
METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES 

CROSS-REFERENCE 

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

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

BACKGROUND OF THE INVENTION 

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

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

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

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

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

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

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

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

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

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

clinical trial. 

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

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

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

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

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

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

linking that information through customized communication channels so that the desired medical 

actions (adaptive dose ranging, clinical decision making and so forth) can be performed. Also 

desirable is the ability to integrate information from an individual's blood tests with other 

physiologically relevant factors, and present that infonnation in an actionable format. The 

technology described herein satisfies these needs and provides related advantages as well. 

SUMMARY OF THE INVENTION 

[0003a] 	According to an aspect of the present invention, there is provided a method of predicting 

the occurrence of a medical condition that requires medical intervention, the method comprising: 

a. measuring concentrations of a first set of biomarkers present in a biological sample 

obtained from a subject at a given frequency, wherein the first set of biomarkers are suspected to be 

predictive of the medical condition; 
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b. based on the concentrations measured in (a), generating a subset of biomarkers from the 

first set of biomarkers, wherein said subset of biomarkers comprises either or both of i) a subset of 

biomarkers that are more correlative with the occurrence of the medical condition, and ii) a subset of 

biomarkers that are generated from a new frequency of measurement of the biomarkers; and 

c. measuring concentrations of the subset of (b) and/or following the new frequency of 

measurement of one or more biomarkers, thereby predicting the occurrence of the medical 

condition. 

100041 There is also disclosed a medical information system for subject data analysis. The system 

may be particularly useful for advancing the future of blood testing and data analysis. For example, 

the system can be part of an integrated infrastructure built around real-time, point-of-care consumer 

blood monitoring devices which analyze a small blood sample (e.g., 500 ul, 50 ul, 25 ul, 10 ul or 

even less) and wirelessly transmit that information to a database which integrates real-time data with 

stored data from disparate databases (patient record, 
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genetic/ genomic information, data from pivotal trials) into one central repository. The system may then 

allow for the automatic application of multivariate, multidimensional mathematics to the data 

repository to perform specific commands or tasks, e.g., mapping real-time PK/PD dynamically in 

the context of the pathophysiology of a given medical condition. 

[0005] The system can be used to improve the label of key drugs through adaptive clinical studies 

which generate publications for label expansions for new indications, patient subpopulations, and for 

ameliorating safety concerns. The development of such a system for home, real-time blood 

monitoring has significant implications which allow one to collect information which is otherwise 

not available through the use of the conventional laboratory testing. 

10006I 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. 

[0008] 	The processor of the system may calculate the position of said subject data in said probability space 

as a way of assessing the probability of a discrete clinical outcome of said subject. 

[0009] 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. 

100101 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 nterface that 

can remotely access the network. 

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

[0014] The storage unit of the system may store historical reference data of a plurality of subjects in 

relationship to the at least one biological marker. Where desired, the data stored in the storage unit 

are selected from the categories consisting of pathology, anatomy, treatment option, treatment 

outcome, pharmacological parameter, pharmacokinetics parameter, psychological parameter, and 

genomic information. The database can be public, internal. 

[0015] The end user of the medical information system can be a health care provider, including 

without limitation a Health Maintenance Organization (HMO). 

[0016] There is also disclosed a method for characterizing the probability of a clinical outcome of a 

subject. The method comprises the steps of (a) constructing a probability space defined by a set of 

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

biological marker; (b) obtaining subject data corresponding to the at least one 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 is also disclosed a method herein of predicting the occurrence of a medical condition 

that requires medical intervention, the method comprising: (a) measuring concentrations of a first set 

of biomarkers present in a subject and measuring one or more physiological indicators of said 

subject at a given frequency, wherein the first set of biomarkers are suspected to be predictive of the 

medical condition; (b) based on the concentrations measure in (a), generating from the first set a 

subset of biomarkers that are more correlative with the occurrence of the medical condition and/or a 

new frequency of measurement of the biomarkers; and (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. 

[00211 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, 
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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 AR1MA 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. 

[00251 	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 

[00261 	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 

[00271 	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: 

[00281 	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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100291 Fig. 2 illustrates an =ample of the results of a cluster analysis of a clinical outcome. 

(00301 Fig 3 is a flow chan illustrating an exemplary method of assessing a clinical outcome of a 

subject and assigning probabilities thereto. 

100311 Fig. 4 illustrates an example probability space geomebical remesentation. 

5 100321 Fig. 5 illustrates a tmjectory of dela of a subject in a probability space. 

(0033) Fig. 6 is a flow chart illustrating an exemplary method of alerting a user to assess a clinical 

outcome of a subject. 

100341 Fig. 7 danonstrata a method of establishing roles for a probability space of clinical 

enema. 

10 100351 Fig. 8 illustrates a graphical presentation of rules fora probability space. 

100361 Fig. 9 is a flow chart illustrating an exemplary method of implementing a mathanatical 

model to assess a clinical outcome. 

100371 Fig. 10 is n flow chart illustrating an exemplary system comprising a server for 

communicating and processing medical data. 

15 10038) Fig. II illustrates an exemplary crntxxlunent of a system of the invention with real-time 

acquisition of subject data and the transmittal of the inflanriation in real-tine to a server ta system 

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

100391 Fig. 12 demonstrates an exemplary argent of the invention, wherein a health care operating 

system comprises data lohnsinrcime, models and algorithms, and software applications. 

20 100401 Fig. 13 demonstrates an exemplary database comprising an ontology of birmarkess that are 

related some types of medical condition 

(0041) Fig. 14 illustrates the an exemplary hiatarchy of a hadtheans opening system of the 

invention wherein the ceasel operating system baa access to a data infhistructse and mountains 

devices for obtaining subject data. 

25 100421 Fig. IS demonstrates an exemplary sync= of the invention wherein an analysis database can 

receive information from a database containing data from& reader or cartridge database, historical 

databases, a patient database that can contain data entered by a patient, and a customer database. 

100431 Fig. 16 illustrates exemplary trajectories of twosubject* in a probability space representing 

prostate cancer discrete clinical outcomes. 

30 100441 Fig. 17 illustrates exemplary train:tones of two subjects in a probability space representing 

clinical outcomes of a subject developing sepsis. 

(00451 Fig. 18 illustrates exemplary trajectories of two subjects in a probability space representing 

the median condition of diabetic subject using an insulin sensitizer. 

100461 Fig. 19 illustrates a method of graphically representinga trajectory of subject dila la a 

33 probability space in two dimenrJons. 



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. 

10048) Pig. 21 demonstrates a dynamic SUbpopolat ion emergence based on cluster analysis of a 

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

10049) Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical number of 

clusters. 

100501 Fig. 23 illustrates markers of clinical effect with the segregation of the marker space as a 

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

to 101511 Fig. 24 demonstrates patient data showing the seasonality of two type 1 biomarkers over 

time. 

(0052] Fig. 25 demonstrates a time series of a blot/linker value versus the time of cliensaherapy 

delivery. 

100531 Fig. 26 demonstrates the relationship between parameters computed front circulating 

I5 pyrogen levels measured over time and/or and the titne-to-spike. 

100541 Fig. 27 is the 11,1 beta concentration versus time point number. 

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

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

100571 Fig. 30 Is the samplo4o-sample fold change for 11.-6 versus time point number, wherein 

20 patient 4 beanie motto. 

(0oss) Ng. 31 is the Tiff-alpha concentration vase time point number. 

100591 Fig. 32 is the sample4o-sample fold change for 1741P-alpha versus time point number. 

100601 Fig. 33 ilhistrates the residual plot for Patient 5 who has a fever spike and no decreasing 

markers. 

25 (00611 Fig. 34 demonstrates Palest 4 data points showing decreasing Protein-C with bumming IL- 

6 just poor to fewer spike. 

10062) Fig 35 is a schematic of the iti 40412 switch and the crokines reponsaulng each 

phenotype. 

100631 Fig. 36 and Fig 37 demoasbate that the system uses an equation that is anticipative of 

30 sepsis wing the Squared Maholanobis distance moron and Hayman Probability. 

100641 Fig. 38 illustrates a graph in time of a plurality of merlon proteins for a patient in a sepsis 

trial. 

100651 Fig. 39 illustrates a bivnriatc time cause of two particular markers (protein C and C-

reactive protein) in the same patient. 



DETAILED DESCRIPTION OF THE INVENTION 

109661 In eme embodiment, a method is provided herein for claracteriring 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 

5 distribution of at least one biological marker; (b) obtaining subject data coo esponding to the at least 

one biological marker, and (c) calculating the position of said subject data in said probability vac., 

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

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

referred to herein es biome:ices) relevant to a given clinical outcome. In order to improve the 

10 reliability and amen of a mathematical calculation, bierskers are selected based upon 

connive:late entities from data pertaining to a clinical outcome, whether it being. for example, • 

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

determine the most mince biomarkes pertaining to a particular medical clinical outcome. 

100681 le an aspect, a method is provided herein of predicting the occurrence or a medical 

Is condition lbst requires medical intervention, the method comprising: (a) insuring cesseentrations 

of a that set of biome:kers present in a subject and measuring one or more physiological indicators 

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

predictive of the medical windition; (b) based on the concentrations measure in (a), generating from 

first 	 bimetal* that 	correlative with the occurrence of the medical the 	set a subset of 	 ate snore 

20 condition and/or a new frequency of measurement of the biomarkers; and (c) measuring 

coneenstMns of the subset of (b) and/or following the new frequency of measurement of one or 

more biomarkeni, thereby predicting the occurrence of the medical condition. 

100691 Pluralities of discrete clinical outcomes. sometimes referred to as medical outcomes, fora 

specific medical condition me elected in a geometrical manna. A set of values of the biomarkers are 

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

described herein, probabilities of dam assignment to each discrete clinical outcome can be assigned 

to any set of values of observed Nomarken. A probability space can that be ocestructed by plotting 

the probability of any set of Sues of observed biological markers within the geometric space 

defined by the plurality of discrete elhdcal outcomes. 

30 100701 Model beading 

Stances, 	 describes the dynamic 	 ha 100711 In some 	mathematical modeling 	 siate of a system. 	some 

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

drug concentrations and the like over lime. Such equations mite be simple enough to solve in 

closed harm, yielding an algorithmic formula. However, in seine instances, models of human 

35 disease can be too complex to permit a simple closed form solution. III some instances, a solution as 
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described Man can be projecting numerical solutions forward in time, also known as termed 

predictive hicwimulation. 

10072) The objective of clutter analysis is to group observations into clusters such that each cluster 

is as homogeneous as possible with respect to the clustering variables. Any conventional clustering 

5 algorithm may be used to define the &sena set of clinical outcomes based upon the recognized 

biontorken. Besides the Discrtninent Function Analysis, there arc many such algorithms, such as 

"Single Linkage,""Complete Linkage,""IC mums," "Ward's Method," or the "C'enuoid Method." 

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

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

10 SPSS. The clustering algorithms group like objects together, and keep unlike objects in sepande 

groups. 

100731 Multivariate statistics to ids* Claw of similar subjects in a supple population an also 

be applied for building an appropriate model. The techniques currently employed include, but arc 

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

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

Support Vector Machines (SVMs), and Neural Nets. Each is a patter recognition technology using 

multivariate desrnmor vectors, which subjects arc classmates, to more completely manage an 

adaptive clinical trial. 

100741 Other techniques estimating the model parameter space include several conventional 

70 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 

illitntalitt) at each step. The gradient-bused nonlinear optimization method does net have such a 

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

25 parameter estimates. As such it often converges to local minima. Evolutionary algorithms including 

genetic algorithms, evolutionary programming, genetic progouriming and their VAliallIS (Back et al., 

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

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

MOM= discussed above can be composed of ordinary differential equa:ions which calculate the rate 

30 of change of a biological amity over a fixed time segment. That quantification is a function of the 

slate of the system at Ihe 'natant or analysis, um] includes icons for all other entities in the system 

that might affect that rate of change. 

100761 	In many tnatances, as described herein, biological entities of interest are found in blood 

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

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

biological entity's concentration curve in the time domain. 
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[01771 The value of any selected target biological entity at each selected sampling time point can 

be calculated AS well as the rate of change for every entity in the sampling space This can readt in a 

point estimate per biological entity for the derivative in units comprising but not limited toe change 

in concentration per unit time. 

5 (0078) In sonic instances, a method can utilize two point slopes along with a K-point model fitting 

'egression equations thenigh the last K observations, to estimate the find, second, and highs onto.  

derivatives, for example: 

dP(t)(dt - IMO. (other proteins, cells types, etc.), model parameters) 

where P(t) is the concentration of a given protein as a fimetion of time. And where f is function of 

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

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

those relationships, for example congrising production sales and clearance rates. The system can be 

linear or non-linear. 

(0079] An alternate embodiment of the mechanism is a systan of entities where P(t) is n protein 

15 vector 11(t) - (Pi(t),  PAO,— Pg(I)) what N is the amber of proteins chosen to sample, and f(P, etc.) 

becomes a matrix M(Tfit): Know The symem parameters become a vector as p(Iw)). 

