA pancreatic, Neuron-specific enolase, 

Angionatin 

DcR3 (Soluble decoy receptor 3), Endostatin Ep-CAM (MK-1), Free Inuututoglobulin Light Chain 

Kappa, Free Inumutoglobullu Light Chain Lambda, flewatitt, Cluumogranin A, Adrenumedullin, 

35 	Integrin, Epidermal growth factor receptor, Epidermal growth factor receptor-Tyrosine Idniue, Pro- 
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adrenonteduilln a-total 20 peptide, Vascular endothelial womb factor, Vascular endothelial 

growth factor receptor, Stem cell factor receptor, c-kiUKDR, KUR, and Midldm. 

(001511Exemplary infectious disease markers include without limitation Virmtde, lacteremia, 

Sepsis, PMN Elastic, PMN elitism/ al-PI complex, Surfactant Protein D (SP-D).11:13Vc antigen, 

5 	HBVs antigen, Anti-HBVc. Anti-HIV, T-supreasor cell antigen, T-cell antigen ratio. T-helper cell 

antigen, Anti-liCV,Pyrogens, p24 antigen, Munimyl-dipcmide. 

1001521Exemplary diabetes maiters include without limitation Cl-Peptide, Hemoglobin Al; 

Glycated albumin, Advanced glycosylation end products (AGEs), 1,5 sithydrogluchol, Gastric 

Inhibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGPTL3 and 4. 

10 	1001531Exernplary Inflammation markers include without limitation Rhetunatoid factor (It?), 

Tutnor Necrosis &sot-a (TNI74), Antinuclear Ant laxly (ANA), C-reactive protein (CRP), Clara 

Cell Protein (Uteroglobin). 

1001541Exemplary allergy markers include without limitation Total IgE and Specific IgE 

(00155)Exemplary autism markers include without limitation Ceruleptanniu Mealothionehle, 

15 	Zinc, Copper, 136,1312, Glutathione, Alkaline plicaphalase, and Activation of also-alkaline 

phosphates°. 

1001561Exemplary coagulation disorders markers include without lindlation b-Thromboglobulin. 

P13101Ct actor 4, Von Willebrand factor. 

10015711n some mnbodiments a marker may be therapy specific. COX inhibitors include without 

20 	limitation Tx92 (Cox-I), 6-keto-PGP-I -alpha (Cox 2), 11-Dehydm-Tx11-la (Cox-1). 

(00154110ther markers of the present include without limitation Lent. Leptin receptor, and 

Procalcitouin, Brain 5100 protein, Substance ?, 8-lso-POP-2a. 

1001591Exermilmy geriatric leathern include without limitation, Namara-specific C1101811C. GEM', 

and S10011. 

25 	1001601Facmplary marina of nutritional status include without linatationPrealbusnin, Albumin, 

141MA-binding protein (PUP), Transfcnin, Acylation-Slimulaling Protein (ASP), Adiponeefin, 

Agouti-Related Protein (AgRP), Angiopeict in-like Protein 4 (ANGPT1A, FIAF), &peptide, AEMils 

(Adipocyte Fatty Acid Binding Protein, FABP4) 

Acylation-Stimulating Protein (ASP), EFALIP (Epidermal Fatty Acid Binding  Protein, PABP5), 

30 	Gait in, Olucagon, (linesman-Like Peptide 1, Olucagon-Like ?Wide-2, Ghrelin, Insulin, Leptin, 

Leptin Receptor, PYY, RELMa, Resistin, mud Mit (soluble Transferral Recaimo,) 

100161)Exemplary minters of lipid metabolism include without limitation Apo-lipoproteins 

(several), Apo-Al, Apo-B. Apo-C-C11, Apo-D, Apo-E. 

(001621Exemplary coagulation status markers include without limitation East, I: Fibi i nogg, is  

35 	Factor II: Prothronthin, Factor III: Tissue factor, Factor IV: Calciwn, Factor V: Proacocleritt, Fodor 

VI, Factor VII: Pmconverlitt, Factor VIII:, Anthhemolytic factor, Factor IX: Christmas factor, 
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Factor X: Stuart-Prowler factor, Factor Xl: Plasma thromboplaalin antecedent, Factor XII: Ilagenum 

factor, Factor XIM Fibrin-stabilizing factor, Prelcallikrein, I ligh-molecular.weight kininogen, 

Pmein C, Protein S, D-dimer, Tissue plasminogen activator, Plasminogen, a2-Antiplasmin, 

Plasminogen activator inhibitor I (PAID. 

	

5 	1001631Exanplary monoclonal antibodies include those for ROM, EM62, and (CFI R. 

1001641Exemplary tyrosine Utast inhibitors include without limitation Abl, Kit, MOIR, Sec, 

ErbI) 4, EGER, FMB. VF.OFR I -4, PDGFRIs. F143. FOPR, PKC, Met, Tie2, RAP, and 

IrkA. 

(001651fixemplary 	 Kinase Inhibitors include without limitation AKT, Aurora 

	

10 	A/11/9, CDR, CDK (pan), CDK1-2, VEGER2, PDOEltb.CDK4/6. 	mTOR, and PKC'beta. 

1001661GPCR targets include without limitation Histamine Receptors, Serotonin Receptors. 

Angiotensin Receptors, Ad11:001=C01011.11111SallilliC Acetylcholine Ito qon, (MIN Receptors, 

13oparnine Racquets, Prostaglandin Receptors, and ADP Receptors. 

(001671In a separate embodiment, a medial herein utilizes pluirmacological paremetent useful for 

	

15 	assessing efficacy and/or toxicity 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 

substances that have therapeutic utility amt/or potential. Such whatnots Include but Ole not limited 

to biological or chemical ammonia; such as simple or complex organic or inorganic molecules, 

peptides, proteins (for sample, antfixxlies) or a polynucloolides (for example, anti-sense). A vast 

	

20 	array of compounds can be synthesized, for example, polymers, such as polypeptida and 

polpueleotides, and synthetic organic compounds board on ration!, core antrum ea, and these am 

also included in the tam "therapauie agent". In addition, various natural sources can provide 

compounds for screening, such as plant or animal extracts. and the Ilke. It should be understood, 

although not always explicitly slated that the agent is used alone or in combination with another 

	

25 	auent, having the same or different biological activity as the agents identified by the inventive 

screen. The agents and methods also toe intended to be combined with other therapies. 

10016011 mpl ementsdoe of the Methods 

100169111 is 10 be °oda stood that the exemplary methods and systems &act ibcd !mein may bc 

implemented in various fome of hardware, software, finnwate, special purpose processois, a 

	

30 	combination thereof Merhoda herein am be implemented in software as an application program 

tangibly embodied on one or more program storage devices. The application leogram may be 

executed by any machine, device, or platform comprising suitable architecture. It is to be hydra-

undastood that, because sonic of the systems and methods depicted in the Figumt are preferably 

implementod in software, site actual emulations between the system components (or the process 

	

35 	steps) may differ depending upon the manner in which the present invention is progranuned. Given 
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the teachings herein, one of onfinary skill in the related rat Veil be able to cmuemplate or practice 

these and similar implementatioin or configurations of the la acts invention. 

1001701Fig. 9 illustrates the process flow of building the model and system for assessing the 

medical condition of a subject The subject Mauls personal data into a database. The same or 

5 	different database contains data from other subjects with a similar medical condition. Data from the 

other salaam can be historical data foam public or private instindions. Data from other subjects may 

also be internal data from n clinical study. 

10017111he subject may input dam in a variety of ways, or using a variety of deviant For example, 

a point-of-care mictolluidic device may be used to acquire blot= ker data at the point-et-care. The 

10 	data fan Ike device may then be aMIIIIIITlietlii)(111hedly num the device to a database or matt:sot. 

A computer or data entry system may also input subject data to a database or processor. Data may be 

automatically obtained and input into a computer from another computer or data catty system. 

Another method of inputting data to a database is using an input device such as a keyboard. touch 

screen, trackball, or a mouse for disonly entering data into a database. 

1001721A database is developed for a medical condition in which relevant clinical information is 

filtered or mined over a commtudeation network (for example, the Internet) from one or more data 

source, such as a public remote database, an internal remote database. and a local database. A 

public database can include online sources of fret clinical data fin use by the general public, such aa, 

for example, databases supplied by the U.S. Department of Health and Human Services. For 

20 	example, an internal database can be a private internal database belonging to particular hospital, or a 

SMS (Shared Medical System) for providing clinical data. A local database can comp ise, for 

example, biotnarker data relating to discrete clinical outcome. The local database nay include data 

from a clinical trial. It may also include clinical data such as temperature and laboratory 

infatuation, EKG results, blood test malts, patient survey responses, or other items limn patients in 

25 	a hospital or =Internal hospital mouitoring system. llte database can also include historical 

reference data of a plurality of subject members in relationship to at lean One biological market 

1001731'11m database may also be implemented on a variety of commercially available authoring 

packages. 

1001741The database may bo of a storage unit of a medical information simian. 

30 	1001751Data flout a database can be filtered and classified °molding to specific awes or medical 

conditions or a group of diagnoses and conditions. For example, the classification within the 

database may follow the standard imanational code of diagnose (ICU-9 coding system). A medical 

condition may include, for maniple, a physical state of a subject or a disease dial the subject is 

suffering from. 
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1001761In an embodiment, the data stored to the database may be selected from the categories 

consisting of: pathology, anatomy, vestment option, tratrnent outcome, pharmacological parameter, 

phial/ow/kinetics parameter, psychological parantrier, and gestalt& Information. 

(00171)Subject data can be stored with a unique Waal firr for recognition by a processor or a user. 

5 	In another step, the processor or user can conduct a search of stored data by selecting at least one 

criterion for pesticular patient data. lbe particular patina data can then be retrieved. 