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

p(fnt)) characterizes the National euefligients of die matrix M. The system is linear when `does 

not depend on WO or on time. The systan is linear and parametrically time-dependent when p 

20 depends on t, and vanes linearly with time. 

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

can 

(0082) represent the up-regulation or down-regulation in time. The system is represented but is not 

limited by the vector equation: 

25 alloy& - M(D(t); p(n(p)-11(1) 

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

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

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

protein 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. When a third protein nuts on the praludi on of 

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

2. 
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100041 tic equations then best represent the above example io this biosimulatioe systemless 

dPitelt = it,, PAO 

5 d132/sil "` -022P2(0 + II, PA(t) 

dPildt — 	0 

00851 In these exemplary equations, the concentration of Protein 3 is constant and the rate of 

le Protein I prodection is an increasing function of the Protein 2 levels. factored by 0,2 >0. In addition, 

We ICVCIS of Protein 2 WC a function rate Protein 2 is cleared from the system, in This Maq 

proportionally by a factor 1122 =0, and the effects of P5(t) on its production, described by a factor nu  

>0 and is pamneteriud by the vector (pi,. 022  . a,,). My triplet vector me be used in the general 

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

13 this model sines its derivative remains zero. 

1001161 By tramauting Proteins 1 and 3 at each time point in a monitoring period, values for P,(t), 

and P,(t), and estimates for dPricit and dP,/dt are obtained. Pi(t) can then be solved and cosstrain the 

solution set to a parameter vector (0.12 , K2, , Ea which is defined by well defined algebraic 

equations. Estimates of both Pt(t) and r1P2ich derive the state of Lhe constrained system bated on 

20 point estimates as derived from the samples:11ns allows for piMaiins forward in time where a 

model trajectory will lately be at the next sample point, and re-adjustment of the model parameters 

as necessary in a dynamic feedback self-correcting system. 

100871 the selfcorrecting mechanism and feedback system can he implanented in a periodically 

sampled measurement space, and that model refinement and re-parameterization can take place at 

23 eachsample interval. After each application of this self-correcting methodology, the space of 

acceptable parameter vectors should begin to converge to a patient specific vector that projects 

forward in a predictive trajectory. 

10011111 A system that dynamically characterizes patient subpopulations based on the longitudinal 

sampling of pnalictive protein profiles tan use that information as a rype I biomarker to verify to 

30 the researcher scientist that the compound is acting on the target as expected. The mechanism of 

action for that compound can also be researched for whether it is acting as expected. 

Characterization of the dynamic emergence of the subpopulations is based upon their behaviors and 

the protein profiles they &Ail 

100591 hi an example, one population is treated with the teat compound while mother in an 

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

underlying hypothesis as it pertains to the compound's mechanism of action, the protein profiles 
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will, as a conglomerate pattern, act as a Type I biomarker. If individuals within met population 

show considet able variance in both the direction and velocity of the protein profile, adjust mast of 

the doses of the slower population members can occur and the trial protocol can be changed 

accordingly. 

5 100901 A variety of statistical analyses arc applicable far building a probability space or model. Fig. 

I illustrates an exemplary cleunoterization of similaity as measured by the Malutlanobis distance in 

a two-dimensional (multistate) space. The outcome of a discriminant function analysis is typically 

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

diteriminnt analysis in this memler or eimilar magmas am known to those skilled in the art. In this 

10 example, the data from two Independent variables (fa example, biomarkers) are plotted against each 

other. Fads patient in the analysis set is repainted by a single point on the graph. the distance 

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

the Mahalanobis distance and is represented by the ellipses in the Fig. I, wherein the ceutroid can be 

typically defined as the mean sector of all independent measures In the space of interest. The 

15 probability that any particular patient belongs to a cluster depicted herein is inversely proportional to 

time distance from the centruid of the cluster. In this way the Mabalanobis disc 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 metric by assigning pothabilities of class 

assignment for a particular patient based on the variance observed in the underlying clustered data. 

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

101911 le conventional clustering, one typically works from a distance matrix, which lists the 

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

creation of the distance matrix as known to one skilled in the art A triangular matrix of distance, 

among all pairs of patients must be computed. Each of the distances between subject data will be a 

25 Salon of the measured biornmicers. The function would take the form of a sum or weighted sum. 

The distances for a given variable as, in turn, a sum of distances between individual observations 

for that variable. this sum also may be weighted. For example, each cluster of subjects potentially 

represents a discrete clinical outcome. 

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

30 Maholanobis distance, Euclidenn distance, and Manhattan distance. The matrix represents, in a 

statistically rigorous way, the similarity of two multivatinte patterns in a multidimensional space. 

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

100931 Fig. 2 illusuates an exemplary clustering method of defining the discrete clinical outcomes. 

In this example, the centroid method was used to determine multiple cannons of biomarker data 

35 patterns. Each centroid either define s or belongs to a O'Meara set of discrete clinical outcomes based 

upon measured birnuarxer information. In Fig. 2. examples of the chissification of biomarker 
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patterns of a medical condition include a partial responder class, a non-responder class, a complete 

responder clan, and an advase thug reaction class. Every data point is related to a central(' of the 

clan it falls within. The centroid can be set to he the point most representative of the class. 

10041 After the distance matrix has been constructed and discrete clinical outcomes have been 

5 defined by a set of biomarkers, a probability space can he constructed from muhivariate 

thr distributions (for example, clusters) by applying a metric that accounts 	the variance-covariance 

structure of the data. Basal upon the measural distance, a lanbability for class assignment for any 

observed biomarkcr pattern is calculated The calculated probability for any obtained biornarker 

pattern defines the probability space. 

10 100951 Wine desired, a probability measurenxst is carried out by way of a linymian calculation. 

Other method; of adoidallng the probability for clan assignment include, but are not limited to, 

Nelson-Aalen estimation, the ordinary least squares estimation, the weighted least squares 

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

analysis and from the weenie determine the ultimate sensitivity and specificity of the derived rule. 

IS 100961 Fig. 3 illustrates an exemplary method of the invailice of building a mathematical model 

for Ramming a medical condition. Based epee prior Miaow of a medical condition, a user (for 

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

compound or thug's method of action, samithr off target Mennen effects are then utilized to help 

define the 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 arc illustrated in Fig. 4. Each number represaus a different 

clinical outcome. 

100991 flicanarkers that arc most relevant to the clinical outcomes of a give medical condition are 

identified using multivariate discriminant analysis. Data from the cet of biOltainell are classified 

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

100991 After the data sets are classified by cluster analysis and/or discrimlnara fillICS10111 analysis 

and identified as clinical outcomeit, the asnimid location of a clinical outcome is determined. For 

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

reference clinical outcome is assessed. 

30 10 ii i 00i When data from an individual subject is obtained corresponding to at least one biomarker, 

the data is input into the mathematical mate' and its geometric) position Within the probability 

space is determined. A distance mini is is alien used to determine the position of the subject data with 

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

Mahalanobis distance. For the subject data, the model obtains a distance metric corresponding to 

35 each discrete clinical outcome. 
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1001011A statistical estimation method is used to convert the plurality of distance metrics into a 

plurality of probabilities thr the subject data. Earth probability of the plurality of ptobabilitiov 

corresponds to a discrete clinical outcome. In an embodiment, the statistical estimation is a Bayesian 

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

5 georneuic probability space, such as the one illustrated in Fig. 4. The position of the subject data 

within the probability Tact is an n.wevaitent of the medical condition of the subjecL 

10010211tules can be assigned by the user (for example, medical personnel) to may point in the 

probability space. The rules tnay guide the user in understanding the subject's current medical 

condition and guide the use in selecting a course of action. 

10 1001031The methods described herein can be perfomied at any point in time during observation of 

the subject. Sult ect data can be obtained at various time points. The position of the subject data in 

the probability space can then be calculated using the oath anatical methods described herein. The 

steps of obtaining and calculating the position of subject data in a probability space can be repeated 

to yield a trajectory within a probability space, wherein said trajectory is indicative of a ilium series 

15 of the assessed clinical outcomes. 

1001041Trajectory 

1001051 As a medical condition progresses, a subject is typically monitored by medical pentomml. 

Monitoring can he preformed by conning a series of tests. As testing methods and devices, such as 

pond-of-care micro(' niche devices, become more reliable and accessible, data from the patient can 

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

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

sequentially with nu specific reference to time. The system does not require that the time or 

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

1001061ln some embodiments, the tins aeries et obtaining subject data is at least 6, 24, 48, 72, or 96 

25 hours. In abet embeclimenis, the time sales an be at lean 7, 30, 60, 90, 180, a mete days. The 

time series Call also be over a series of years. 

1001071'11e longitudinal data provides valuable Insight Mb the progression of a medical aindiden 

or treatment. However, as the number of tested Items incases, the complexity of analyzing the 

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

30 about a medical condition or treatmesit. 

(00108I'lhe longitudinal data Baptised hum a subject cube 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 terminal point. A vector's components can relate to a geographical 

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

35 vectors extensively to locate objects and to determine the direction of movement of aircraft and 

watercraft. 



[001091Physics and engineering fields ant probably the most common users of vector analysis and 

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

objects include equations of motion SSW location, velocity, direction, and acceleration; center 

of gravity; moments of elia; forces such es friction, dram, and stain; electromagnetic and 

5 gravitational fields. 

1001101 Velocity, the lime rate of change in position, is the combination of speed (vector length) and 

bearing (vector direction). Acceleration is another common vector quantity, which is the time rate of 

change of the velocity. Both velocity and acceleration are obtained through vedo aratlysis, which is 

the mathematical determination of a vector's properties and/or behaviors 

10 1081111Vecior analysis of longitudinal subject data pertaining to a medical audition can be used to 

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

1001121For =unpin dm monad condition for the illaVidUld can be observed by plotting biomarker 

data for the individual. The stable, normal condition will be a located in one portion of the graph. 

1081131 The individuals normal condition may be disturbed by the administration of a 

15 pharmaceutical or a change in medical condition. Under the effect of the administered 

pharmaceutical. the individuals normal condition will become unstable and move from its original 

position in the graph toe new position in the graph. When the administration of a pharmaceutical is 

stopped, or the effect of the pbmtnacartical ends, the individual% normal condition may be disturbed 

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

20 administration of a pharmaceutical is stopped, a the effect of the pharunceutiad ends, the 

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

planr.aceutical was administered or to a new or tertiary position that is different from both the 

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

1001141In some inners:re, biomarker values can change very rapidly, such that stanclanl sampling 

23  (for examPle, a lab lest) may miss large changes in the values. In an example, sepsis can occur very 

quickly when a pattem. is using a pharmaceutical or is a member of a pharmaceutical clinical trial. 

Many times, early clues as to the medical condition of the patient are not seen became current 

testing procedures do not occur tepidly enough. Also aurae testing procedures am inflexible within 

a shod period of time, so if a patient needs to be tested fora different biomarker value or 

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

to receive ter MEAL 

1001151Large changes in biomarker values can occur such that conventional lab methods which use 

only one sample dilution level cannot measure the analytic due to the range of the device. Often. 

MOM sophisticated lab methods that use multiple dilution ranges that extend a range can also be 

35 overwhelmed by a massive change (for example, greater than 1000-fold) in a biomarker value, If a 

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

near real-time fashion, therefore medien1 personnel has the ahility to change the course of medical 

action as necessary from the bionunker values obtained. For example, when an Increase of an 

analyte between assay increases by 100-fold, 200-fold. 500-fold, 1000-fold, 10,000-fold, or even 

5 more, it can increase the dilution level used for the next sample (for example, 100, 200, 500, 1000, 

10,000-fold or higher) in addition to changing the frequeney of measurement of the analyse. 

100116j ID an aspect herein, a method of monitoring sepsis development of a subject comprises: 

in 

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

(2) protein C concentration of said subject. (3) intalenkin 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 demesne in protein C ooncentratios and/or an Males in I46 

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

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

decrease in protein C followed by an increase of 11.-6 and an increase beyond normal body 

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

least about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, 10,000-fold, 500,000-fold or more 

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

subject. In a hushes instance. eat least about 10-fold, I00-fold, 200-fold, 500-fold, 1000-fold, or 

more decrease in protein C conurbation in said stilijix:t is indicative of the development of sepsis 

20 in said subject. 

1001171ln an example, when no significant event is occurring in a patient following chemotherapy 

at brume, the measurement frequency of an analyte can be reduced. In some instances, the system 

can prompt appropriate action by a use based on prior meths. 

1001 Illiln some instances, the method, and systems described herein allow for the monitoring of the 

25 health status or medical modifier' of a subject thronging a lime frame as small as a few days. For 

example, the evolution and pads:physiology of the disease process, the response to therapy, and the 

possible onset of uotowanl aide effects upon exposure to a drug can be monitored by longitudinally 

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

Specific biomarkess can be selected based on, foe example without limitation: knowledge of the 

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

and its observed effects profiles. 

1001191Represadation of a similar movernait of longitudinal data to that previously described is 

illustrated in Fig. 5. At each time cobra (1 	0 to T — 9), the data point is plotted in a probability 

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

35 1001201Diagnosis of the individual may be sided by studying several aspects of the rometnerit of 

the inch vithial's medical condition in a probability space. the direction (for example, the angle 
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and/or °nonillion) of the pith followed by the medical condition as it moves in the graph can aid in 

the diagnosis, prognosis and treatment decision-making for a given clinical outcome. The speed and 

acceleration of the movement of the medical condition in the graph may also be diagnostic. Also, the 

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

5 the normal condition in the 100121110iven that the direction and/or speed of the movement of 	 graph 

ix diagnostic, one cat use the direction and/or speed of the initial movement of the normal condition 

to ponlim the consequent, new location of the normal entalititre especially if it is established deg, 

under the effect of a cabin agent (for example, a pharmaceutical), there ere only a cettain number 

of locations in the graph at which an individual's normal condition will stabilize. 

to the invention, both diagnosis and 	of assessing the 1001221 However, in some aspects of 	 prediction 

medical (*edition of a subject ate performed by qualified medical personnel and the mathematical 

model provides an educational tool and resource. 

I001231Fig. 6 illustrates an exemplary =Mod of the invention for applying a mathematical model 

longitudinally in real-time. Relevant biomarIcers and discrete clinical outcomes corresponding to 

IS different biomarker patterns are predetermined from historical data. Data is then obtained from a 

subject and the data corresponding to each relenant bionvuker is measured. Data is preferably 

obtained from the subject using a point-ofcare microlluidie device, however, it can be obtained in 

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

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

20 centmids represent the discrete clinical °steams determined from the historical data. 

1001241As following the flow diagram in Fig. 6, for each individual data set through time, the 

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

Persian 	Based from the distance metric using a statistical Shoals° pasedure, SUCh as a 	estimate. 

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

25 probability space. The calanation is repeated for each time point. 

(001251A trajectory or vector is then created by linking adjacent time points The distance, 

direction, speed, and wailastion of Ibe vector can be cuticulael and plounl for display or review. If 

the user (for example, physician), deans the data to be of significant importance, dm user may 

activate en alarm or warning system and accordingly change the course of action for trading or 

30 monitoring the medical condition. After a course of action has been adjusted, the steps assessing the 

medical condition of a subject can be repeated to continue to monitor the trajectory of the subject. 

CON 261Fig. 7 illustrates an exemplary method of the invention for developing an alann or early 

warning systan for or upon assessing the medical condition of a subject. The trajectory of a medical 

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

35 acceleration) is obtained through a meth al of inultivariate statistical calculations, such as the 

method illustrated in Fig. 6. In order to analyze the information obtained from the mathanstical 
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analysis, qualified medical personnel (for example, a physician) can establish cdttsia for activating 

an alarm or warning system based on the measurement of biornarker patterns from an individual 

subject. 

5 

1001271 This method allows each individual user to define the value and set of criteria as they sec fit, 

according to the individual user's priorities. It is underatood that each user or physician may view 

each medical condition differently and the exampk method of Fig. 7 accounts for these differences. 

1001281An exemplary method of the invention assigns progress lines to each discrete clinical 

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

subject passes over. Preferably, the progress line-s are positioned and &itemised by an individual 

10 user, such as medical personnel. The user may maim, different locations of the prone lines based 

upon the subject history, historical data of the medical condition, a personal experience. An 

example of a probability space with riles demonstrator! as progress lines is Militated in Fig. 8. For 

example, if the trajectory of a subject goes within one of the progress lines illustrated in Fig. 8, an 

alarm or wanting system may be activated to notify the user or the subject. Other possible results 

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

intOmmtion, a flashing light, an slat system, an Mann. a bursa, an anvil, a telephone 

comm.:Meat kIII, and a pager system. The alarm system not only assesses the Wadi medical 

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

the to 	specific value as 1001291When one or more of the characteristics of 	 surpasses a 

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

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

10013011n as embodiment of the invention, medical personnel or the subject can be notified of a 

need for taking a medical action after assessing a chreameriziag the position cf the subject data in a 

probability space. Examples of a notification include an alert system, an alarm, a buzzer, an email, a 

25 telephone communication, and a pager system. 

l001311 Medical personnel may take medical action when notified by the methods of the invention 

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

Medical action includes, but is not limited to, ordering more tests performed on the patient, altering 

the dosage of an administered therapeutic agent, administa hag a the spartic agent, tmainating the 

30 administration of a therapeutic agent, combining therapies, administering an alternative therapy, 

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

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

dose of insulin. 

1001321Aflet a medical action has been taken or has bow chosen, an °Mixing analysis can be 

35 performed for charaetairing 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 action related to a particular medical condition may he 

utilized as a discrete clinical outcome. For example, discrete clinical (utouzirm may be generic, such 

as responder, non-responder, partial responder, and septic, or they be more specific such as adverse 

drug reactions. In addition discrete clinical outcomes may be sequellae, or downstream clinically 

5 relevant events or results. Subject data can be obtained for any pharmacological, pathophysiological 

or pat hopsychological clinical outcome. The subject dale may he obtained dining a first time period 

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

period(s) after the intervention is administered to the patient. The intervention may coinprist a 

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

i 0 heightened risk nf the omelet 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 sale effect. The intaventioa may comprise 

administering a drug, and wherein the drug has a propensity to increase the risk of the specific 

medical condition, the specific medical condition may be an undesired side effect. 

15 (00134i Medical conditions include, but are not limited to, pharmacological. pathological, 

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

anxiety, cause, disease. disorder, illness, indisposition, infirmity. malady, problem or siamess, and 

may include a positive medical condition for example, fertility, pregnancy and retarded or reversal 

male pattern baldness. Specific medical conditions include. but are not limited to, neurodegaiaative 

20 

25 

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

disorders, cancers, bacterial and viral infections, diabetes, arthritis and endocrine disorders. Other 

diseases include, but are not limited to, lupus, rheumatoid arthritis, endometriosis, 'militate seitermis, 

awoke, Alzheinier's disease, Parkinson's diseases, Huntington's disease, Prion diseases, amyotrupbie 

lateral sclerosis (ALS), ischatmias, athemederetis, tisk of myocenliel bisection, hypertension, 

pulmonary hypertension, congestive heart Idea thromboses, diabetes mellitus types I or II, lung 

brain Cane.; breast cancer, colon cancer, prostate canes, ovarian alma, pancreatic cancer, 	Cara:., 

solid tumors, melanoma, disorders of lipid metabolism, ITIV/AIDS, hepatitis, including hepatitis A, 

B and C. thyroid disease, aberrant aging, and any other disease or disorder. 

1001351Biological Markers 

30 

35 

1001361Biological markers, also referred to herein PS binmarkers, accarding to the preterit invention 

include without limitation drugs, eroding', phamicetaical agents, thug metabolites, bioinarkers 

such as expressed proteins and cell markers, antibodies, serum proteins, choleriaol, 

polysaccharides, nucleic acids, biological iambics, biomarker, gene, protein, or hormone, or any 

combination thereof. At a molecular level, the bionuukers can be polypeptitle, glyeopaitein, 

polysacamide, lipid, nucleic acid, and a combination thereof 
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100131101 particular interest arc biomarkcrs associated with a particular disease or with a specific 

disease stage. Such Womankers include but are not limited to those emaciated with autoimmunc 

diseases, obesity, bypath:onion, diabetes, neonatal and/or muscular degenerative diseases, cardiac 

diseases, endocrine disorders, any combinations thereof. 

5 [001311l Also of interest are biomarkers that are primers in varying abundance in one or more of the 

body tissues including heart, fiver, prostate, lung, kidney, bone marrow, blood, skin, bladder, brain. 

muscles, nerves, and selected tissues that arc aft-axed by various disease, such as different types of 

cancer (malignant or non-metastatic), autoinutune diseases, inflammatory or degenerative diseases. 

1001391 Also of interest are analytes that are indicative of a microorganism. Exemplary 

10 microorganisms include but are not limited to bacterium, virus. fungus and protozoa. Other 

biontarkers obtained from a subject also include blood-horn pathogens sdected from anon-limiting 

group that consists of Sraphylocercra epidermithis Escherichia coil, methicillin-ersistant 

Staphylococcus minus (MSRA), Staphylococcus sums Staphylococcus hominis, Entervcoctin 

frecallt. Pseudomonas aerusinosa, Staphylococcus capitis, Staphylococcus usimeri, Kklisiella 

1 S pneumonlae, Ilannophilus inllwaste, Staphylococcus simulans, Stnspiococas pnetanoniac and 

Candid(' Menem:. 

20 

100140113immokers also encompass a variety of sexually Ininsositted diseases selected from the 

following: gonorrhea (Meissen° gorrhoeac), syphilis (71-eponerea pale:nt), etamydia (Clamyda 

oncoming), nongonococcal uraluitia (Urgaphasm urealyticum), yeast infection (Candida albicans), 

00ancioid (Haemaphilus dungy:), irirthomonissis (Tfrichomonas vaginas), genital hapas (RSV 

type I & Ii), HIV I, HIV II and hepatitis A. B. C. CI, as well es Impends caused by ITV. 

(MIMI Biomarkas encompass a diversity of respiratory pathogens including but not limited to 

Pscudommas acrugino sa, indhieillin-resistani Staphlococcats meats (AISR4 Melsiella 

pneumonia° Becmciphilis influenzae. Staphlococrus earns, Stenotrophomonus maltophdia 

25 liasnophilis panarilluetuae. Escherichla colt, Enterococcus faecalls, Serratta marcescens 

IMeniophllis pamhoemolyticas bucrocucas cloacae. Candida albicans, Moraviella catarrhalls 

Streptococcus pieunsonicie, Citrohacter fieundil, liaterococcas foetus° Klebsella orytosi 

Pseudomonas lino...wen& Neiserin mraingitidis Strepkroccut pyagenes, Pnetemocrtis canna. 

Klebsella pneamontoe Legiorrella pneumophila, Myropicuma pmeumonine, and Mycobacterium 

30 tuberculosis 

1001421Listed below are additional exemplary nuu ken: scantling to the present aweedion: 

Theophylline, CRP, CKMI3, PSA, Myoglobin, CAI25, Progesterone, TxB2, Maio-PUP-1-alpha, 

and Theophylline, fistradiol , Lutenizing host one, High sensitivity MU'. friglycaides,Tryptme, 

Low density lipoprotein Cholesterol, high density lipoprotein Cholesterol, CholaScrol, IOPR. 
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I001431Exemplary liver markers include, without limitation, Arginasc I (liver type), Alpha-

ktuprotein (AR'), Alkaline phosphates., Alaniue aminottansfetase (ALT), lactate dehydromase 

(L1211), Protein C, and Bilimbin. 

5 

100I441Exemplary kidney markets include without limitation TNFa Receptor, CystatinC, 

Lipocalin-type urinary prostaglandin D, synthatase (LPGDS), I lepatocyte growth factor receptor, 

Polycystin 2, Polycystin I. Eibrocystin, I hornodulin, Alamne, oninopasidase, N-acety1-13-D-

glucosarainidase, Albumin, and RetimA-binding protein (RBP) 

to 

10014.5lExanplary heart markers include without limitation Troponin I (TM), Troponin T (TuT), 

C,K.CKMB, Myoglobin. Patty acid binding protein (EABP). CRP, D-dimer, S•100 protein, BNP, 

NT-proBNP, PAPP-A, Myeloperoxidaso (MPO), Glycogen phomborylase isoonzyme BB (GPBII), 

Thrombin Activatable Fibrinolysis Inhibitor (TAN), Fibrinogen, bohemia modified albumin (IMA), 

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

101146lExanplary pancreatnc markets include without limitation Insulin, Amylase, Pancreatitis- 

Assocosted protein (PAP-I), and Regenoratein proteins (REG). 

15 1001421 Exemplary :niacin tissue ir.arkers include without limitation Myostatin. 

1001481 Exemplary blood markers include without limitation Erythopocitin (FPO). 

100149I Exemplary bouc markers include without limitation, Cross-linked N-tclopcptides of bone 

type I collagen (NTx) 

20 

Carboxytermimil cross-linking teltmeptide of bone collagen, Lysyl-pyridinoline (deoxypyridinoline), 

Pyridinoline, Tartrate-resistant acid phosphatase, Procollagen type I C propcptidc, Procollagen type 

IN propeptide, osteocalein (bone gin-protein). Alkaline phosphatase, Ceiba:ism K, COMP 

(Cartillage Oligimerk Marla Protein), Ortocrin 

Osteoprotegerin (OPO), RANKL, ,RANK , 111A1' 5 (112 ACP 5), Osteoblam Specific Factor I 

(OSF- I, Plthotrophin), Soluble cell adhesion molecules, mit. sCD4, sC'D(I, sCD44, and Osicoblast 

25 Specific Factor 2 (USF-2, Paternal. 

1001501In some embodiments median according to the present invention arc disease specific.  