1001781Relationahips can be established between elements of the public databases, the internal 

databases and the subject data. Explicit relationships declare and record inference made based on 

information revealed by the rejector/ or other available observations. 

10 	1001791Fig. 9 Illustrates the flow of data from a database that includes the data from the subject to a 

processor that performs the mathrtmuleal methods described herein to consulter a probability space. 

the subject data may also he inputted to the processor separately front the data pertaining to a 

discrete clinical outcome that is stored in • database. 

1001801A processor can perform calculating the probability apace. Once a probability space amp is 

Is 	prepared, the seine processor m a different processor can plot biomarker data from an individual 

subject within the probability apace. The probability space map itself can be transmitted to en 

output, such as a display monitor. The position of the subject data within dm probability space may 

also be transmitted to an output. lbw 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 

20 	processing data The processor may also include a means for receiving instructions a user or a user 

interface. The pt 	wear may have memory, such as random access memory, as is well known in the 

art. in one etubodiment, an output that is in communication with the processor is provide. 

1001811A user interface refers to graphical, tactual, or auditory information presented to a user. 

User interface may alto refer to the control sequences used for controlling s program or device, such 

25 	as keystrokes, movements. or selections. 

1001821A use interface may bo a commercial software application for displaying subject data 

and/or the poaltion of the subject data in a what/ably apace. The user interface generally provides 

users with moms to a task-specific sot of functions to view and modify content. In preferable 

embodiments of the invention, the use interface is a graphical user interface (GUI). In some 

30 	embodiments, a consinvial probability space in two dimensions can be viewed using a GUI. Also, 

die todectory of subject data positioned within the probability space can be viewed using a GUI. The 

GUI may be displayed 011 a display monitor. Other user inter faces dal may be utilized with the 

methods of the invention include, but ate not limited to, slat systems, wehhased interfaces, text 

interfaces, sound interfaces, batch interfaces, and intelligent interfaces. In an embodiment of the 

35 	invention, the Ilse! Interface can remotely communicate with the system. 
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1001113113y napkins data front a subject at multiple points in time, a trajectory of the subject data 

can be processed. For each time point, a processor may calculate the position of the subject data 

time point in a probability space. A trajectory is metal by connecting at least Iwo limo points of 

subject data. Different vector parameters of the trajectory can be calculated such as distance, aimed. 

	

5 	direction, and acceleration. The vector parameters CM be calculated by a processor. The processor 

nay be the mine as or different than the processor used to construct the probability space. 

1001841 Dosed upon mks imposed by a user, the position or trajectory of subject data may activate 

an alert. The alert or slat system notifies the use 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 

	

19 	adverse drug reaction (ADR) is reeler than 60 percent When the probability of the subject data 

exceeds the rule, an slat is connramicated to ■ user. 

1001851Examples of an alert include, but arc not limited to, a sound, a light, a printout, a readout, a 

display, a page, an email, a fax slat, telephonic communication. or a combination thereof The alert 

may communicate to the user the raw subject data, lbs calculated position In probability space of the 

	

IS 	subject data, the trajectory of the subject data, or a combination thereof. 

WHOA user is most preferably medical personnel In an embodiment, the same user has access to 

the subject data, establishes the rules for alerting the user, and Is alerted by the alert The user may 

aLso be the subject. For example, a diabetic patient may monitor his personal glucerao levels or other 

Molnar'set levels. In another embodiment, a user hat mown to the subject data at any step of mho 

	

20 	matheamtical model. 

(09187) Fig. lir demonstrates a networking method of assessing the medical condition of a subject 

A system of communicating information may or may not inch ,de a ranter for reading subject dela. 

For example, if biosnatker data is acquired by a miemfluidie point-of-care device, the values 

twinned to different individual biomarken may be read by the device itself or a separate device. 

	

25 	Another example of a reader would be o system to scan in subject data that has been enteral in an 

electronic medical record or a physician chart. A further example of a reader would consist of an 

electronic patient record database from which subject data could be ditectly obtained via tl:c 

cmumunications network. 

i0018111 A user station may he incorporated into the methods and systems Watt The user station 

	

30 	call act as a reader for reading subject data or as a data why system. The user station tatty also be 

used to communicate Mot information directly to a user, such as medical personnel or the subject. 

The user station platform may be a computer or one of a wide variety of hardware platforms that 

Win any operating moment The platform may read and write to and front a storage unit. A storage 

unit may be incorporated within the user station. As will be readily apparent to flume of culinary 

	

35 	skill in the art, other hanlware may be used to execute the methods of the invention. 



1001891Acconling to still Rather etotrodiments, a SLING( may be provided for use io assessing a 

medical condition of a subject. In some embodiments, a t cadet and/or ma station mntemiata 

with a server. 	server may comprise a network interface and a poxesnot A storage unit may also 

be provided in the saver. The storage unit is coupled to receive the patient data born the input 

	

5 	device, reader. or user Interface, and to store the pentad data. 

(00I901The storage will may be any device capable of storing data for a long period of time. either 

xv n sompt meal of the Oaken, 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 

usually at last twenty gigabytes. The storage unit may be permanent Or movable. Forexampk, 

	

10 	the storage unit may be as magnetic random access, such S. flexible or hard disk drive, magnetic 

aequadial access, such as tape, optical random Keel" Snell as CD, 1)V D or Magnetic Optical drive, 

and solid slate memory, such as EPROM, MRAM anti Flash. In addition, the present invention 

anticipates other storage device'. All of the ationnentionwl storage units ate by way of example and 

arc not Intended to limit the chokes that arc or may become available in the an. 

	

Is 	(00191J1n SOH* etribodimentsobe data are further trounpilnird prim to storage by the macaw 

compressing the data. Seine data are very large and compression permits Cotner V116011 of storage 

space. In the absence of compression, this large amount of data may present a pm Mader problem for 

the storage of medical information. 

1001921In other embodiments of a system for assessing the medical condition of a subject, data 

	

20 	storage. processing and control of data arc implemented on a serves that is in communication with a 

user nation. Optionally, computations with the data [nay be performed on the server as well. In thin 

client-server embodiment, the server is communicatively coupled to one or more user stations by 

kcal arca network (LAN), implemented with Ethanol, Wi-Fi, illuetooth, MB or Firewire, a Wide 

Area Network (WAN) such as the Internet, implemented by broadband cable, xDSL, TI, 

	

25 	metropolitan Wi-Fi or other high speed communications down to plain-old-telephone-service 

(FOB). 

1001931A user station is in communital ion with a saner to output the intimation pmeessal by the 

saver. The user station may be the satne or different from tile user station or device used to input 

subject data into the system. The user station may also be an alas or a warning system. Examples of 

	

30 	a user station include, but are not limited to. a computer, a IDA, a wireless telqthoue, and a 

personal device, such as an inn,. The inter station may be in communication with a printer or a 

display monitor to output the information processed by the server. 

10019411u a networked system comprising a saver, any number devices may be members of a 

medical network enterprise and access a central collection of medical data stored in a server. A 

	

35 	given user station may have access 10 ell0f1110U11 OnIntlithi of Mini( dale fnmi healthcare sources 
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anywhere In the world. In one application, data from multiple practitioners are accurnulated for 

defined clinical trial studies. 

1001931Statistical information is provided to die use of the system, preferably al the point-of-care. 

The point-ofcare is where fragment is impleumted. Advantageously, the dynamic and red-linty 

characteristics of Internet usage are captured in this feature. This enables medical personnel or the 

subject either in the office or in the field to lerstrateneously be nut itioi of and presented with, for 

example, a subject's medical condition and statistical information pertaining to the subject date. 

1001961The user station, alert system, or output device may encrypt the data prior to data 

transmission. The data can also bo encrypted by the processor to protest private information. A 

10 	variety of encryption schemes may be used, such as public key encryption or private key encryption. 

The encryption consumed* may be sand-alone components or software components. The saver 

may also include a decryption unit for decrypting received subject data prior to storage. 

(001971In an alternative embodiment, if the commtmicatIon bandwidth between the user and the 

saver beelines restrictive (for example, if the MVO( is "down", the model can be duplicated nod 

15 	reside in a minor saver at a user dada Updates and commtmleations between the sever nod the 

mirror :over can be done off-Ihne at predetermined times. On-line requests from the weer ow be 

handled locally by the mirror saver. This alternative provides Increased reliability for were, since 

tier on-hiue processes do not depend on outside networks. 

(00198j In an alternative conliguation of the dam analysis system, client-based architecture is used 

20 	where storage, data processing and COICIptIletiOlIS are performed on a user station. An input device 

transmits data from a source to a platform. 'rho platform is coupled to a display through a display 

controller. The display may be any one of a number of aNIV01141011111 display devices, such WI a liquid 

crystal display or video display. The platlimn contains a storage unit, a processor and an interface 

for eonununicating with the input device. 'Ile storage unit has a database for storing, manipulating 

25 	and mnieving subject data. The storage unit also may store and run an operating system. -The user 

SieliCHI platform may ho a computer or one of a wide variety of hardware platforms that nuts soy 

operating mean. The platform may read and write to and form its storage unit. As will be readily 

apparent to those of ordinary skill in the alt, other Inudware may be used to execute the software. 

1001991 In another aspect, computer readable Instructions are provided, which when executed cause 

30 	a processor to: provide a probability space defined by a ad of discrete clinical outcome, each of 

which is characterized by a statistical distribution of at least one biological make; obtain subject 

data corresponding to the at least one biological marker; and calculate the position of mid subject 

data in said probability space to assess the probability of a medical condition of said subject. 

1002801The computer readable inn maims may bo a pad of a software package. The software 

35 	package can be provided with a saver of the invention or an input device, such as a inicrufluidic 

point-of-care device. 
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1002011bl an embodiment. computer readable instructions comprise instructions for creating a 

trajectory between two time points of subject data. The instructions may also cause a processor to 

untwiste vector parameter of a trajectory, such as speed, position, heading, and acceleration. 

1002021Computer readable instructions may direct a processor Or output device to output the 

5 	assessment of a medical eonditimi. The instructions. when executed, may display a graphical 

rernmentation on a monitor, print an output on a printer, or activate an alert or alarm. 

1002031 In another aspect, computer readable Instructions may be stored in a computer readable 

medium. In some embodiment., the computer readable medium that stores i ruir nen, ins is a storage 

unit as described herein. Still other embodiments may provide a computer readable medium having 

10 	stored therein a plurality of sequences of instructions, which, when executed by a processor, execute 

a method of the invention. 

100204111n computer readable instructions when executed can cause a processor to powide a user 

defined slat condition based on an assessment of trajectory parameters of the subject data in the 

probability space. In an embodiment, the trajectory panuncters are at less one of speed. 

15 	acceleration, direction, end position. 

1002051 As used herein, a "(mintier readable mod ill111-  refers+ to any motion, which can be read sal 

accessed directly by a cotnputer or a processor. Featured computer readable media include, but arc 

not limited lo, magnetic storage medium, optical storage medium, electrical nage medium, and 

hybrid storage medium of any of these categories. 

20 	100206rIle oromputet readable inatructiona can operate in a software mistime eavironman of the 

processor. In RD embodiment, a software runtime envirmuneal provides commonly used functions 

and facilities required by the software package. Examples of a software runtime CDVDODSOCK 

Include, but are not limited to. computer operating systems, virtual machines or distobuted °priming 

systems. As will be appreciated by those of ordinary skill in the an, several other examples of 

25 	ism lime environment eist. 

100207111m computer readable medium may be a stomp unit of the present invention as described 

herein. It le appreciated by those skilled in the art that computer readable medium can also Ire any 

available Mafia DUD ran bo *messed by a server, a processor. or a computer. 

1002001Computer readable tr.edia includes volatile and run-volatile, removable and non removable 

30 	media implemented in any method or tecluielogy for Menge of DDIODJUIDODDIell as computer-

readable instructions, data structures, program modules, or other data. Computer storage media 

includes, but is not limited to, RAM, ROM, EPROM, FFRROM, flash memory or other solid state 

memory technology, CD-ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape 

numneik dick storage or other magnetic storage devices, or any other medium which can be used to 

35 	store the desired information and which can be accessed by Ike computer. A skilled &DAM Win 



readily adopt any of the presently known methods for recording information on a computer readable 

medium. 

[00209111m computer readable medium can be Incorporated as part of the computer-based system of 

the present invention, and can be employed fora computer-based assessment of a medical condition. 

5 	10021111Healtbare Operating System 

1002111Different aspects of the invention can be used and developed for healthcare Dynan. 

Exatmiler of such systems Include point-of-care systems, a healthcare opecallog system or a 

combination of both. For ample, a user may lest a blood sample with a device and the information 

from the test can be provided ton system or method of the invention, which in turn sends additional 

10 	information to the neer. 

1002121 hi an embodiment, a healthcare amain is part of an intemnial infrasintettne built around 

real-time, point-of-care disposable blood monitoring devices which analyze about 10 macm!iter 

samples in a similar Mania to automated replication of the manual processes run by a central 

laboratory. In an integrated infrastructure, information can be whelks:sly transmit from an assay 

15 	device to a database which amalgams data front the device with stored data from disparate databases 

(patient recent, genetic or genornie information, data from clinical trials) into a central database. The 

system can then allow for the automatic application of mathematics to the database in the context of 

the patbophysiology of a given disorder. For example, a healthcare system can be used to rapidly 

Improve the label of key drugs through adaptive clinical studies which can generate publianions for 

20 	label expansions for new indications, placed subpopulations, and for ameliorating safety concerns. 

1002131In an embodiment of the inversion, a healthcare system can be utilized for home, real-time 

blood monitoring has significant implications which allow us to collect information which cannot be 

seen using the conventional blood testing infrastructure. 

1002141Fig. 11 illustrates an exemplary embodiment of a system of the invention. Real-time 

25 	acquisition of subject data can be accomplished using a point-of-care device, The point-of-care 

device can acquire, store, and/or manage information based upon a specific disease or compoud. 

TM point-of-care device may also be in comrauniatlion with the user rw a congener or system 

belonging to the Ma. A point-of-care environment in this example can be the home or the clinic. 

Also illustrated in Fig. II is transmitting information in real-time from the point-of-care device to a 

30 	saver at system that is capable of convening the information or data to a physiologically relevant 

context. This can be accomplished by transferring the infinitude° to a database or a plurality of 

databases. The databases 01111 be on a server or a plurality of servers. In on embodiment, a centralized 

database repository is used lo as 	the data and return the data lo an end user in a physiologically 

relevant context. The data am be returned and, in the example of Fig. I I, information, such as 

35 	clinically relevant and actionable information, can he returned to a user through browser-based 
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software implications. The information could be usal for adaptive clinical Uials and publications if 

the end user is a medical researcher or pharmaceutical company. 

1002151A system of the Invention comprising a point-oroare device in communication with a 

healthcare system may not require the transfer of murales, such as inuisportation to a laboratory. 

5 	which in turn, can improve the integrity of a sample. Defection of au anolyte in a system on nxnad 

of the invention can be provided in real-time at the point-of-arm. Real-time detection integrated 

with a heahheare CMS database system can allow for the creation of complex longitudinal data 

series samba' by an immune/ ay device. 

1002161Fig. 12 demonstrates an exemplary system of the invention, wherein a health care operating 

10 	system comprises data infrastructure, models and algorithms, and software applications. The data 

infrastructure can be used by a pharmaceutical company for clinical oriels across an at 

pbarrnmentical pipeline. A model or algorithm of the health we operating system an comprise. for 

example, predictive and dynamic. multivariate, multi-dimensional models that can be cemented for 

program-specific objectives and that can map disease progression and regression. A system can be 

15 	integrated with back-end algorithms, models, and data in the data infiastructure. For example, a 

system earl transmit individualized COldthl to users on device touch-screens or mobile phones. The 

feedback may assist with behavior modification and increase compliance with therapy. The 

algorithms described herein enable correlalion of blood data to efficacy dynamics profiles, behavior, 

lifestyle, diet and side effects. 

20 	1002171Cootent can be based on data for paint classes. which recognize physiological and 

psychological pt is-dispositions as well as load socio-envitotimental influenew. hi another 

embodiment, a system au link uses through social networks, whae success stories compound 

through the combination of each tailored home health system with a given therapy. 

108218121m health cape ope stung system can i1110111C1 at the point-ofrare with consumer systems, 

25 	such as an assay caruidge, en assay resoling device, or a mobile device such as a cell phone:Die 

field units inn be Integrated with point-of-care home and mobile tamitcsing systems. Field units can 

be remote, portable patient are systems and can provide oneite, real-nine, automatic processing of 

cartridges for blood analysis. In some instances, field units comprise a user intaface, allowing 

patient to initiate assays and mraltically enter a variety of relevant information, such as: patient 

30 	diaries, environmental, behavioral, and psychological information, nod two-way con ummication 

system from the instruments to medical pall/111d or mobile phones and back to patients with 

relevant axial, messages, and health information. hi some instances, blood and envirommuld data 

is automatically (for example, wireiessly) transmitted into models in real time. 

1002191 As described herein, a health care operating system an comprise information integration 

35 	and exploitation infrastructure that permits, for example without limiudion: data acquisition and 

storage of point-of-cue results In rad time, integration of blood parameters and Tunics diary data 
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with all other physiologically relevant Information. and a central matlienunical software ;impact 

The central rrwlln martial 9DOWIIIe promote can graphically visualize, help to interpret, and analps 

all data in one place and link any new information into a disease management system that than maps 

the infatuation onto a probability space of clinical outcomes. A health care operating system or a 

	

5 	field unit can provide a graphical display of clinically relevant and actionable information back to 

the health care provider and/or the patient or uses 

1002201Possible applications for a healthcare systais of die invention include, but are not limited to, 

on integrated link 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 

	

10 	controlled point of are whole blood monitoring systems), and identification or correlations to 

efficacy of key compounds dining clinical studies. 

100221) In an embodiment. a system can provide a graphical portrayal of integration of available 

data acts to a user. 

100222)In another embodiment, a system of the invention can generate dais that may serve as 

	

15 	bilteriall data in future studies. A system am be customized according a the needs of a user, for 

example, extracting relevant information from a pharmaceutical company's existing databases, a 

causal mathematical software program which allows a pharmaceutical company to visually see, 

interpret, and analyze all of then dale in a place and is linked to a clinical lid systeau.  

10022311When utilized with clinical trials of pharmaceuticals, a system of the invention can provide 

	

20 	an understanding of compound efficacy, disease progression and patient response that may not be 

possible using the conventional blood testing infrasuucture. 

10027A1A database and a healthcare system can be customized to monitor trends pima° assays ova 

time and their relationship to disease progression aeons different indications while amounting for 

the other relevant variables or biomarkers in the pathophysiology of the disease. The customization 

	

25 	can be designed to automatically incorporate all relevant data for use in mapping disease progression 

across relevant indication and are the foundation of historian data. The unapt and baselines can be 

used in desimiing future studies mid in future studies to extract better information from blood teal 

results and provide early reads on efficacy across different indications. 

10022.51Fig. 13 demonstrates an exemplary database comprising an ontology of biornarkers that are 

	

30 	related some types of medical CO011iii0118. PM example, sepsis as a disease Is categorized its 

pathophysiology and is linked in this ontology to Acute Liver Failure (ALP), Disseminated 

Inuavascular Coagulation (DIC) and die like. Each of these pathologies can be considered a 

aatuellae of sepsis in the mutat. of Ibis ontology_ In this maniple a drug used to treat sepsis is 

Cytorab. In sonic instances, the segiscllaci tan he awaclainul by the spectra of biomarkers as 

	

35 	described in Pig. 13. For example, ALF is characterized by specific patterns of ALT, AST. oar, 
and Alkaline phospitatase. 
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10022611n an aspect of the Invention the methods. devices and systems disclosed herein can 

comprise a healthcare operating system. A healthcaie operating system am comprise a central 

control system for delivery of care to consumer and for an menorah: model for payon; and payers. 