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

Creatinine, Prostatic add phosphatase, PSA complexes, Prostrate-specific gene-I, CA 12-5, 

Careinoanbryonic Antigen (CEA), Alpha fete protein (APP) , ICC (Human chotionic 

30 gonadotropin), MAK CAA Ovarian CI821, CA 21.29, CA 15-3, CAA Brawl 0924, Her-2, 

Pancreatic, CA 19-9, Carcinoembryonic Antigen, CAA pancreatic, Neusonapecific molest, 

Angiosimin 

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

35 

Kappa, Free Inununoglobulin Llgbi Chain Lambda, Ilerstatin, Chromogranin A, Adtenumedullin, 

Intl:grin, Epidermal growth factor receptor, Epidermal growth (actor receptor-Tyrosine kinetic, Pro- 

-22- 



adrenomedull in N4aminal 20 peptide, Vascular endothelial growth factor, Vascular endothelial 

growth factor receptor, Stan cell Minor receptor, c-kit/KDR, KDR, sad Midkinc. 

5 

(001511 Exams!my infectious disease markers include without limitation Viremis, Baoteramis, 

Sepsis. PMN Flues% PMN elastase/ al-PI complex, Surfactant Protein D (SP-D), HBVo smidgen, 

1113Vs antigak Anti-HBVc, Anti-H Pit, Twuprassor cell antigen. I'-cell muigen ratio, T-helper cell 

antigen, Asti-HCV, Pyrogeus, p24 antigen, Muramyl-dipeptidc. 

1001521Exemplat y diabetes markers include without limitation C-Pailide, I lemoglobin Ale, 

Cilyeated albumin, Advanced glycosylatirm end products (AM's), 1,5-anhydroglucitol, Gastric 

Inhibitory Polypeptide, Insulin, Glucose, Hanaglohin, AN(:El-1.3 and 4. 

10 100153) fixeinplary inflammation markers include without limitation Rheumatoid factor (RF), 

Tumor Necrosis factors (INF-a), Antinuclear Antibody (ANA). C-rebelive ptntcin (CRP), Clara 

Cell Protein (Uttringlata). 

(001541Exemplary allergy markers include without limitation Total la and Specific Ia. 

15 

(001551Exemplary autism markers includewithout Ihnhation Ceniloplasmin, Mccalothioneine, 

Zinc, Copper, B6, 131 2, Glionthione, Alkaline phosphatase, and Activation of Apo-alkaline 

phosphalase. 

1001561Exemplary coagulation disorders markers include without limitation brflumnboglobulin. 

Platelet factor 4, Von Willebrand factor. 

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

20 limitation Tx132 (Cox-1), 6-keto-PGF-1-alpha (Cox 1), 11-11ehydro-Tx8- 1 a (Cox-I). 

(0015810ther markers of the present include without limitation I.eplin, Leptin receptor, and 

Procalciumm. Brain S IGO protein, Substance P, 8-Iso-PGP-2a. 

[001591Extunplary geriatric markets include without limitation, Neuron-specific enolase, GFAP, 

and S10013 

25 (0016til Exemplary markers of nutritional status include without limitation Prealburnin Albumin, 

Retinol-binding protein (RBP), 1 nunfcrrin, Acylation-Stimulating Protein (ASP), Ad ipontat in, 

Agouti-Related Protein (AgRP), Atigiormietinlike Protein 4 (ANGPTI A, F1AF), C-peptide, AFAR? 

(Adipocyte Fatty Acid Binding Promo, FABP4) 

30 

Acyhtion-Stinudating Protein (ASP), EFABP (Bait/anal Fatty Acid Binding Protein, PAM'S), 

Glicentin, °Wagon, Ohmagan-Like Peptide-1, Olucagon-Like Peptide-2, (ihrclin, Insulin, Leptiv, 

Leann Receptor, PYY, RI3-Ms, Redid°, and °TR (soluble Transferrin Itenivoi). 

1001611Exemplary markers of lipid metabolism include without limitation Apo-lipoproteins 

(severs°, Apo-Al, Apo-R, Apo-C-01, Apo-D, Apo-B. 

35 

1001621Exemplary casplation status markers include without limitation Factor I: Fibrinogen, 

Factor B: Prothrombin, Factor HI: Tame factor, Pacer IV: Cskiirm, Factor V: Proaccelerin, Factor 

VI, Factor VII: Procorwertia, Factor VIII:, Anti-hemolytic factor, Factor DC: ChriSIMILI factor, 



Factor X: Stuart-Prows fader, Factor XI: Plasma thromboplasiin antecedent, Factor XII: ilageman 

factor, Factor XIII: Fibrin-stabilizing factor. Prekallikreitk High-molecular-weight kininogen, 

Protein C, Protein S, D dieter, Tissue plasminogen activator, Plasminogen, 12-Antiplasmin, 

Plasminogen activator inhibitor I (PAID. 

5 1001631Exemplary monoclonal antibodies include those for EGER, Erb132, and WWI R. 

[001641Exemplary tyrosine kinase inhibitors include without limitation Ab I , Kit, PDGFR, See, 

Erb132, Erbil 4, EOM, NAB. Vail:RI-4, PIX.ifRb, FLU, I:0FR, PKC, Met, Tie2. RAF. and 

TrkA. 

(001,651Exemphity Serinefflireoline Kinase Inhibitors include without limitation AKT, AUMM 

10 .AJIIII, CDK, (.1)K (pan), CDK I -2, VEGER2, PDGFItb,CDK4/6. MEKI-2, niTOR, and PKC-beta. 

[001661(1PCR targets include without limitation I•Gsfamine Receptors, Serotonin Receptors, 

Angiotensin Receptors, Adrenoreceptors, Musearinic Acetylcholine Receptors, thiRli Receptors, 

1)opamine Receptors, nostaglantlin Receptors, and ADP Receptors. 

1001611M a aspirate embodiment, a method herein utilizes pluirmacological parameters useful for 

IS 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 and/or pi:geniis:. Such substances include but are not limited 

to biological' or chemical axnpounds Inch as simple it complex organic or inorganic molecules, 

peptides, proteins (for maniple, antibodies) or a polynucicotides (for example, anti-sense). A vast 

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

polynueleotides, and synthetic et genic compounds baser, Olt vernal,. core summit es, and these are 

also included in the ltitil 'therapeutic agent". In salltion, various natural sources can provide 

compounds for screening, such as plant or animal extracts. and die like. It should he understood. 

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

25 agent. having the same or different biological activity as the agents identified by the inventive 

saner The agents and methods also mire intended to be combined with other therapies. 

1001681Implementation of the Methods 

1001691It is to he understood that the exemplary malteds and systems described herein may be 

implemented in various (onus of hardware, MR Ware, firmware, special purpose mummers, or a 

30 oombieMion thereof. Methods herein can ho implemented in software as an application program 

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

mailed by any machine, device, or platform compri tins suitable architecture. k is to be further 

understood that, because some of the systems and methods depicted in the Figures are preferably 

implemented in software, the actual comics:lions 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 ordinary skill in the related art will be able to contemplate or practice 

these sal similar implementations or configurations of the present invention. 

for 10017011:lg. 9 illustrates the process flow of building the model and system 	assessing the 

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

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

other subjects can be historical data from public or private institutions. Data from other subjects may 

also be internal data from a clinical study. 

1001711 Ibe subject may input data in a vancty of ways, or using a variety of devices. Fur example, 

• point-of-care ancrofluidic device may he used to acquire biormarker data at the point-of-care. 'Ile 

W data from the device rosy then be comniunicated (firmly fmni the device to a database or processor. 

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 entry 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 directly meeting data into a database. 

15 (00172JA database is developed for a medical condition in which relevant clinical information is 

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

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

public database can include online worms of free clinical data fix me by the genteel public, such as, 

for example, databases supplied by the U.S. Department: of Ilea lth and human Services. Fur 

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 comprise, for 

mummies, bianarker data relating to discrete clinic,' outcome-The local database may include data 

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

information, fltICO results, blood test results, patient survey respomes, or other hems from patients in 

25 a hospital or an inesmal hospital monitoring system. The database can also Include historical 

reference data of a plurality of subject members in relationship to at lead one biological nastier. 

(00173)The database may also be implemented on a variety of oommemially available authoring 

packages. 

1001741The database may be of a storage unit of a medical information systan. 

30 l001751Daea front • database am be filleted and classified atxording to specific cases or medical 

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

database may follow the stmdard international code of diagnoses (ICD-9 coding system). A medical 

condition may include, for example, 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 In the database may be selected form the categories 

consisting of: pathology, anatomy, treatment option, heal mail outcome pharmacological parameter, 

pharmacokindies !ammeter, psychological paratnoter, and generale information. 

ROI 771Subjcct data can be stored with a unique identifier for recognition by a processor or a incr. 

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

criterion for particular patient data. The particular patient data an then be retrieved. 

(001781Relationships can be established between elements of the public databases, the internal 

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

information revealed by the trajectory or other available observations. 

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

processor that perfonna the mathematical methods described herein to construct a probability space. 

The subject data may also be inputted to the processor separately from the data pertaining to a 

discrete clinical outcome that is stored in a database. 

1001801A processor can pertbrrn calculating the probability space. Once a probability space map is 

IS prepared, the same processor or a different processor can plot birenarIcer data from an individual 

subject within the probability apace. The probability space map itself am be hansmitted to an 

output, such sea display monitor /Me position of the subject data within the probability apace may 

have 	for 	 data directly also be transmitted to an output. The processor may 	a titans 	?waling patient 

from an input device, a means of storing the subject data in a storage unit, and a mains few 

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

interface. The 

	

	 have memory, such as random access memory, as is well known in the processor may 

art. In one embodiment, an output that is in communication with the aromatic Is provided. 

1001811A user interface refers so graphical, textual, in auditory informed km prevented to a user. 

User inter face may also refer to the control sequences used for controlling a program or device, such 

25 as keystrokes, movement or selections. 

1001821A ma inleatice may be a commercial software application for displaying subject data 

and/or she position of the subject data in a probability space. The user interface generally provides 

usets with access toe task-specific set of functions to view and modify content. In preferable 

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

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

UM tngoctory of subject data positioned within the probability space can be viewed using a ell II Ilse 

GUI nay be displayed on a display monitor. Other user interfaces that may be utilized with the 

methods of the invention include, but are not limited to. alert aystaus, web-based interfaces, teat 

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

35 invention, the user interface can remotely romununicate with Ile system. 
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100183) By acquiring data flan a subject at multiple points in time, a trajectory of the subject data 

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

time point in a probability space. A trajectory is created by connecting at least two time points of 

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

direction, and acceleration. The vector panuneters can be calculated by a processor. The processor 

may be the same as or different than the processor used to connive* the probability space. 

[001841Based upon rules imposed by a user, the position or Injeclory of subject data may activate 

an alert. The alai or alert *stern notifies the. user when the subject data conflicts with a rule 

imposed by a user. For example, a rule may comprise the probability of a subject of developing an 

10 adverse drug reaction (.41)R) is greater than 60 percent. When the probability of the subject data 

exceeds the rule, an alert is communicated to a user. 

1001851 Examples of an alert include, but are nut limited to, a sound, a light, a printout, a readout, a 

display, a page, an e-mail, a fax alai, telephonic communication, or a combination thereof. The alai 

nay oomnranicatc to the user the raw subject data, the calculated position in probability space of die 

15 subject data, the trajectory of the subject data, or a combination thereof 

1001861 A user is mast preferably medical personnel. In an embodiment, the same user has access to 

the subject data, establishes the roles for gating the user, and is alerted by the alert. The in may 

also be the subject. For example, a diabetic patient may monitor his personal glucose levels a other 

bioniarker levels in another embodiment. a user has access to the subject data at any step of the 

20 mathematical model. 

1001871 Fig, 10 demonstrates a networking method of assessing the medical condition of n subject. 

A system of communicating information may or may not include a reader fir reading subject data. 

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

assigned to different individual bionwkers may be read by the device itself or a separate device. 

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

Se:ionic medical record or a physician chart. A further example of a miler would assist of an 

electronic patient record database from which subject data could be directly obtained iin the 

communications network. 

1001881A user station may be incorporated into the methods aid systems hada The user station 

30 can act as a reader kr reading subject data or as a data entry system. The user station may also he 

used to communicate data 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 pLat forms that 

runs any operating system. The platform may read and write to and from a storage unit. A storage 

unit may be incorporated within the user station. As will be readily apparent to those of ordinary 

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



1001591Actording to still further embodiments, a sever may be provided for use in assessing a 

medical condition of a subject. In some embodiments, a reader and/ol user station communicates 

with a server. The server may comprise a network interface and a processor. A swage unit truly also 

be provided in the server. The storage unit is coupled to receive the patient data from the input 

5 device, reader, or user interface, and to stem the petted data. 

10 

1001901 The storage unit may be any device capable of storing data for a long period of time, either 

as a comptment of the platform, or as a separate entity that is ampler! to die network. Although any 

appropriate storage capacity may be used, the capacity is typically at least ten megabytes and more 

usually at Imst twenty gigabytes. The storage unit may be permanent or removable. For example, 

the storage unit may be as magnetic random access, such as flexible or bard disk drive, magnetic 

sequential access, such as tape, optical random access such as CD, I)VD or Magnetic Optical drive, 

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

anticipates other storage devices. Al of the aftwernentioned storage units arc by way of example and 

arc not intended to limit the choices that arc or may become available in the art. 

15 1001911 In some embodiments, the data are further manipulated prior to storage by the processor 

compressing the data. Some data we very large and compression permits conservation of storage 

space. In the absence of compretsion, this large amount of data may present a particular problem fur 

the storage of medial informellon. 

100192IIn other embodiments of a system for wasting the medical condition of a subject, data 

20 storage, processing and control of data are iseplemeaexl on a server that is in communications with a 

user station Optionally, coraputadons with the data may be performed on the serve as well. In this 

clienhaerver embodiment, the saver is communicatively coupled to one or am user stations by 

local area network (LAN), implemental with Rhernet, Willi, R:uctixtih, USU or Firewire a Wide 

25 

Area Network (WAN) such as the Internet, implemented by broadband cable, xDSL, T1, 

metropolitan Wi-Ill or other highspeed communications down to plain-old-telephone-service 

(POTS). 

is in 	i 011 with a server to output the infommtion 	by the 1110193IA user alnico 	COMMUIliall 	 processed 

era. The use elation may be the Mlle or different from the user station or device used to input 

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

30 auger station include, but are Mt limited to, a computer, a PDA, a wireless telephone, and a 

personal device, such as an iPod. The user station may be in communication with a printer Or a 

display monitor to output the information processed by the saver. 

100941ln a networked system comprising a WWI, any number devices may be members of a 

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

35 even user station may have access to enormous amounts of patient data from healthcare sources 
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anywhere in the world. In one application, data from multiple practitioners are acieumuiated for 

defined clinical trial studies 

1001951Statistical information is provided to the user of the system, preferably at the point-of-care. 

The point-of-care is where treatment is implemented. Advantageously, the dynamic and real time 

5 characteristics of Internet usage axe captured in Ibis feature. This enables medical personnel or the 

subject either in the office or in the field to instantaneously be notified of and presented with, for 

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

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

transmission. The data can also be encrypted by the processor to protect private information. A 

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

The encryption components may be stand-alone components or software components. The seam 

may a!so include a decryption unit for dectypting received subject data prior to storage. 

100191ln an alternative embodiment, if the communication bandwidth between the user and the 

server becomes ronietivo (for maniple, if the servo is "deV/II"), die model can be duplicated and 

15 reside in a minor saver at a user Odom Updates and communications between the saver and the 

mirror server can be done off-line at predetamined times. On-tint requests from the user can be 

handled locally by the minor saver. This alternative provides Increased reliability for users, since 

the on-line aromas do tart depend on outside networks. 

(00190) In an alternative configunttion of the data analysis system, client-based architecture is used 

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

transmits data hem a source to a platform. The platform is coupled to a display through a display 

controller. The display may be any one of a number of couvemtional display devices, midi as a liquid 

mystal display or video display. The platform contains a storage unit, a processor and an interface 

for communicating with the input device. The storage unit has a database for storing, manipulating 

25 and retrieving subject data. The storage unit also may store and run LI operating system. The user 

station platform may he a computer or one of a wide variety of hardware platforms that runs any 

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

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

l001991111 another aspect, computer readable instructions are provided, which when executed case 

30 a processor to: provide a probability tiptoedefined by a set of discrete clinical outcome., each of 

which is characterized by a statistics] dietritution of at least one biological marker: obtain subject 

data corresponding to the at least one biological marker, and calculate the posit Ion of said subject 

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

1002001The computer readable instructions may lea pan of a software package. The software 

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

point-of-eam device. 



1002011In an embodiment, computer readable instructions comprise instructions for mewing a 

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

calculate vector pananeter of a trajectory. such as speed, position, heading, and acceleration. 

1002021Computer readable inshructious may direct a processor or output device to output the 

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

representation on a monitor, prim an output on a prima, or activate an alert or alarm. 

100207) In another aspect, computer readable instructions may be stored in a computer readable 

Inerlium. In some embodiments, the computer readable medium that stores heft eel ions is a storage 

unit m deathbed hada. Still other embodiments may provide a computer readable medium having 

10 stored therein a plurality of sequences of instructions, which, when executor! by at 	sor, execute 

a method of the invention. 

IS 

100204171c computer readable instructkurs when executed can cause a processor to provide a user 

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

probability space. In an embodiment, the trajectory,  parameters arc at least one of speed, 

acceleration, direction, and position. 

10020S1As used herein, a "computer readable medium" refers to arty medium which can be read and 

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

not limited to, magnetic storage medium, optical storage medium, electrical storage medium, and 

hybrid storage medium of any of these categoric:. 

ril 100206111d compine, readable inatructions can operate in a software runtime environment of the 

processor. In an embodiment, a software runtime environment provides commonly used functions 

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

include, but are not limited to, computer operating systems, virtual machines or distributed operating 

systole. Ax will he appreciated by those of ordinary akill in the an, Natal other examples of 

25 runtime environment exist. 

100207) The computer readable medium may be a morage unit of the present invention as described 

herein. It is appreciated by those skilled in the art that computer readable medium an also be any 

available media that an be accessed by a server, a pmecssor, or a computer. 

100208j Computer readable media includes volatile and non-volatile, removable and nom. removable 

30 media implemented in any method or technology for storage of information such as computer-

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

includes, but is not limited to, RAM, ROM, EPROM, EEPROM, flash memoty or other solid state 

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

magnetic disk slang. or other magnetic storage devices, or any other medium which can be used to 

35 store the desired information AM which can be accessed by the computer. A skilled artisan can 



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

it 

10020911be computer readable medium can he incorporated as part of the computa-based system of 

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

5 1002101Hcalthcare Operating System 

1002111Different aspects of the invention can be used and developed for baloney systems. 

Raamplea of sueb systems include point-of-rate systems, a healthcare operating syatan or a 

combination of both. For example, a user may test a blood sample with a device and the information 

fiom the tern can be provided to a system or method of the invention, which in turn sends additional 

10 infinniation to the user. 

10021211n an embodintent, a healthcare modal, is part of an integrated infrastructure built around 

real-lime, point-of-care disposable blood monitoring devices which mutlyze about 10 rmanliter 

samples in a similar manner to automated replication of the manual processes run by a central 

laboratory. to an integrated infrastructure, information can be wirelessly transmit from an assay 

15 device to a database which integrates dant front the device with stored data front disparate databases 

(patient record, genetic or genomie information, data horn clinical trials) into a central database. The 

system can then allow fur the automatic application of mathematics to the database in the contact of 

the pathophysiology 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 publications for 

20 label expansions for new indications, patient suhpoixdations, and for ameliorating safety concerns. 

1002131In an embodiment of the invention, a haalthcwe system can be utilized for home, real-time 

blood monitoring has gmillicant implications which allow us to collect information which cannot be 

scat using the convaitional blood testing infrastructure. 

(0021411Fig. 11 illustrates an exemplary anti/alienist 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 OT compound.  

The point-of-care device may also be in communication with the user or a computer or system 

helonging so the 	A 	 in this 	 be 	home 	to use. 	point-of-care emiromnent 	example can 	the 	or 	clinic. 

Also illustrated in Fig. I I is transmitting information in real time from the point-of-care device to a 

30 server or ',gem that is capable of converting the information or data to a physiologically relevant 

context. This can be accomplished by transferring the information to a database or s plurality of 

databases. The databases can be on a server or a plurality of savers. In an embodiment, a centralized 

database repository is used to analyze the data and return the data to an end use in a physiologically 

relevant context. The data can be returned and, in the example of Fig. I I, information, such as 

35 clinically relevant and actionable information, can be returned to a USX through browser-based 
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software applications. The information could be used for adaptive clinical trials and publications if 

the end user is a medical researcher or pharmaceutical company. 

1002151A system of the invention comprising a point-of-care device in communication with a 

healthcare RySICIII may not require the transfer of samples. such as transportation to a laboratory. 

5 which in turn, can improve the integrity of a sample. Detection of au acolyte in a system or nwthod 

of the invention can be provided in real-time at the point-of-care. Reel-time detection integrated 

with a healthcare central database system can allow for the creation of complex longitudinal data 

seriei Requited by an immunoassay device. 

1002161/1g. 12 demonstrate an exemplary system of the invention, wherein a health care operating 

to system comprises data infrastructure, models and algorithms, and software applications. The data 

infrastructure can be used by • pharrasearlical company thr clinical trials acres an entire 

pharmaceutical pipeline. A model or algorithm of the health care operating system can comprise, for 

example, predictive and dynamic, inultivariete, milli-dimautionai models that can lo, credomixed for 

program-specific objectives and that ean map disease progression and regression. A system can be 

15 integrated with back-end algorithms, models, and data in the data infrastructure. For example, a 

system case transmit individualized content to users on device totich-screens or mobile phones. The 

feedback may Sala with behavior modification and increase compliance with therapy. The 

algorithms described herein enable correlation of blood data to efficacy dynamics profiles, behavior, 

lifestyle, diet, and side-efects. 

20 1092171Content can be based on data for patient classes, which recognize physiological and 

psychological me-diepoeitions as well as local socio-enviommental influences. In another 

embodiment, a system can link users through social networks, where success stories compound 

through the combination of each tailored home health system with a given therapy. 

25 

100218IT1e health care operating system Carl interact at the point-of-care with consumer Arians, 

such as an assay cartridge, an assay reading device, or a mobile device such as a cell phone. The 

field units cart be integrated with point-of-care home and mobile monitoring systems. Field units can 

be remote, portable patient care systems and can provide on-site, real-dam automatic processing of 

cartridges for blood analysis. In some instances, field units comprise a user interface, allowing 

patient to initiate assays and gmphically enter a variety of relevant information, such era: patient 

30 diaries, environmental. behavioral, and psychological information, and two-way communication 

system from the instruments to medical personnel or mobile phones and back to patients with 

relevant 001lin1, messages, and health information. In some instances. Neel and environmental data 

is automatically (for example, wirelessly) uoinsmitied into models in real time. 

1002191As described herein, a health care ()panting system can comprise information integration 

35 and exploitation infrastructure that permits, for example without limitation: data acquisition and 

storage of point-of-care rends in real time, integration of blood parameters and patient diary data 
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with all other physiologically relevant information, and a central mathematical software program. 

The central mathematical software program can graphically visualize, help to interpret, and analyze 

all data in one place and link any new information into a disease management system that then maps 

the information 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 user. 

1002201Possiblc applications for a healthcare system of the invention include, but are not limited to, 

an intemnted link to an adaptive clinical trial or healthcare managetnent system, drug and systems 

combinations for post-prescription monitoring, a healthcare operating system (for example. a saver 

10 controlled point of care whole blood monitoring systems), and identification of correlations to 

efficacy of key compounds during clinical studies. 

100221i ton an embodiment. a system can provide a graphical portrayal of integration of available 

data sds :o a mice. 

1002221In another eniliodiment, a system of the invention can generate data that may serve as 

15 historical data in future studies. A system can be customized waling a the needs of a user, 93r 

example, extracting relevant information from a pharmaceutical company's existing databases, ■ 

central mathematical software program which allows a pharmaceutical company to vismilly see, 

inter pi et, and analyze all of their data in a place and is linked to a clinical trial system. 

(002231 When utilised with clinical trials of pharmaceuticab, a system of the invention can provide 

20 an understanding of compound efficacy, disease prom i.ssion and patient response that may not be 

possible using the conventional blood testing infrastructure. 

100224IA database and a licaltlitava system can be customized to monitor trends protein assays over 

time and their relationship to disease progression across diffaent indications while wowing for 

the ether relevant variables or biomes leas in the pathophysiology of the disease. The customization 

25 can be designed to autoznatleally incorporate all relevant data for ere hi mapping disease progression 

across relevant indications and an the foundation of historical dam. The maps and baselines can be 

used in dealgning future studies and in Mare studies to extract batter information from blood ten 

results and provide early reeds on efficacy woes different indications. 

(002251fig. 13 demonstrates an exemplary database comprising an ontology of biomarkas that are 

30 For related some types of medical conditions. 	example, sepsis as a diadem is categorized as a 

palhophysiology and is linked in this ontology to Acute Liver Failure (ALF), Disseminated 

Intravascular Coagulation (21C) and the like. Each of these pathologies can be coos:ch.-al a 

trequellae of sepsis in the context of this ontology. In this example. a drug used to treat sepsis is 

Cytorab. In some iMilifiCet, the sequellae can be characterized by the spectra of himmrkers as 

35 described in Fig. 13. For example, ALF is chametaized by specific patterns of ALT, MT, arr. 

and Malin. phombatase. 
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1002261 In an aspect of the invention, the methods, devices and systems disclosed herein can 

comprise a healthcare operating system. A healthcareoperating sysian can comprise a central 

control system for deliver/ of Ore to consumer and for an economic model for pnyxra mx1 payees. 