100227110 an embodimcet, a healthcare operating system can provide an early system possibly to 

	

5 	detect the onset of disease. A system can Maher comprise a learning engine that tics to the 

prefaeriCeS ors user or nil insurance provide.  based on drug availability, targeted response rate, Of 

payment stivettlfe. 

2003711A computer system or server of the invention can include a dynamic learning engine, for 

example, as the system or server receives data, the operations of the system or serum can be 

	

to 	updated. A system or serves can also tan in to Inked databases, extracts, and locally More 

(permanently or temporarily) information inn central data repository. 

10022911n another embodiment, a &rankest system can comprise a communications portal for a 

user to communicate an any of luthrmation to the system, such as weight. nicotine consumption, 

food consumption, exercise, and physehiabie variables- 

	

15 	1001101Fm. 14 illusional an example hierarchy of a healtharre operating system of the invention. 

The central operating system has access to a date infrastmeture and 1110Ilitoring devices for obtaining 

subject data. As demonstnnal in the example in Fig. 14. the data Infrastructure can comprise a 

search tool, communication links, analysis of data, and applications. For example, a communicalions 

link can communicate to a consumer, clinician, a liMO. A clinician can use the infoi laden for 

	

20 	simplification ami effectiveness of Iris decision making or as a data/knowledge base background. An 

!IMO could for example receive information of a clinical trial, such as drug efficacy and the coils of 

the drug use. Analysis of Information in the data infraslructure as illustrated in Pig. I4 can illei tide 

generation of a trajectory, Runny logic guidance, collalxnlive filtering prediction. disease maps, and 

data reports for clinical trials or new drug discovery. Examples of applications of a data 

	

25 	infrastructure include reports (public or private), alerts (for example alerts of a user, clinician, 

clinical trial, or a pharmacy), and dynamic, adjustable trial,. 

1002311A bn demonstrated in Pig. 14 is the hierarchy of information received by the exemplary 

operating system from Monitoring devices. tic devices and operating system CC monitor and 

release drugs if necessary. In a omit:able embodiment, the devious monitor anal** in a bodily 

	

30 	Iluid. For example, when monilming blood, the devices may be capable of executing prescription 

blood tests for a clinical or pievesdative setting or evaluate drug systems as demonstrated. 

100232)In an aspect. a system is disclosed that solicits input from the user or his agent (for example, 

a physician) to facilitate a conversation between the subject and his agent about the MIMI of the 

person's health at a time. Examples of input that can be solicited by a system include, but are not 

	

35 	limited to, establishing alert levels, medical notation, act personal notation. The system can acquire 

clinically relevant infonnai ion about a person and place the tam ination in a physiologically- 



reasonable context. examples of clinically relevant alternation include, but are not limited to, age, 

gender, race, medical history, and satanic information. 

1002331ln an embodiment, time dependent data can be representative of overall clinical health or 

response, including a diagnosed disease oondition that requires monitoring. a response profile for a 

S 	particular drug or combination of drags, or abject observed observations of Ws health. 

(002341Caleulated or observed information OW be provided toe user. Exemplar or ow,' iiicintle, 

but are not limited to, a patient, a physician, a clinical monitor for a clinical trial, and other medical 

personnel. 

1002351Information can also be integrated into a central repository for inclusion into, for example, • 

10 	medical record or a clinical dial report. 

[002361Fig. 15 dernonstiates an exemplary syatern of the invention wherein an analysis database can 

receive Information fawn a database containing data from a reader or canridgc database, historical 

databases, a patient databasethet an contain data adored by s patient, and a costa= database. 

Other features of a system of the invention are demonstrated in Fig. 15. The system is capable of 

15 	performing analysis on data received by the system. The analysis as be any method as deathbed 

herein and can include developing or utilizing a disease amp, using simiancs fora statistically 

analysis of information within the system, reports or graphs, and/or a combination of the different 

id both as desathed. 

(00237111g. 15 also illustrates a usa interface that tray be utilized in a system of the invention. 'flit 

20 	user interface can interact with any of the components danonstroted in Mg. 15. In a preferable 

embodiment, the user interface allows a user to interface with the system to determine teat data or 

analysis mammas, such as physiologically relevant infonnal ion. The user interface may be a touch 

screen, monitor, keyboard, mouse, or any other nem that allows a Mr to interact with a system of 

the invention as would be obvious to one skilled in the art. 

25 	l002311lAs shown in Fig. 15, a system can be utilized to manage a reader or pointof-are device. 

This can include management of a cmfridge to be inserted into the reader for incest's ernern of data. 

For example, the system can provide the render a protocol for naming an inummorissay of the 

cartridge. A system of the invention can also provide Information to the reader for calibration of the 

inununoassays Inn On the Oath idgo that We Ma or executed by Ric wader. Reader Inalinginninn can 

SO 	also include information for assigning the render An' the appmpriale rending system for reeding en 

immunoassay from a poiot-oleare cartridge. Reader management can also include COITCCOVC and 

preventive aCnOnS (CAPA), which is an instunnan of integrated and comprehensive compliance 

management An clement of the CAPA approach is an effective and systematic 'processing of coedit)* 

defithencies, nuns red malfunaions with the goal to provide OpplOpnate conaaive actions and 

35 	consiettody prevent a reoccurrence of tionconfortnance situations. The CAM strategy was 

developed by the Food and Drug Administration (FDA) for the inspection of medical products. 
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100239ISystans and methods described herein can be used for pliamiaceutical clinical trials. in 

some instances, the systems and methods accelerate trial timelines by an average of IR months. In 

mute instances, a system or method herein may povide dose-response and efficacy dynamics 

profiles in less than 18 months, less than 15 maths, less than 12 months, lees than 10 months, less 

5 	than 9 months or even less dot 6 months. Real-time phannacoldnetics awl phamacodynsinies may 

providelamer efficacy and more safety bailment*. The methods herein may also decrease the risk 

of toxicity slowing approval or restricting use by shifting dose across: sub-populations, concomitant 

medications, and multiple indications. hi other instances, a system or method herein can improve 

predictive visibility into pathway dynamics. A model as describe can produce porilicriyc insights and 

10 	power strategic decisions. A system can support communications with regulatory authoritira 

intematitmally and am facilitate learn and confirm' strategy fur adaptive clinical trials. 

1002401A system herein can include a data managanent system. 	data management systcn can 

he operated through a plurality of devices or systems, or by a single =Ind saver. An example of 

data management of a system of the invention is shown in Fig. 15. A data manmeeneet system can 

15 	receive input or output from, for example, a point-of-care reader, a database (such as an analysis 

database or n historical database), and a tenninal (such as a user interface). Adm. management 

system can also coal= mirage management, for example. storage of a patient's Individual data or 

storage of infranation related to a particular disease or thug profile. For maniple, if using a system 

andier teethed of the present invention to conduct a clinical trial on an experimental drug, the data 

20 	management and storage mmageinent systems can receive data from the point-of-care from a 

raider, and then store the intonation In databases ter analysis of the data. Both the patient data and 

the analysis data may than be stored for future use of a system. 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 

analysis of rcsuhs of a patient in Phase IU of the clinical trial. As another example, a diabetic 

25 	individual may receive a glucose measurement at an earlier time. which may then he used to 

evaluate the condition of the Individual al a later time folkming another immurement 

EXAMPLE I  

1002411 Prostate canter and antlpinglogateris treatment 

30 	1002421A Phase I or Phase lint clinical trial for treating a subject diapers, will, inpstate cancer with 

an anthangjogenic drug allows for dine adjustments during the Mal. The subject is monitored over a 

course of time during the clinical study. The method of action of the anti-angiogenic ding is to halt 

the growth of blood vessels in and around the tumor, thereby depriving the tumor of adequate blood 

supply. The may induce ischemia and untritional swamis in the tumor, thereby dd,ulking the 

35 tar. 
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1002431After the method of action is determined, discrete clinical outcomes ale chosen by medical 

personnel, such as a physician or clinical monitor. The discrete clinical outcomes chosen in this 

example are complete response (CR), partial response (Pit), non-response (NR), and adverse drug 

reaction (ADR). The ADR related to the anthengiogenic drug is hypertensive em epludopathy in this 

5 	example. 

[002441Six biomadiess representative of the clinical outcome of the subject with prostate max am 

chosen to define the discrete clinical outcomes. The bioniarkers arc PSA, 713S, hIC2, VCAM-t, 

Undothelin- I, and 6-keto-POP.1-a. Using these biomarkers and the corresponding historical data on 

the progression of prostate cancer treatments with anti angionanc drugs as well as data from other 

10 	subjects in the chiliad trial, a cluster analysis is performed. Each discrete clinical outcome is 

assigned to a =trial of one of the clusters. 

100245) Before the subject is treated with the drug, the subject is assigned a position in the 

probability space based uponthe subject's data from the relevant biomekers. The probability of the 

subject belonging any of the (thereto clinical outcome classes is determined using the Mahalanobis 

15 	distance, Iran which a probability is calculated using a Bayesian e elinial ion. The mull of this 

calculation returns the four probabilities corresponding to the four clinical outcomes of the example.  

The position of the subject is determined by plotting the four probabilities In the probability space. 