10022711n an embodiment,. healthcare operating system can provide an early system possibly to 

5 detect the onset of disease. A system can thither comprise a learning engine that ties to the 

insurance 	based 	drug 	 targeted eminences of a user or an 	provider 	on 	availability, 	response rate, or 

payment structure. 

maw. compute system or saver of the invention can include a dynamic learning engine, for 

example, as the system or server rteelltel data, the operations of the system or saver can be 

10 updated. A system or saver can also all in to raked databases, extracts, and locally store 

(permaneutly or temporarily) mfimnation in a central data repository. 

(011229l In another embodiment, a healthcare system ma comprise a commtmications postal for a 

user to COMMUllialle an anly of Intonation to the system, such a weight. nicotine consumption, 

food comumption, exercise, and phyachiterie variables. 

IS 1002:4011Fig 14 illustrates an example hierarchy of a heekluore operating system of the invention. 

The mural operating system has access to a data infrastmettre and monitoring devices for obtaining 

subject data. As demonstrated in the example in Fig. 14, the data infrastructure can oomprise a 

search tool, conununication links, analysis of data, and applications. Fur example, a communications 

link an communicate to a consumer, clinician, or 1E40. A clinician can use the information for 

20 simplification and effectivon.as of his decision making or as a deta/knowledge base background. An 

10,10 could for example receive information of a clinical trial, such as drug efficacy and the ousts of 

the drug use. Analysis of Information m the data infrastructure as ilium ated itt Fig. 14 can include 

gummier' of a trajectory, luny logic guidance, co/labonuive filtering aphelion, disease naps, 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 aims of a user, clinician, 

clinical trial, or a pharmacy), and dynamic, adjustable trials. 

/002311Also demonstrated in Fig. 14 is the hens* of information received by the exemplary 

operating system from monitoring devices. The devices and opt:radon system am monitor and 

release done if accemary. In a preferable embodiment, the devices monitor aualytes in a bodily 

30 fluid. For example, when monitoring blood, the devices nay be capable of emouting prescription 

blood tests fora clinical a preventative setting or evaluate drug systems as danoostrated. 

1012321k an aspect, a system is disclosed that solicits input from the user or his agent (for example. 

s physician) to facilitate a conversation betwemi the subject and his agent about the status of the 

person's health at a time. Examples of input that mut be solicited by a system include, but arc not 

35 limited to, establishing alert levels, medical notation, and personal notation. The system can acquire 

clinically relevant information about a person and place the information in a physiologically- 



reasonable context. Examples of clinically relevant infomuition include, but are not limited to, age, 

history, 	 information. gender, tam, medial 	and genomic 

10023311n an embodimool, lime depeodent data can be rqtrescrdative of overall clinical health or 

response, including a diagnosed disease condition that requires monitoring, a response profile for a 

5 particular drug or combination of drugs, a subject observed observations of his health 

1002341Calculated or observed infamsIkm can be provided to a user. Example of users include, 

but are not limited to, a patient, a physician, a clinical monitor for a clinical trial, and other medical 

personnel. 

1002.35pnfonnation can also be Integrated into a central repository for inclusion into, for example, a 

to medical record or a clinical trial report. 

1002361Fig. 15 demonstrates an esemp:ary system of the invention wherein an analysis database can 

receive inform cation from a database cementing date fmm a reader or cartridge database, historical 

databases, a patient database dun can contain data entered by a patient, and a customer database. 

Other features of • system of the invention are dmnonstratod in Fig. 15. The system is capable of 

15 performing analyses cadets received by the system. The analysis can be any method as described 

herein and can include developing or utilizing a disease map, using statistics for a statistically 

analysis of Information within the system, reports or graphs. and'or a combination of the different 

methods as described. 

1002371Fig. 15 also ifinstrates a ma intaface that nun,  be utilized in a systan of the ilIVCIllion. The 

20 user interface can intaact with any of the components danonstrated in Fig. 15. In a preferable 

embodiment, the ma Interface allows a neer to lined :see with the system to determine test data or 

analysis outcomes, such as physiologjeally relevant infonnation.lbe user interface may be a touch 

sawn, monitor, keyboard, mouse, or any other item that allows a user to interact with a systent of 

the invention as would be obvious to one skilled in the art. 

25 111/023111As shown in Fig. 15, a system can be utilized to manage a reader or point-of-eare device. 

This can include ontnagwrient of a cartridge to be inserted into the reader for tomtit etnnu of data. 

For example, the system can provide the reader a protocol for running an immunoassay of the 

cartridge. A system of the invention can also provide informtion to the render for calibration of the 

immunoassays run on the cartridge that are tun or executed by the reader. Rattle management can 

30 also include information for swiping the reader for the apprcrysiale reading system for reading nn 

immunoassay from a point-of-care cartridge. Reeder management can also include WITCO ive and 

preventive actions (CAPA), which is an instrument of integrated and comprehensive compliance 

managanao. An clement of thc CAPA approach is an effective and systematic processing of (nullity 

deficiencies, cams and mallowions with the goal to provide appropriate corrective actions and 

35 consistently prevent a reoccurrence of non-conformance situations. the CAPA strategy was 

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



1002391Systems and methods described herein can be used for pharmaceutical clinical triaLs. In 

some instances, the systems and methods accelerate trial timelines by an average of 18 months. ha 

some instances, a system or meths( herein may provide dose-response and efficacy dynamics 

profiles in less than 18 months, less than IS months, less than 12 months, lass than 10 melba. less 

5 than 9 months or even less then 6 months. Real-time phannacokinetics and pharemeodyeamies may 

provide better efficacy nod more safety information. The inclbOds herein may also decrease the dirk 

of toxicity slowing approval or restricting use by shifting dose across: sub•populations, concomitant 

medications, and multiple indications. In otha instances. a system or method herein am improve 

predictive visibility into pathway dynamics. A model as describe can produce predictive insights and 

10 power strategic decisions. A system an support communications with iegulatory authorities 

'learn 	 for 	 trials. internationally and can facilitate 	and confirm' strategy 	adaptive clinical 

1002A01A system herein can include a data management system. The data management system can 

be operated through a plurality of devices or systems, or by a single axial saver. An example of 

data management of a system of the invention is shown in Fig. 15. A data management system can 

15 from, for 	 database !melee input or output 	example, a point-of-care reader, a 	(such as an analysis 

database or a historical database), and a terminal (such as a user interface). A data catnap:mot 

system can also conduct dotage management, for example. storage of a patient's individual data or 

storage of information related to a particular diseaseor drug profile. For example, if using a system 

maVor method of the present invention to conduct a clinical trial on an experimental drug, the data 

20 management and storage management systems can receive data from dr point-of-carefrom a 

rewder, and then store the information in databases for analysis of the data. Both One patient data and 

the analysis data tray than he stored for future use of a system. For example, if one side effect is 

noted inn patient in Phase 1 of a clinical trial, that aide effect hsfinmation may be used for the 

analysis of results of a patient m Phase Ill of the clinical trial. As ant example, a diabetic 

25 individual may receive a glucose measurement at an earlier time, which may that be used to 

evaluate the condition of the individual at a later time following another meszurement. 

EXAMPLE I 

1002411Prostate canter and and-anglogencsfs treatment 

30 1002421 A Phase I or Phase Ida clinical trial for treating a subject diagnosed with prostate cancer with 

doting an mili-arigiogertic drug allows for awe adjurtmenIS 	the trial. The subject is monitored over a 

course of time during the clinical study. llie method of action of the antiongiogatic drug ism halt 

the growth of blood vessels in and around the tumor, thereby depriving the tumor of adequate blood 

supply. This may induce ischernia and nutritional neaosis it the tumor, thereby debulking the 

35 tumor. 
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10412431Afta the method of action is determined, discrete clinical outcomes arc 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 (PR), non-response (FAR). and adverse drug 

reaction (ADR). The ADR related to the anti-angiogenie drug is bypenitsuive enoephalopathy in this 

5 example. 

1002441Six blemished representative of the clinical outcome of the subject with prostate cancer are 

The biennia' 	PSA, TPS, hK2, VCAM-I, chosen to define the discrete clinical outcomes. 	 ate 

Endothelin I, and 6-keto-PCIF-1-a. Using these bionnktint and the corresponding historical data on 

the progression of prostate cancer treatments with soli-angiogatie drug as well as data from other 

10 subjects in the clinical trial, a cluster analysis is performed. Patch discrete clinical outcome is 

assigned to a centroid of one of the dusters. 

100245IBefons the subject is treated with the drug, the subject is assigned a position in the 

probability space based opal the subject's data from the relevant blomarkers. The probability of the 

subject belonging any of the discrete clinical outcome classes is determined using the Mahalanobis 

IS distance, fray which a probability is calculated using a &woolen estimation. The result of this 

calculation returns the four probabilities enamor) ding to the four clinical outcomes of the example. 

The position of the subject is determined by plotting the four probabffitics In the probability space. 

1002461The probability spout corresponding to four clinical I Manna is graphically displayed as a 

square in two dintossions. The user of the model, in this example, medical personnel, establishes 

20 nukes for the medical condition of die subject based the subject data's position and/or trajectory in 

the probability space. Each discrete clinical outcome hes a line representing the rule estabEshed by 

the medical personnel, as shown by the dashed lines in Fig. 16. When the subject oases the dotted 

line toward, the CR a PR conditions, the subject is substantially free of ADR sari has improved 

thither prognosis. 

25 1002471In Fig. 16 . the trajectot id of two differau subjects are plotted. Subject I has a trajectory 

that starts in the middle of the probability space and then heads towards the ADR condition. In this 

example, the medical personnel may notice the trajectory's speed or aotteleration and intervene in 

the treatment. When Subject I's trajectory CRO3C3 the dotted line towards the ADR condition, an 

alarm is activated. The medical personnel react accordingly. 

30 WaalSubject 2 has a trajectory that heads towards the NT condition. The dose of the anti-

angingenic drug treatment is adjusted corresponding to the mks established by the medical 

personnel. After the adjustment of the dose. the trajectory heading changes towards the PR 

condition. The example illustrates a method and ardxslintent of the Invention fir monitoring a 

clinical vial_ 

35 

EXAMPLE 2 
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1002491Sep1is and Anti-TNE treatment 

10025II Subjects with confirmed or suspected sepsis or systemic inflammatory response syndrome 

(SIRS) am treated with an arai:INF thaapeutic during a Phase fib (dose adjustment allowed) or a 

Phase III too dose actjustment &Rowed) clinical trial. The subject is monitored ova a course of time 

5 during the clinical study. The method of action of the anti-TNE drug is arii.infiammattory. The drug 

is aimed at preventing or circumscribing downstream sapiens° of sepsis. Typically, the anti-TNF 

drug is given in annunctiun with a broad spaannn antibiotic. 

1002511After 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 segueing (disseminated intravascular coagulation (DIC), acute respiratory distress 

syndonne (ARDS), acute liver Ildlure (ALF), and sane natel failure (ARP)) 

1002.521Twenty biomarkers representative of the medical condition of the subject with confirmed or 

suspected sepsis are chosen to define the discrete clinical outcomes. In this example, the Nominal 

fall into mulliple categories to monitor the differed discrete clinical outcomes as defined by the 

IS physician. Lipopintein 'boding Protein (LEP) binondoers measure infectious growth and the R and 

NR conditions. The 1.1111  biomarkers ere LBP, INF, CRP, IL-6, and IL-S. Rion:eskers that are 

relevant to the DIC condition are von Whitbread's factor, Protein C, Ouombin, procsleilonin, 

morns, and PAP-I. lite biomarkers of the ARDS condition am von Willi:brand's factor, IL.6, IL- 

8, IL-I, and 1-10P. The biomarkers of the ALP condition ale ALT, MT, GOT, LOB, Alkaline 

20 phophatase, bilirobin end Protein C. The biomarken of the ARP condition are Creatinine and 

C'ystin C. 

1002531thing the biomerkas described in this example anal the corresponding historical data on the 

progression of sepsis and the ireatment of sepsis with antiiINT/ Inenteut it:, as well as (Wit Flom 

other subjects in the clinical trial, a cluster analysis is perfumed. Each discrac clinical outcome is 

25 assigned to a cermoid of one of the clusters. 

1002541Before the sultut is treated with the drug, the subject is assigned a position in the 

probability space based upon the subject's data from the twenty biomarkers. The probability of the 

subject belonging to any of the disacte clinical outcome classes is dearmined tning the 

Mahalanobis distance, from which a probability is calculated using a Nyman animation. Thc result 

30 of this calculation (Minn six probabilities corresponding to the six clinical outcomes of the 

example. The position of the subject is determined by plotting the six probabilities in the probability 

space. 