100246111m embank),  space corresponding to four clinical outcomes is graphically displayed as a 

square in two dimensions/Dm user of the model, in this example, medical personnel, establishes 

20 	mules for the medical condition of the subject based the subject data's position and/or trajectory in 

Oro probability space. Arch discrete clinical outcome has a line representing the nde established by 

the medical personnel, as shown by the dashed lines in Fig. 16. When the subject musses the dotted 

line towards the CR or PR conditions, the subject is substantially free of ADR and has itnproved 

his/her prognosis. 

25 	1002471In Pig. 16, the tmjectories of two digerati subjects are plotted. Subject I has a trejectory 

that Pans In the middle of the probability space and then heads towards the AlXt audition. In this 

example, the medical personnel may notice the trajasory's speed or acceleration and intervene In 

the treatment. What Subject l's ithjectory mosses the dotted line towards the AUK condition, an 

slam is activated. The medical personnel reset accordingly. 

30 	10024SISubject 2 has a trajectory that heeds towards die NR condition. The dose oldie anti-

angiogenic thug treatment is adjusted corresponding to the rules established by the medical 

personnel. Aga the adjustment of the dose. the trajectory heading changes toy/ants the Pit 

condition. The example illustrates a method and antiodiment of the invention for monitoring a 

clinical nisi_ 

35 

EXAMPLE 2 
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1002491 Sepsis and Anti-TNI" treatment 

10025411Subjects with confirmed or suspected sepsis or systolic inflammatory response syndrome 

(SIRS) me treated with an ang-TNF thesupeutio during a Phase Ilb (Jose adjustment allowed) or a 

Phase Ill (no dose adjustment allowed) clinical trial. The subject is monitored ova a come of time 

	

5 	during the clinical study. The method of action of the anti-TNP drug is mai-inflammatory. lbe drug 

is aimed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNF 

dntg is given iu ooMunction with a broad spetinun ant ibkitic. 

1002511 After the method of action is determined, discrete clinical outcomes are chosen by a 

physician. The discrete clinical outcomes chosen in this example are response (R), non-response 

	

10 	(NR), and four scqueliae (disseminated inuavascular coagulation (DIC), acute respiratory distress 

syndrome (ARDS), acute liver Algae (ALP), and acute renal failure (ARP)) 

1002521Twenty biomarkess representative of the medical condition of the subject with confirmed or 

suspxtal sepsis arc chosen to define the discrete clinical outcomes. In this example, the biornarkers 

fall into multiple categories to monitor the different discrete clinical outcomes as defined by the 

	

15 	physician. Liporindein Binding Protein (1.3P) bit-markers measure infectious growth and the R and 

NA conditions. The LAP bioniarkers arc LBP, 714f, CRP, 11,-6, and IL-8. Itionsukent that are 

relevant to the MC condition are von Willebrand's &dor. Protein C. thrombin, procalcitonin, 

neoptain, and PAP-I. The bionuirkas of the ARDS condition are von Willebrants factor, IL-6, IL-

8, 11.-1, and TNF. The birimadons of Ile ALF condition am ALT, AST, GOT, Lull, Alkaline 

	

20 	phophatase, bilirubin. and Protein C. The bioniarkers of die ARF condition are Creatinine and 

Cystin C. 

1002531Using the biermarIcas described ill this example and the corresponding historical data on the 

progression of sepals and die treatment of sepsis with anti:INPIliaapailics as well as (Iota hum 

other subjects in die clinical Mal, a cluster analysis is performed. Each discrete clinical. outcome is 

	

25 	waltilled to a ccmroid of one of die clusters. 

1002541Before time subject is treated with the drug, the subject is assigned a position in the 

probability apace basal upon the subject's data from the twenty biomorkers. The probability of the 

subject belonging to any of the discrete clinical oulconte classes is determined using the 

hfithalanobis distance, from which a probability is calculated using a Bar:shin estimation. The result 

	

30 	of this calculation schuss six probabilities corresponding to the six clinical outcomes of the 

example. lie position of the subject is determined by plotting lbe six probabilities in the probability 

space. 

1002551The probability space coin:spending to the six discrete clintral outcomes is graphically 

displayed as a hexagon in two dimensions. The physician establishes rube. backing uonaospoasive 

	

35 	subjects and possible advent of sometime. The rules arc plotted on the hexagonal graph as lines as 

-38- 



illustrate in Fig. 17. The medical condition of the subject is bused die subject data's position and/or 

trajectory in the probability space. 

10025611n Fig. 17, the trajectories of two differed subjects ate plotted. Subject 1 has a trajectory 

that inns with a high probability of being a member of the DIC condition. However, as the 

5 	subsequent time points are taken, the nitrite( uajeclory moves away flan the DIC condition mid 

towards the NR condition. When the physician notion We trajectory's speed and hauling, at 'I' e 6, 

he raises the dose. Al T w 9, the subject's position in the probability space has a Wgh probability of 

being pad of the R condition. The physician assesses One medical condition of die subject at any 

point in time along the subject's trajectory. 

10 	1001571Subject 2 has a utnectory that begins in the middle of the probability apace and heads 

towards the NR condition at T e  I. However, at T w 2, the subject's position arid trajectory are ht 

violation of lire rule established by the physician and an alarm is sounded. The alarm alerts die 

physician that the subject has a high probability of suffering from one of the dangerous clinical 

outcomes of sepsis. 

15 

EXAMPLE 3 

1002501 Diabetes and Insulin Sensitized.* 

1002.591Subjects with non insulin dependenerype 2 diabetes are treated with a cotnntercially 

available insulin sensitizes and arc monitored for efficacy and safely whetein the primary ADR of 

20 	concern is congestive bean failure (CHF). Tbe subject is monitored over a course of time during die 

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 pa inherel 'issues and 

thus reduce the circulating glyccmia. 

15 	1002601 A subject and a physician choose the best set of discrete clinical outcomes and rides for the 

subject based on personal information. The discrete clinical outcomes arc response, (R), non-

response (NR), and adverse drug reaction (ADR). The APR is congestive heart failure. 

1002611After the duce clinical outvote« are chosen, biotnarken most representative of the medical 

condition of the subject ere demnined by discriminant analysis. The biomarken representative of 

30 	efficacy of the insulin sensitivity treatment are glucose, insulin, adiponecrin, and resistin. The ADit 

of congestive bean failure identifies the representative blomarketa as Brain mthiumlie peptide 

(IMP), amiss-tertnimil-pro-IINP (N-BNP), atrial tunriureic factor (ANF). IL-I F. Doponin-C. 

Cardiac fatty acid binding protein, Myosin light ebain-1, Myoglobin, MMI'-9. Using these 

bionarkera and the corresponding historical data on the type 2 diabetes, a cluster analysis is 

35 	performed. Each discrete clinical outcome is assigned to a centroid of one of die clusters. 
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1002621 Before the subject is treated with an insulin sensitizer, the subject is assigned a position in 

the probability apace based upon the subject's data from the relevant biomarkers. Tito probability of 

the subjeta belonging any of the discrete clinical outcome classes is der ennined using the 

Mahalanobis distance, from which a probability is calculated using a Damian estimation. The result 

5 	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 

amiability apace. 

1002631The probability space corresponding w three clinical outcomes is graphically displayed as a 

triangle In two dimensions. The physician and subject establish rules most important to the 

10 	individual diabetic subject. The rules arc to track Uno NR and ADR conditional. When the probability 

of belonging to the ADR condition class hummers beyond a boundary defined by die role, an slams 

is triggered. The dose is increased acconling to a rule when the subject has a high amiability of 

being a NR. 

1002641In Fig. 18, the trajectories of two different subjects are plotted. Subject I has a trajectory 

15 	that starts in the middle of the probability space and then heads towards the ADR condition. In this 

example, the subject nay notice t►e trajectory's speed or acceleration and ark the physician if a 

change in treatment is necessary. When Subject I's trajectory crosses the dotted lice towards the 

ADR condition, an alarm is triggered. Die subject may react by going to the hospital. 

1002651Subjeti 2 has a trajectory that beetle towards the Nit condition. The dose of the insulin 

20 	sensitizer is adjusted corresponding to the rules established by the physician and the subject. After 

the adjustment of the dace die trajectory heading changes towards the R condition. 'the example 

illustrates a method of the invention for monitoring a diabetic subject taking a commercial insulin 

sensitizer and, with the help of e physician, snookering the sulsjectia own condition at hone. 

23 	 EXAMPLE 4 

1002661Graphical Representation of the (Mahal Outcome of a Subject 

(0026711be example darimatmies a method for warmunication of the results from the 

mathematical model Its a user. 7Le method is to plot a series of points and vectors in a space 

hounded by a polygon The vertices of the polygon represent the cagroids of clusters of discrete 

30 	clinical outcomes. The position of the points represents the probability that tiro subject data belongs 

to each centioid. The probability of the point belonging In the discrete clinical outcome is inversely 

proportional to the distance of that point from the vertex. Since the vertices represent all the 

significant clinical outcomes, thc sum of the probabilities for a given point toast be I. 

1(102681A act of vectors is created where each value of a vector !epitome the probability of 

35 	seienberabip its each of the clusters. 'lbw nunkslos (magnitude) of the %utiles is the probability and the 
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argument (angle) of the vector points ton vertex, which are equally spaced. 'the vectots are sunned 

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

Table I 

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 10 20 

6 60 l0 10 to 10 

7 80 10 5 5 0 

It 100 0 0 0 0 

5 	1002691for example, in Table 1, each row represents the position of one point. The columns, 

labeled at the top, represent the probability that the point is a member of that cluster. So, in We find 

row, the probability that the point is in cluster "R" is 20%, that it is in the chaster "NR" is also 20%, 

and so on. 

(00210] For the data in the table a graphical mpreseniation is created as illustrated in Pig. 19. We sex 

10 	that the surrounding polygon has five venices, each labeled as one of the columns in the tabular dela 

above. 'I he rust point of the set, al the tail of the chain of IIIMWS, is at the center of One drawing, 

inilicanng Ilmt the pereemage probability that the point is in any of the clusters is the same as the 

othrrs. In this emu nple, as the trajectory grows through time, the probability of the subject data 
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reaches a final point that has 100 pa cent chance of being in cluster "R" and zoni pa cent cams, of 

being elsewhere. Correspondingly, the final point is at the "R" vertex. 

1002711Additional information can be included in the output of the probability space, including the 

points representing the data of the discrete clinical outcomes that defined the clusters and can aids. 

5 	Fig. 20 Illustrates a graphical representation of the cluster data points. 

EXAMPLE 5 

100272)Drug development is an extremely risky pmposition. Ova the last decade, the failure rates 

for clinical prograns have been identified as high 90% with an amortised cost of nearly one billion 

10 	dollars pa approved drug. These failures are due to any number of factors. These include, but are 

not limited to: a faulty hypothesis as to a terget's role In the evohrtion and paillophysiology of the 

disease•, the testing of that hypothesis in an inappropriate, end non-predictive, animal model; a faulty 

hypothesis regarding a compound'. MOA; inappropriate dosing schedules for individuals within 

target subpopubtions, including inappropriate phannacokinetics/pharmacodriamies (PK/PD) 

15 	characteristics; and developing untoward physiological effects (for example. Adverse Drug 

Reactions ADRs) in sonic segments of the pat but pandatitm and than (11X% lairlg the therapialtio 

index for the compound in that population. 

10027311113 example demonstrates using a Type 1 bionnuka fora compound within a particular 

thaupeutic area to: (a) validate the underlying hypothesis regarding the method of action for the tat 

20 	compound; (b) Identify, and then enrich, the appropriate responder subpopulation in a confirmatory 

it MI; and (c) develop a truly adaptive dosing protocol based on the individual FICs and POs of the 

responder population. 

1002741A real-time monitoring system is used identify the emergence of these chinacteristie 

subpopidatione earlier rather than later, to efficiently manage and control the clinical trial and allows 

25 	the clinical research team lake precise decisions regarding trial management. On a patient by 

patient basis, It dynamically identifies the compottud's effects in one particular trial subject, and 

then physically tinting that patient's dosing regimen to aceorrunodate a truly adaptive "Lean and 

Contour" model of drug development. 

10027511mmituditud sampling of proteins is rcrlimnrd with each patient, wherein the proteins 

30 	represent both the mohophysiology of the disease nut rbc method of action of the compound. A 

standard cluster analysis is applied at each sample time point In the longitudinal sampling space Out 

is consistent with the evolutionary dynamics of the palliophysiology of the disease, and the 

purported method of action and PD of the lest compound. 

10027411dentification of the dynamics of die anergence of separate takpopulations within the trial 

35 	sample population can be performed with two complementary clustering statistics: Cubic Clustering 
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Criterion (ccc) and the Pseudo-F which help the end-usa establish the number of clusters 

emerging within the geometry as deinowanual in Fig. 21. 

(00277111w end-usa uses both the stannic, highlighted above ands visual inspection of the cluster 

scatter plots to make the final determination as to how many distinct eublmMdati0tu exist  in the 

	

5 	clinical study. Guiding this determination will be a fore-knowledge of the number of treatment 

(Muni) nom and any fore-knowledge as to the chant/stet of a possible ADR. The methodology 

will suggest a number of clusters to the and user, and will then prmeut each patient as to histher 

cluster assignment. The cluster assignment and the known arosiveneut eta patient toe treatment 

cohort or ADR outcome are then used standard essimiment statistics to calculate both the sensitivity 

	

10 	and specificity of the assignment Mk. 

100278) Alta determining that the eludes are reasonably specific, the dynamic trajectories of the 

centands of each cluster are dunacterized, their separation speed, and the distribution of speed and 

directions of each patient in each cluster. If, for example, one cluster of patients is fairly 

homogeneous in that they were all exposed to the compointd at a given dose, and if the distribution 

	

15 	of distances, speeds, and directions, suggest that some may be slow responders, then the end user 

may decide that those patients should receive a higher dose. 

1002791Based on the asammtions developed herein, In silica populations of virtual patients arc 

created for each hypothetical patient subclass. A time ilependat Monte Carlo simulation is net to 

idatify the emergent Meatus. After the simulation is nil', a new set of mean vectors and covariance 

	

2n 	nuunturce is established and the simulation studies are repeated. The sensitivity and specificity of the 

clustering assignment ale for each dynamic is measured and graphically plot as a receiver operator 

curve, wherein the diagnostic satiable will be the time at which the clusters were suggested. 

1002801Resukt of emergent dynamics by Monte Carlo simulation of the described methods 

described in this example and results in the following emergent dynamics as shown in Fig. 21. Fig. 

	

25 	21 danonsetatcs a dynamic subpopubition rim/game based on cluster analysis of a Monte Carlo 

stimulation of a two-whoa clinical design. At Tine 4 there is significant evidence fur the 

emergence of two destine while by Time - 8 the bifismation is complete and the easitivity mid 

specificity of the method are both 100%. Fig. 22 demonstrates plots of the cluster calling statistics 

versus the hypothetical number of clusters at lime s. 4. Fig. 23 illustrates markers of clinical effect 

	

30 	with the segregation of the marker space as a function of Jose at the mid point of a clinical study. 

EXAMPLE 6 

10028111dentlikation of type I blemarkers indicative of periodic dosing regimes 

1002821periodic dosing, its a therapeutic strategy, is a mainstay poi the umitmem of many chronic 

	

35 	diseases or conditions. Foremost among these are anti cancer chemotherapy mimesis and 

treatments for ainoiromune diseases. Whether therapeutically or in the context of an adaptive 
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clinical trial, the ability to both monitor and el-Jefacinize efficacy and toxicity profiles for a 

panicular dosing regimen in arty given patient provides the clinical professional important 

information regarding the ultimate efficacy of higher dosing strategy. The benefit of such a 

feedback mechanism is that the feedback is timely and represents the meeliatiein of action and 

	

5 	clinical impact of the ammonial. For example, in cancer chemotherapy, the feedback is provided by 

imaging technologies that help quantify tumor burden, which in ninny cases is not timely. 

I 00283111is example charade ixes 11w periodicity of the molecular efficacy measures to Identify 

cads and other manna' of clinical relevance (for example, ineressing refractory response) to 

ftei her aid in clinical decision making. As demonstrated herein a neat-time feedback &wagering 

	

to 	syatmn can amount for the periodicity of the dosing regimen and characterizes any clinically trends 

in the data. 

(002841Thc system can he a statistically valid and robust mdhodology which dynamically 

characterizes the time-depettf.att profiles of molecular markers of dnig activity in m 

treated patient auhpopulations which that uses that information m a real-tines feedback monitor for 

	

t5 	optimizing the therapeutic regimas 

luozgsrhe protein profiles of a treated population act in accordance with the underlying hypothesis 

regarding a compound's mechanism of action, they should, as a conglomerate pattern, reflect the 

periodicity of the treatment regimen, and lakes, es a whole, act es ■ Type I blemishes for compound 

activity al the site of action. Additionally, if there is evidence that the periodic invasion of these 

	

20 	profile proteins changes with time, the trend of that change allows a clinician to adjust the dosing 

regimen for example in frequency and/or dosage to individualize die than pay. 

1002861Applying a tiro aeries-bused statistical methodology to the longitudinal (within en 

individual patient) protein profiles systanatically acernmis for the periodicity of a given closing 

regimen within an individual patient and using that iuformation to identity and chat sac: izc the 

	

25 	emergence of any clinically relevant trends in the response. This knowledge Lan that he usal to 

built monitor a therapeutic regillial in an individual patient and to design and mirage the dynamics 

of an adaptive clinical trial. 

1002871By developing a valid longitudinal Type I biomarker ler a winpotnid's activity in the 

context of a pa iodic dosing regimen will: (a) validate the underlying hypothesis teganling the 

	

30 	method of action for the lest oranimumb (b) identify potentially relevant clinical conditions 

comprising: growing refractoriness to the compound, target response to the regimen, and that adjust, 

as appropriate, the frequency or dosages of the treatment itself; and (c) develop an adaptive dosing 

protocol based on the Individual 111)s of the responder population 

100288111aing real-limo monitoring and feedback lu identify the emergence of these characteristic 

	

35 	dynamics aids the clinician to make more precise decisions regarding patient treatment and/or trial 

nvinagement. 
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(002891A statistical Time Sates analysis is used to characterize the pet le-dicky or reasonality of 

marker proteins in s patient subjected to periodic treatments similar to those employed in cancer 

chanothaapy, weekly tnethouisdate injections. The system adjusts for the seaserudity of the data 

train as shown in Fig. 24 and doirands the responses as necessity, a one or two lag daterencing 

	

5 	scheme as applied to Autoregressive Integrated moving Average (ARIMA) Models, to characterize 

the acted response profile of the patient to the therapy stream. Fig. 24 demonstrates Mina data 

showing the seasonality of two type I biomarkers over time. If two or more proteins markers arc 

Identified as markers. any temporal relationships between diem (for example without limitation, the 

levels of drug in the blood andior clinical readout) cat be identified and characterised using 

	

10 	Distributed Lags analysis in the same modeling mitten. Each analysis depends on explicit 

characterization of the time-thne correlations observed in the lime series, the Autocorrelation 

Function (ACE) and its related Partial Auuseorrelation Function (PACF)). Each of these functions 

can be represented as a vector of correlations which are finctionally dependent on the lag between 

measures. The functions can be used to identity linear trends in the data, periodicity in the data, and 

	

15 	nonlinear curvature dynamics in the data. The functions themselves an be visualised for inspection 

using histograms called correlograuss. Onns the data is de-trended and the periodicity accounted fin, 

the individual spikes in the marker profiles are analyzed to see if the sompraud is winkingea 

needed. 