100255111m probability space corresponding to the six discrete clinical outcomes is graphically 

displayed as a hexagon in two dimensions. The physician establishes rules tracking 111111-leponitive 

35 subjects and possible advent of sequel lac. 'the rules are plotted on the hexagonal graph as lines as 
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illustrated in Fig. 17. The medical condition of the subject is based the subjes data's position and/or 

trajectory in the probability space. 

108254 In Fig. 17, the trajectories of two different subjects are plotted. Subject I has a trajectory 

that Hats with a highprobability of being a member of the DI(' nmdition I leweves, AS the 

5 subsequent time points are takmt, the subject trajectory moves away from the INC condition and 

towards the NR condition. When the physician notices the trajectory's speed and heading, at T v 6, 

he raises the dose. At T-  9, the subject's position in thc probability space has a high probability of 

It 	The 	assesses the medical condition of the subject at any being pert of the 	condition. 	physician 

point in time along the subject's trajectory. 

10 heads 100257ISubject 2 has a trajectory That begins in the middle of the probability space and 

towards the NR condition at T- I. However, aLT - 2, the subject's position and trajectory are in 

violation of the rule established by the physician and an alarm is sounded. The alarm alerts the 

physician thee the subject has a high probability of suffering from one of the dangerous clinical 

outcomes of sepsis. 

15 

EXAMPLE 3 

1002581Diabctes and Insulin Sensitisation 

1002591Subjects with non-insulin dependent 'One 2 diabetes are treated with a commercially 

available insulin snuitiza and are =Mimed for efficacy and safety wherein the primary ADP of 

20 Cill)Ce211 is congestive heart failure (UHF). The subject is monitored over a course of time during the 

clinical study. The method of action of the henna mad= involves re-establishing insulin 

sentntivity in the minim via antagonism of a nuclear receptor in the adipose tissue and the liver. The 

insulin sensitizer and method of action act to increase glucose uptake in the peripheral tissues and 

thus reduce the circulating stye:Ilia. 

25 (0026011A subject and a physician choose the best set of disarm clinical outcomes and rules for the 

subject based on personal information. The discrete clinical outcomes are response (Ft), non-

response (NR), and adverse diug reaction (ADR). Tin ADR is congestive heart failure 

(002611Ailer the three clinical outcomes are chosen, biomarkers most represemative of the medical 

condition of the subject are determined by discriminant analysis. The biomarkers representative of 

30 efficacy of the insulin sensitivity treatment are glucose, insulin, adiponectin, and reliant The ALA 

of congestive heart failure identifies the representative biomaikers as Brain natritretic peptide 

(RN?), amiao-temiinal-pm-FINP (N-1.111P), atrial natriuretic factor (AM). HA I), Troponin-C. 

Cardiac fatty acid binding protein, Myosin light chain-1, litynglobin, MMP-9. Using these 

bioroadcers and the corresponding historical data on the type 2 diabetes, a cluster analysis is 

35 performed. Each disease clinical outcome is assigned to a cadmic, of one of theclusters. 



[001621Before the subject is treated with an Wolin sensitizer, the subject is assigned a position in 

the probability space based upon the subject's data front the relevant biomarkers. The probability of 

thesubject belonging any of the discrete clinical outcome classes is determined using the 

Mabalenobis distance, from which a probability is calculated using a Dayesien estimation. The result 

5 of this calculation returns threeprobabilities correstmnding to the flute clinical outcomes of the 

example. The position of the subject is detaminsd by plotting the three probabilities in the 

probability space. 

1002631The pre ability space corresponding to tine clinical outcomes is graphically displayed as a 

triangle in two dimensions. The physician and subject establish ales mat important to the 

10 individual diabetic subject. The rules arc to neck the RR mid ADR conditions. When the probability 

of belonging to the ADA condition class increases beyond • boundary defined by the rale, an ilium 

is triggered. The dose is increased accenting to a rule when the subject has a high probability of 

being a NR. 

100264110 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 inwards the ADR condition. In this 

example, the subject may notice the trajectory's speed or acceleration and ask the physician if a 

change in treatment is accessary. When Subject I's trajectory crosses the dotted line towards the 

ADR condition, an alarm is triggered. The subject may react by going to the limp:tel. 

1002661Subjed 2 has a trajectory that heats towards the Nit condition. The dose of the immlin 

20 sensitizer is adjusted cerresponding to the rules established by the physician and the subject. After 

the &boatmen! of the dose, the trajectory heading changes towards the It condition. The example 

illustrates a method of the invention for monitoring a diabetic subject taking a commercial insulin 

sensitizer and, with the help of a physician, monitoring die subject's own condition at IMMIC. 

25 EXAMPLE 4 

1002661Grapbical RepreseMetion of the Clinical Outcome of a Subject 

100267111m example demonstrates a method for communication of the I mulls from the 

mathematical model to a user. The method is to plot a scrim of points and vectors in a space 

bounded by a polygon. The vertices of the polygon represent the centreids of clusters of discrete 

30 clinical outcomes. The position of the points represents the probability that the subject data belongs 

to each camoid. The probability of the point belonging to the diserme clinical outcome is inversely 

proportional to the distance of that point from the valet. Since the vertices remelt/al all the 

significant clinical outcomes, the sum of the probabilities for a given point must be I. 

(002681A set of vectors is created where each value of a vector represents the probability of 

35 membership in melt of the cluster". The modulus (magnitude) of the values is the probability and the 
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tO 

airmail (angle) of the 

and the resulting point 

vector points to 

is located in the 

a vertex, which are equally spaced. The vanes are 

composite probability space. 

Table 1 

-mined 

Discrete Clinical outcome 

Time Point R NR ADRI ADM ADR3 

1 20 20 20 20 zo 

2 25 10 25 20 20 

3 30 10 20 20 20 

4 40 10 10 20 20 

S SO 10 10 10 20 

6 60 10 10 10 10 

7 80 10 5 5 0 

8 100 0 0 0 0 

1002691For example, in Table 1, each 

labeled at the top, represent the probability 

row, the probability that the point is in 

and so on. 

(002701For the dam in the table a graphical 

that the surrounding polygon has five 

above. The first point of the set, al the 

indicating thin the montage probability 

others. In this example, as the trajectory 

of one point. The columns. 

of that cluster. So, in the first 

is in the cluster "NR" is also 20%, 

as illustrated In Fig. 19. We see 

of the columns in the tabular data 

is at the Center of the drawing, 

of the clusters is the same as the 

probability of the subject data 

row repiesents 

that 

cluster 

vertices, 

tail of the 

that the 

grows 

representation 

the position 

the point is a member 

"R" is 2004, that it 

Is created 

earl labeled as one 

chain of arrows, 

is in point 	any 

through time, the 
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reaches a final point that has 100 per cent thence of being in cluster "R" and coo per tag chant= of 

"it" being ellealiw,,. Oanwspondingly, the final point is at the 	vertex. 

1002711Additional information can be included in the output of the probability space, including the 

discrete 	 that defined the clusters and centroids. points representing the data of the 	clinical outcomes 

S Fig. 20 illustrates a graphical representation of the cluster data points. 

EXANtPli 5 

(002721Drug development Is an extremely risky pmposition. Ova the last decade, the failure MICE 

for clinical programs have been identified as high 90% with an amortized cost of nearly one billion 

to 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 target's role in the evolution and pathophysiology of the 

&mese; the testing of that hypothesis in an inappropriate, end non-predictive, animal model; a faulty 

hypothesis regarding a compound's MOA; inappropriate dosing schedules for individuals within 

target subpopulations, including inappropriate pharmacokinetirs/pharmaeorlpiamics (PK/PD) 

IS characteristics; and developing untoward physiological effects (for example. Adverse Drug 

Reactions- ADRa) in some segments of the petard population and this decreasing the therapeutic 

Pries for the compound in that population. 

(00273)This example demonstrates using a Type I biomarker fora compound within a particular 

therapeutic area to: (a) validate the undalying hypothesis regarding the method of action for the teat 

20 compound: (b) Identify, and then enrich. the appropriate responder sulimmulation in a confmnatory 

nial; and (c) develop a truly adaptive dosing protocol based on the individual PKs and PDs of the 

responder population. 

100274) A real-lime monitoring system. S used identify the ar,ergcnce of these characteristic 

stibp, gullet ions culler tether than later, to efficiently manage and control the clinical trial and allows 

25 the clinical research team make precise decisions regarding trial management. On a patient by 

patient basis, it ttolunkedly identifies the compound's effects in one particular trial sub act, and 

then physically Mating that patient's dosing regimen to accommodate a truly adaptive "Learn and 

Centime* model of drug development. 

1002751Longitudinal sampling of proteins is perthnned with each patient, wherein the proteins 

30 represent both the pathophysiology of the disease and the method of action of the compound. A 

standard cluster analysis is applied at each sample time point in the longitudinal sampling pax that 

is COMittiC111 with the evolutionary dynamics of the pathophysiology of the disease, and the 

purported niedunl of action and ND of the test compound. 

1002741Identification of the dynamics of the emergence of separate subpopularioes within the trial 

35 sample population can be pad farmed with two complementary clustering statistics: Cubic Clustering 
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Criterion ((.'CC) and the Pseudo-1f which help the end-user establish the number of clustas 

emerging within the anomaly as doinotistrated in Fig. 21. 

[002771111c aid-user uses both the statistics highlighted above and a visual inspection of thc cluster 

scatter plots to make the final determination as to how many distinct subpopulations exist in the 

5 clinical study. Guiding this determination will be a fore-knowledge of the number of treatment 

(mann) arms, and any fore-knowledge as to the chanuier of a passible ADR. The methodology 

will suggest a number of clusters to the end user, and will then present mit patient as to hialber 

duster assignment. 'Dm cluster assignmas and the !mown assignment ore patient to a treatment 

cohort or ADR 011990100 an then used standard assignment statistics to calculate both the sensitivity 

10 sad specificity of the assignment ads. 

(00278) Ma deeming that the clusters ate reasonably specific, the dynamic trajectories of the 

centroids of each cluster me characterized, thcir separation speed, end the distribution of speed and 

directions °latch patient in each cluster. LC for example, one cluster of patients is fairly 

homommeous in that they were all exposed to the compound at a given dose, and if the distribution 

15 of distances, speeds, and directions, suggest that 110111C may be slow responders, then the end user 

may decide that those patients should receive a higher dose. 

1002791Basod on the assumptions developed herein, in Wilco populations of virtual patients are 

created for each hypothetical patient whams. A time dependent Monte Carlo simulation is arm to 

identify the emergent clusters. After the simulation is run, a new set of mean vectors and covariance 

20 SillICIIIMS is established and the simulation studies are repeated. The sensitivity and specificity of the 

clustering assignment rule for each dynamic t measured and graphically plot is a receiver operator 

cun•c, wherein the diagramic vatiable will be the time at which the clusters were suggested. 

1002801Results of the aragent 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 demonstrates a dynamic subpopulation emergence based on cluster analysis of a Monte Carlo 

simulation of a two-cohort clinical design. At Time- 4 that is significant evidence for the 

emergence of two clusters while by Tine' 8 ibe bifurcation i9 complete and the satsitivity and 

specificity of the method am both 100%. Fig 22 demonstrates plots of the cluster calling statistics 

versus the hypothetical number of clusters at Time - 4. Fig. 23 illustrates markers of clinical effect 

Sn with the segregation of the marker apace as a falai ion of dose at the end point of a clinical study. 

EXAMPLE 6 

100211111dentifIcatloa of type I blornarkera Indicative of periodic dosing regimes 

(00282) periodic dosing, as a therapeutic strategy, is a mainstay fax the treatment of many chronic 

35 diseases or conditions. Foremost among these are anti-cancer chemotherapy regimens end 

treatments for amoiromune diseases. Whether therapeutically or in the context of an adaptive 

mod- 



clinical trial, the ability to both monitor and characterize efficacy and toxicity profiles for a 

particular dosing regimen in any given patient provides the clinical professional important 

informetion regarding the ultimate efficacy of his/ ha dosing strategy. The benefit of such a 

feedback mechanism is that the feedback is timely and represents the mechanism of action and 

5 clinical impact of the compound. Per example, in cancer chemotherapy, the feedback is provided by 

imaging technologies that help quantify tumor burden, which in ninny cases is not timely. 

100211311ths example characterizes the periodicity of the molecular efficacy measures to identify 

trends and other measures of clinical relevance (for example, increasing refractory response) to 

heftier aid in clinical decision making. AA demonstrated herein a rad-lime feedback monitoring 

10 system can account for the periodicity of the dosing mimeo and characterizes any clinially trends 

in the data. 

1002.8411bc systnn can he a statistically valid and Mast methodology which dynamically 

characterizes the time-depending profiles of molecular markets of drag activity in periodically 

treated patient nrapopulations which then uses that information re a real-tinse feedback monitor for 

15 optimizing the therapeutic regimen. 

1002g51The protein profiles of a treated population an 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 taken as a whole, act as a Type I brainlike-  for compound 

activity at the Mc of action. Additionally, if them is evidence that the periodic expression 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 the therapy. 