(0029017ln first step involved in developing this methodology Is identifying those proteins that best 

	

20 	represent both the pathophysiolopy of the Ream and doe purported method of action of the 

compound. Once established, these protein are sampled longitudinally in arch patient. 

i002911 Based upon the expected seasonality of the treatment regimen end the frequency of the 

therapeutic dosages, an appropriate sampling frequency is established to ensure that the suspected 

periodic expression of the marker proteins will be captured in the sample data sets. 

	

25 	(002921The system automatically generates and inspnts difference time 111S103 with 0, I, or two lag 

differences comprising ARIMA (0,0,0), AIWA (0,1,0), and ARIMA (0,2,0) models and compares 

diem to the ben fit through Root Mean Square Enos, thus appropriately de-trending the data to 

make the series stationary. Once a stationary series Ins been established, the destrarding parameters 

comprising the slope of a linear trend line is estimated from the data, and an ACT' and PACF for the 

	

30 	stationary sales is genemial. 

1002931Any periodic expression patterns arc identified and characterized as the period of the peeks 

and their subsequent amplitudes. An example of this is shown in Fig. 25 demonstrating a lime sales 

of a biotnarker value versus the time of chemotherapy delivery. 

1002941When multiple lime series me involved comprising two or more protein markers andfor 

	

35 	levels of compounds in the blood, a distributed lags analysis is perfumed to 'eternity awl 

characterize the correlations between the series and their lags. The methodology identifies the 
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dymmies of the emergence of protein marker wave trains and to relate Mae back to clinically 

MOM* CWODIS atWor the dosing schedule of the regimen. 

(002951A Monte Carlo simulation o (the methods described above Ming four lime suits were 

generated using a stationary time series, a time series with linearly increasing slope, a time series 

5 	with exponentially decreasing affect to mimic patient-drug mlenualion, and a stationary time series 

with linearly (tem ratting peaks, to model patient-dig adaptation or up-regulation of metabolic 

pathways. 

EXAMPLE 7 

in 	 to Fever Spike and sepsis from time series measurements of Levels of Circulating 

Pyrogens and other Mornorkers. 

100297IA patient with Acute Myeloid Leukemia (AML) undergoing in-patient chemotherapy was 

monitored using the malteds and system described lade with sampling of blood every four to 

eight hours. The patient's temperature was also monitored frequently. 11,6 elevation (> 1000-fold 

15 	between consecutive ineasurernents) was rotas] at nine designated mo in Table 2 and • significant 

decline >30 % between COtitaalliatt menurtateets 14 hours later. Fever was fust noted eight hours 

Iota. The methods herein would have anticipated the subsequent recognition of sepsis by 8 hours. 

Table 2 

Time, boars 	 Evad 

0.0 	First devation of 1L4 

3.4 	First fever 

14.3 	Significant decline in prolein-C 

22.3 	Septic shock 

27.2 	Patient admitted to 

2n 	10029811 he van.= identifies the relationship between the time to a fever spike dining aggressive 

chemotherapy of leukemia resulting in fever and dramatically changed levels of intent:ming matrices 

(Protein.C, IL-6, II-I beta, TNF.alpita,11.40). 'Ibis is performed by employing standard statistical 

modeling methodologies. The system can be generalized to other situations where sepsis occurs. It 

can also be employed fur other situations where sigoificant disease processes and outcome of 

25 	therapy can be beneficially projected. 

11102991Scienee and engineering often involve using envy.to-ineasine variables, called factors or 

independent variable factors to explain or predict the behavior of other variables, called responses. 

What the factors are few in nmber, not significantly redundant (non-collinear), and have n well-

defined, functional relationship to the responses, one can use multiple linear regression to 
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characterize that relationship. However, if any of these three pm-conditions should fail, multiple 

linear icgratsion may prove to be inefficient or statistically inapproptlate In that Case, one may 

employ an altemetive model building strategy lamed Partial Least Scenes Regression. 	is 

methodology is particularly useful when these am many factors that might be highly co-linear, and 

5 	when the relationship between independent variable factors and dependent variable response is ill-

defined. lie sun of lids type of analysis Is to construct a good predictive model. 

1003001Anficipating the lime ton Fever Spike based on statistical rootlets using levels of sem al 

circulating pyrogetw. Fig. 26 demonsuates the relationship between panmeters computed from 

circulating pyrogen levels IliCaStil ell over time andror and the time-to-spike (also labeled Lad 

10 	Time). The ale of change and shape of the parametas ova time is determined by the incidence, 

tune of Infection, extent of infection, numbers of apothem, vintlence of the oi gardens, and the 

condition and genetic make-up of the patient. The activation thirabold is the point at which the 

body physiology begins to generate a fever spike. line detection threshold is a parameter level al 

which some therapeutic intervention is indicated. lta system determines the relationship between 

IS 	the pyrogen levels and the dependent variable in the model, Lead Time, enabling prediction of fever 

spike early enough to intervene with beneficial outcome. 

10030111his method and data provides enables anticipation of the time patients are most likely to 

experience a fever spike. The physician can that preempt and/or ameliorate the onset of the fever 

event, for example by providing prophylactic antibiotic therapy. 

20 	100302111w treatment of patients with Acute Myelogetrous Leukemia (AML) is used as an 

exemplary case. Such patients are often treated with a course of induction chemotherapy (in-patient 

chemotherapy typically using MOM than one drug and intended to eliminate all cancer cells). An 

undesired side-effect of the induction chemotherapy is usually febrile ricutropeeia. This taxers 

because infectious microorganisms can invade the patient due to the imaivalion of active immunity 

25 	by the chemotherapy. The definition of febrile nadropenia Is the fever spike, &clinician defined 

state in which the patient's temperature measures greater than 39 degrees Celsius or in a six hour 

period two consecutive patient temperatures tumoral greater tan 38.5 degrees Celsius. 

10113031 Fever, es a defense mechanism results from the effects excited on the hypothalamus by 

circulating eytokines, called pyrogens. These cytokince emerge from the romaine system during an 

30 	'eliminatory,  response. The best {mown of these arc 	beta, and TNF-alpha. The purpose 

of this example is to identify a pallet, of circulating pymgene leading up to a fever spike, rant from 

than, build a model that best anticipates the time-toapike. 

1003041Th° methods developed in the studies may be generalized to gala ate a monitoring means in 

other high-risk disease states and therapeutic procedures. 

35 	ift03051111re system builds a statist kal model chatrocierizing the relationship between the time-to- 

spike std the circulating levels for two pedicure provers, IL-6 and IL-I beta. 	system, while 
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indepcndan of measurement MC4111.5, require frequent sampling In the period prior ID the fever spike 

(anywhere from 3 to 6 measures per day). 

I003061The first step involved in developing the methodology nxprinsa one dynamo i rat kin of fever 

in well defined categories and to identify, as closely as possible, the time of the first fever event. 

	

5 	'the definition chosen was that either the patient's temperature measures greater than 39 degrees 

Celsius Or in a six hour period or two consecutive temperatures nrc mooted greater than 31.5 

degrees Celsius. 

10030/1Individual patient data for the circulating levels of lb-6. IL-i beta, and 'INF-alplm and other 

biomarkers were recorded in a (lambast, based on the sampling interval. The samples in the study (3 

	

10 	moraines per day at 8-hour increments) was subjected to post hoc analysis, and used to populate the 

model. 

100308)Thrse markers were selected basal upon a number of current studies which show that 

patients with Sepsis Syndrome have elevated levels of circulating 1.1-1 beta, IL-6, and THE-alpha 

when competed with critically III panels without sepsis and normal controls (Casey, I. Annals of 

	

15 	Internal Medicine (1993) 119;8:771.778). 

100309111;6 predominately regulate the synthesis of CRP made by the liepstocres (liver) in the 

acute phase reponse. Transcription of CRP is also regulated somewhat by TNP and IL-I. CRP is a 

pentraxin protein which binds to phosphocholine on bacterial cell walls, endogenous cell 

membranes, and apoptotic bodies. Inflammation causal by infection/ sepsis, infinnunatory and 

	

20 	autoimmune disonlem, traumatic injury, and some malignancies, CRP is seen in increased amounts 

making it a =fill biotnarker in monitoring sepsis and infection. CRP production is not affected by 

nanropenia. There is an abundance of literature which focuses on CRP levels during neutiopenic 

fever and in diagnosing the sea ity of febrile incidences. 

(00310) Protein C is anti-coagulant protein that is synthesized in the liver. It plays an important role 

	

25 	in maintaining coagulation homeostasis. Protein C is activated by thrombin into an active protein 

which along with protein S and pbospholipid as cofactors. it cleaves coagulation factors VM mid V 

thus Inhibiting coagulation. Recently, Protein C's anti-inflammatory response have been 

discovered. 

100311IPatients with sepsis and septic shock have Protein C..' depletion which any have a role in the 

	

30 	pathophysiology of sepsis. Improvement was seen in a specific subgroup of patients by 

counteracting Protein C depletion by the addition of Renaud ProteinC. Protein C can be used as a 

biralrolker in  the diagnosis of sepsis in potions and as a therapeutic agent. One study found that 

concentrations of Protein C arc proportionate with severity of neutropenic sepsis al fever onset. 

1003121M) adult leukemia patients receiving chemotherapy were enrolled. Blood samples were 

	

35 	taken every 8 hours prior to (be onset of the fever spike arid then every 6 hours until the end of the 



observation perlocL Biomarker analysis was performed on these samples. Patient sampling of 8 

hours prior to fever spike and 6 hours of fever spike observed. 

P1113131A Partial Least Squares model was constructed based on the pre-spike (36 hour window) 

measures for IL-6,11.1-beta, and '114F-alpha and their sarople-to-sample fold changes. Diva the 

	

5 	data set derived firm this study, a minimal sampling period of 8 hems and a minimal window of 36 

hours pre-spike is sufficient to derive an anticipative model of the time to spike. 

100314)Quantitailve Diornarker concentration data was derived using well known ELLSA 

immunoassay known to measure 1.1_,6, ILI-bets, and TUE alltha. Concentrations measured in 

pg/mL, and sample-to-sample told changes in concentration were recorded and analysed as follows. 

	

10 	0011.4111  —10 ameetthation data were (last visually inspected for Gaussian normalky. Hecanar Ility, 

were log normally distributed the data was transfonnal by calculating the log of the raw data 

manures. Based on these measures, an initial Partial feast Squares regression model was built dint 

included all three prows and their fold changes from sample to sample. This model characterizal 

the amount of variation esconoted for in the covariance structurts of the dcpendaa vectors imes-

to-spike) and the indepeUdOld vectors (pyrogen levels). In this data set there were more 11X1CpCndent 

variables than degrees of freedom. To address the problem, standard statistical modal building tools 

like top-down elimination and bottom-up addition were employed. 

1003161The full model (IL-6, INF-alpha, and IL-Ibeta and their sample to sample clangor) 

accounted for the pavement of the venation in the whole model connotive stnicture and the 

	

20 	percentage of die variance in the dependent variable (time-to-spike). Using feature selection 

processes comprising and not limited to bottom up model building and lop down model building, a 

series of seven sub-moth-4s were developed. 

00317111m chosen model included log(IL-6), log(11.4 beta), log(samplo-to-sample fold change IL-

6), log(INF-alphs), and accounted for 93% of the total model covariance and 27.5% of the variance 

	

23 	in the dependent variable (lime-to-spike). 

(003181"I he model is given by a standrint multiple linear regression equation with the following 

pantrtmln set intercept - 365; log(11.6) w -ILO; log(11, 6 fold change) w 2.4; log(11.4 beta) w -0.3; 

and log(INF-alpha)- 4.4. Each measure is a point -intime measure at the observed lino-to-spike. 

For maniple, 24 hours prior to the fever spike, the log of the concentrations of 1L-6, IL-I beta, and 

	

30 	their sainple-to-sample fold changes from the 30 1101/r time point an added to the model using fitted 

pruamaas, eneaiiog ilie arefficients of the linear moel. 

100319I'llie final model was selected from the seven total sub-models because it accounted for the 

highest level of the percentage of variance in the dependent vector/the final model Included belle 

6), log(11-4 bets), and the logs of their sample-to-sample fold changes as anticipators of 

	

35 	spike. The sins 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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1hnote-spiken36.6-8"log(IL6)+2.4"Leg(146 fold eliange)-0.3*Log(I4I 

he* MA•1ogfItW alpha) 

1003201111m results of the 10 patients were evaluated in Ibis example for their bionmrker patterns in 

the 36 hours prior to fever spikes. The data for each of the pyrogens and their sample-lo-sample fold 

	

5 	changes are in Pigs. 27-32. Fig. 27 is the IL-I beta concentration versus time point number. Fig. 2a 

is the sample-to-sample fold change for 11.1-beta versus time point number. Pig. 29 is the IL-6 

ramernuntion versus time point number, wherein patient 4 became septic. Pig. 30 is the sample-to-

sample fold clump for IL-6 versus lime point number, wherein patient 4 became septic. Fig. 31 is 

M0114E-alpha concentration versus time point number. Fig. 32 is the sample-lo-sarnple fold change 

	

10 	the 114F-alpha versus time point number. 

plf13211The model anticipated the time-to-spike in all patients and exploinod the percentage of the 

variance observed in the dependent variable. Patient 6 had ATRA syndrome and thus is outside the 

patient population used to construct the model. 

1003221The residual plot for patient 5 Is given in Fig. 33. Patient 5 has a fever spike and no 

	

I5 	decreasing markers. Teammates° in degrees C (right scale) biomnrker coneanrations given in 

pg/mL, wherein 11-6 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 

remittent is no mom than the percentsge of the anticipated time-to-spike, which is anticipated by the 

	

20 	model using the equation I. 

100323] For patient 4, the model anticipates a time-to-spike of 3.3 hours when the actual time-to-

spike was 7 hours, and, at the other extreme, anticipates a lime-to-spike of 31.9 boom when the 

actual time-to-spike was actually 34 bouts an demonstrated in Fig. 34. Patient 4 data points showing 

declassing Protein-C with increasing IL-6 just prior to fever spike. Normalized parameter is the 

	

25 	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 an 

excellent fit to the data measured In patient 4, meaning the residuals are randomly distributed about 

the zero axis, and no residual is water tan 2056 of the anticipated time-to-spike, as derived hem 

equation 1. 

	

30 	1003241in conch:Mon of this example, induction cancer chemotherapy is only one of the wale lying 

etiologies of sepsis. Others include, but are not limited to, severe burn and thermal injury or 

Itaturudic injury. In bum and tratunatie injury, the patient expresses an alteration in the immune 

system resulting in a predominance of the T Helper 2 Lymphocyte phenotype, where the phenotype 

of the helper cell population switches from TM to TM. 'This is termed the MI-1mM switch and 

	

35 	makes the patient more susceptible to the onset of infalion. Fig. 35 is a schematic of the '1111 -to- 

Tb2 switch ant the cytokincs representing each phenotype. Once the patient becomes infected, if 
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the underlying pathogen is identified, the rate and spread of infection can result in a systemic 

inflanunatory response which is called sepsis. If the pathogen is unidentified, the inflanunatory 

response is teemed Systemic Inflammatory Response Syndrome (SIRS). 71nrs, the underlying 

etiology apregress ion to sepsis can be captumd as a process divided into three physiologically 

S 	distinct intervals: Susceptibility to Infection, which is rent-emoted by  the Thilla switch, 

progression through infection, and the onset and progression of sepsis/SIRS. The markers relevant to 

the monitoring of each stage me shower in Table 3. 

Table 3 

Sepals Onset and 

Sequallae 

I. Sepals Onset 

a Protein C.  

b. IL-1bela" 

c. Pee 

d. Procaldlordn 

e. IL-10 

II. DIC 

a. Von Misbrand Factor 

b. ProcalcItonln 

o. Necylenn 

d. TNF-a 

e. Protein C 

L PAF1 

p. (Pro)Thrombin 

III. ARP (Acute Renal Failure) 

a. CreallnIne 

b. Cyan C 

IV. AIDS 

a. Von WIllebrand Factor 

b. IL-6 
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d. 

e. 	(IL-1 receptor aponts9 

f. TNF 

V. ALF (Acute Liver Failure) 

a. ALT 

b. MT 

o. GOT 

d. LOH 

a. Maine phosphates. 

f. Protein C 

g. Wokeratin-18 fragments  

1003251Fig, 36 and Fig. 37 danonstrate that the system uses an equation that is anticipative of 

sepsis using the Squared Maltelanobis distance equation and Dayesian Probability. The Squared 

Mahalanobis Distance is: 

5 	 151(x) t.(p . x)17:-1(pa) where r 1,2, 3 

and the Damian probability is: 

M(x) ertp(-0.10? (s)YEesp(0.5DAx)) 

wherein pis the mean vector representing the centroid of the patient population end) ie the duce 

different outcomes (sepsis, fever, infection). 

to 	1003261180. 38 illustrates a graph in time of a plurality of make proteins fora patient in a sepsis 

gird. The time of die onset to sepsis for this patient is marked and all patients leading up to that 

point are relevant to the determination that this patient braame septic. 

1003271Fig. 39 illustrates a bivariate time course of two particular markers (protein C and 0. 

reactive protein) in the same pinkie. The change in direction In the coder Of the graph represents a 

Is 	rapid onrat of durmast in this example, a patient rapidly deteriorated and wan illustrated as septic In 

a very particular region of the bivariate space. In this trample, the sampling iota vain we fairly 

minder therefore the length of each line segment represents the rate of change of the hi otnarkeri in 

lids panicular space. 

20 
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CLAIMS 

WHAT IS CLAIMED IS: 

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

a. obtaining a first set of subject data from a sample obtained from said subject, said subject 

data comprising at least one biological marker from the subject; 

b. determining the probability of a medical condition of the subject using the first set of 

subject data by constructing a probability space defined by a plurality of discrete clinical outcomes, 

wherein each discrete clinical outcome of said plurality is characterized by a statistical distribution of 

a set of markers, comprising at least one biological marker, and wherein said probability space is 

reflective of a medical condition, medical procedure, therapy, clinical trial, drug discovery, or drug 

development; 

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

d. obtaining the second set of subject data from a sample obtained from the subject, thereby 

characterizing the clinical or medical condition of the subject; and 

e. calculating a trajectory in said probability space based on said first set of subject data and 

said second set of subject data, said trajectory in said probability space being calculated based on 

positions of said subject data within each statistical distribution of said set of markers characterizing 

each of said discrete clinical outcomes, wherein said trajectory is indicative of the likelihood of 

progression of the medical condition of said subject. 

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

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

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

b. obtaining longitudinal subject data corresponding to at least one biomarker in said set to 

obtain a trend of the subject data; 

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

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

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

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

to determine a differencing lag in the underlying model. 

	

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

a stationary trend. 

	

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

function. 

	

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

significant peaks in the autocorrelation function. 

	

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

	

8. 	The method of claim7, wherein the calculating spectral density is performed using a Fast 

Fourier Transform. 

	

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

of the maximum spectral density frequency. 

10. The method of claim 1 for characterizing a clinical or medical condition of a subject, further 

comprising monitoring subject response to therapy, the method further comprising: 

a. obtaining longitudinal subject data corresponding to at least one biomarker in a set of 

biomarkers for a clinically relevant condition to obtain a trend of the subject data, wherein the subject 

data is obtained from a subject receiving a therapy; 

b. monitoring periodicity of the trend; and 

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

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

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

dependent behavior of peak levels of the trend. 

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

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

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