10021161Applying a time series-based statistical methodology to the longitudinal (within an 

individual patient) protein profiles systematically accounts for the periodicity of a given dosing 

regimen within an individual patient and Using that infatuation to identify and characterize the 

25 mergence of any clinically relevant trends in the response. This knowledge can that be used to 

both monitor a therapeutic regimen in an individual patient and to design and manage the dynamics 

of an adaptive clinical trial. 

10028711)y developing a valid longitudinal 'type I bionarker lot a compound's activity in the 

context of a periodic dosing regimen will: (a) validate the underlying hypothesis regiuding the 

30 method of action for the lest compound; (b) identify menially relevant clinical conditions 

comprising: growing refractoriness to the compound, target response to the regimen, and then adjust, 

as appropriate, the frequency or dosages of the trealmeut itself; and (c) develop an adaptive dosing 

protocol based on the individual PUs of the responder population. 

1002881 Using real-time monitoring and feedback to identify the emergence of these characteristic 

35 dynamics aids the clinician to make more precise decisions regarding  patient  Magness and/or trial 

management. 
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[002119) A statistical Time Series analysis is used to characterize the periodicity or seasonality of 

marker proteins in a patient subjected to periodic treatments similar to Mose employed in cancer 

chemotherapy, weekly Inelh011eattle injections. The system adjusts for the seasonality of the data 

train as shown in Fig. 24 and de-trends the responses as necessary, a one or two lag differcncing 

5 scheme as applied to Autoregfeetive Integrated moving Average (ARIMA) Models, to characterize 

the actual response profile of the patient to the therapy al ream. Fig. 24 demonstrates patient data 

showing the seasonality of two type 1 biornarkas over time. If two or more proteins markers are 

identified as markers, any temporal relationships between than (for example without limitation, the 

levels of drug in the blood and/or clinical readout) can be identified mid characterized using 

10 Distributed Lags analysis in the same modelingmetal. Each analysis depends on explicit 

characterization of the dostime correlations observed io the time sena, the Auteconclation 

Function (ACP) mid ha related Partial Autecorreladem Function (PACT)). Each of these functions 

can be represented as a vector of cone-latices which arc tbactionally dependent on the lag between 

measure,. The functions can be used to identify linear trends in the data, periodicity is the data, and 

15 nonlinear curvature dynamics in the data. The functions themselves can be visualized for inspection 

using histograms called correlograms. Once the data is de-trended and the periodicity accounted for, 

the individual spikes in the marker profiles are analyzed to tee if the compound is work:ng as 

especial. 

1002901u se first step involved in developing this methodology is identifying those proteins that best 

20 represent both the 	 of the disease and the purposted method of action of die pathophysiology 

compound. Once established, these proteins are sampled longitudinally in each patient. 

[00291] Basal upon she expected seasonality of the treatment regimen end the frequency of the 

therapeutic dosages, an appropriate sampr.ing frequency is established to eosin that the suspected 

periodic expression of the marker proteins will be captured in the sample data as. 

25 1002921 hit system automatically generates and ins:axis di iTmence time series with 0, 1, or two lag 

di fferenea comprising AMNIA (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares 

than to the best fit through Root Mean Square Error, thus appmpriatcly de-trending the data to 

make the maim getionery. Once a stationary safes has been established, the dc-trending parameters 

comprising the slope of a linear trend line is estimated from the data, and an ACT and PACT for the 

30 stationary sales is generated. 

100293f Any periodic eraression paeans ere identified and characterized as the period of the peaks 

and thew subsequent amplitudes. An example of this is shown in Fig. 25 demonstrating a titne series 

of a biomarker value mean the time of chemotherapy delivery. 

100294) When multiple lime series arc involved comprising two or more protein markers ander 

35 levels of ammounds in the blood, a distributed lags mobile is performed to identify mid 

characterize the correlations between the series and their lags. The methodology identifies the 
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dynamics of the emergence of protein marker wave tribe and to relate these back to clinically 

relevant events and/or the dosing schedule of the regimen. 

5 

[002951A Monte Carlo simulation of the methods described above using four time series was 

linearly increasing 	time sate, gcnaated using a stationary time sake, a time saes with 	 slope, a 

with exponentially decreasing affect to mimic patiatt-dnis attenuation, and a stationary lamaseries 

with linearly damaging peaks, to model pallent-dtug adaptation or up-regulation of metabolic 

pathways. 

EXAMPLE 7 

10 (002961 Time to Fever Spike and sepsis from time series measurements of Levels of Circulating 

Pyrogens and other blomarkers. 

[002971A patient with Acute Myeloid Leukemia (AML) undergoing in-patient chemotherapy was 

monitored using the methods and systems described herein with sampling of blood every four to 

eight hours. hit patient's ICIllperlitlIre was also monitored frequently. 11,6 elevation (> 1000-fold 

15 between consecutive measurements) was found at time designated rem in Table 2 and a significant 

decline >30 Vs between consecutive measurements 14 hems later. FaverIng dial noted eight hours 

Later. The methods herein would have anticipated the subsequent recognition of sepsis by 8 bows. 

Table 2 

limo, hours 	 Event 

0.0 	First elevation of IL-6 

8.4 	First fever 

14.3 	Significant decline in protein-C 

213 	Septic shock 

27.2 	Patient admitted to ICU 

20 10029111The system identifies the Mationehlp between the time to a fever spike during aggressive 

chemotherapy of leukemia resulting in fever sod dramatically changed levels of circulating pyrogcns 

(Protein-C, IL-6, II-lbeta, 1NF-alpha, IL-I0). This is performed by employing standard statistical 

modeling methodologies. The system can be generalized to other situations where sepsis owns. It 

can also he employed for other situations what.. SigliiihNIIII disease processes and outcome of 

25 therapy can be beneficially ptojectcd. 

100299IScience and engineering often involve using easy-to-nmsure variables, called factors or 

independent variable Gaon to orphan or predict the behavior of other variables, called responses. 

When the fedora are few in number, not significantly redundant (non-collinear), end have a 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 me-conditions should fail, multiple 

linear regression may prove to be inefficient or statistically inappropriate. In that case, one may 

anploy an alternative model building strategy termed Partial Lena Squares Regression. This 

methodology is particularly useful when there are may factors that might be highly co-linear, and 

5 when the relationship between independent variable hams and dependent variable response is ill-

defined. The aim of IS type of analysis is to constrict a good predictive model. 

1003001 Anticipaing the tiros to a Fever Spike based on statlaial models using levels of several 

circulating pyrogens. Fig. 26 demonstrates the relationship between parameters computed from 

circulating pywgen levels manned over time solder and the tinsetoripike (also labeled Lad 

10 Time). The rate of change and shape of the parameters ova time is determined by the ineldenee, 

time of infection, cam of infection, numbers of organisms, virulence of the organisms, and the 

condition and genetic meke-up of the patient. 	The activation threshold is the point at which the 

body physiology begins to generate a fever spike. The detection threshold is a parameter level at 

which sonic therapeutic intervention is indicated. The system determines the relationship between 

I 5 the pyrogen levels wad the depautent variable in the model, Lead Time, enabling prediction of fever 

spike early enough to intervene with beneficial outcome. 

100301.1 Ilis method and data provides enables anticipation of the time patients are most likely to 

experience a fever spike. The physician can that preempt andior ameliorate the inset of the fever 

event, for example by providing prophylactic antibiotic therapy. 

20 100302E11re treatment of pet lents with Acute Myelogenous Leukemia (AML) is used as an 

exemplary case. Such patients are often treated with a course of induction chemotherapy Impatient 

chemotherapy typically using more than ow drug and intended to eliminate all cancer cells). An 

undesired side -effect of the induction de:moth:ropy is usually febrile neutropenia. This oowrs 

because infectious microorganisms can invade the patient due to the inactivation of active Mummify 

25 by the chemotherapy. The definition of febrile neutropenis is the fever spike, a clinician defined 

state in which the patients temperature measures greater than 39 degrees Celsius or in a ex hour 

period two oonsecutke patient temperatures measured greater than 38.5 degrees Celsius. 

1003031Fever, as a defense mechanism, results from the effects exerted on the hypothalamus by 

These 	 from 	immune 	during circulating cytokines, called pymgem. 	cytokines emerge 	the 	system 	an 

30 inflammatory response. The best ',mown of these era 146, IL-I beta, and INF-alpha. The purpose 

of this example is to identify a patina of enabling pyrogens lading up to a fever spike, and, from 

than, build a model that best anticipates the time-to-spike. 

10030411he methods developed in thc studies may he generalized to generate a monitoring 11)V1115 in 

other Idgh-risk disesse states and therapeutic procedures. 

35 (00305111m system builds a statistical model chantetesizing the relatimehip between the time-to- 

spike and the circulating levels for two particular protein, II-6 and IL -1 beta. The system, while 
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independent of measurement means. requires frequent sampling in the period prior to the fever spike 

(anywhere from 3 to 6 measures per day). 

(00306)The flint step involved in developing the incxliodology rapines one alarm:lair:nice of fever 

in well defined categories and to identify, as closely as possible, the time of the prat fever event. 

5 'the definition chosen was that either the patient's temperature measure greater than 39 degrees 

Celsius or Os sit hour period or two consecutive temperatures are recorded greater than 38.5 

degrees Celsius. 

1003071 Individual patient data for the circulating levels of IL-6. IL-I beta, and Tb1F-alpha end other 

biornatiters were recorded in a diabase, based on the sampling interval. The samples in the study (3 

In measures per day at 8-hour increments) were subjected to post hoc analysis, and used to populate the 

model. 

I0030131These markets were SCIOCted basal upon • number of airrent studies which slow that 

patients with Sepsis Syndrome have elevated levels of circulating IL-I beta, IL-6, and 'INF-alpha 

when compared with critically ill patients without sepsis and normal controls (Casey, L. Annals of 

t 5 Internal Medicine (1993)119;8:771-778). 

100309J1L-6 predominately regulates the synthesis of CRP made by the hepatoeyte (liver) in the 

acute phase response. Transcription of CRP is also regulated somewhat by INF and LL-1. CRP is a 

pentraxin protein which binds to phosphocholine on bacterial cell walls, endogeacus cell 

membranes, and apoptotic bodies. Inflammation ceased by infection/ sepsis, inflammatory and 

20 Ruthenium° disorder., traumatic injury, and Mlle malignancies, CRP 15 sea in increased amounts 

making it a useful biotr.arker in monitoring sepsis and infection. CRP production is not affected by 

focuses neutropoia. There is an abundance of literature which 	on CRP levels during neutropenic 

fever and in diagnosing the severity of febrile ;madames. 

(00310] Protein C is anti-coagulant protein that is synthesized in the liver. It plays an important role 

25 in maintaining coagulation bomeonsis. Protein C is activated by thrombin Into an active protein 

which along with protein S and phospholipid as cofactors, it cleave coagulation factors VIII and V 

this inhibiting 	 Rectally, basin C's 	 have been coagulation. 	 anti-inflammatory responses 

discovered. 

1003111Palients with sepsis and septic shock have Protein C depletion which may 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 activated Protein C. Protein C can be used as a 

bionvarka in the diagnosis of sepsis in patient. and as a therapeutic agau. One study found that 

concentrations of Protein C are proportionate with severity of neuuopenic sepsis at fever onset. 

1003 l2lTen adult leukemia patients receiving chemotherapy were enrolled. Blood sat nplos were 

35 taken every 8 bouts prior to the owe of the fever spike and then every 6 hours until the end of the 
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observation period. Thomann analysis was performed on these sample. Pathan sampling of 8 

hour prior to fever spike and 6 hours after fever spike observed. 

(00313IA Partial Least Squares model was constructed based on the pre-spike (36 hour window) 

measures for IL-6, ILI -beta, and114E-alpha and their sample-to-sample fold changes. Given the 

S data set derived ftom this study, a minimal sampling period of 0 hours and a minimal window of 36 

hours pre-spike is sufficient to derive an anticipativemodel of the time to spike. 

1003141Quantitative Riomarker concentration data was delved using well known ELISA 

immunoassay known to measure IL-6, ILI -beta, and THF-alpha. Concentrations measured in 

PllheL. and sample-4o-se 	fold changes in concentration were recorded and analyzed as follows. 

to 100315)Theamendration data were first visually inspected for Gaussian normality. Because they 

log 	distribute! 	 by 	 the log 	die 	data were 	mwmally 	the slats was transfented 	calculating 	of 	raw 

measures. Based on these measures, an initial Panial I cast Squares regression model was Ina that 

included all three pyrogens and their fold changes from sample to sample. This model chwacterized 

the amount of variation accounted for in the covariance structures of the dependent vectors (times- 

I5 to-spike) and the independent vectors (pyrogen levels). in this data se there were more independent 

variables than degrees of freedom. To address the problem. standard statistical model building tools 

like top down elimination and bottom-up addition were employed. 

(003116ITIn full model (11,6, 11W-alpha, and IL-theta, and their sample to sample changes) 

accounted for the pameolage of the variation in the whole model covariance structure and the 

20 percentage of the variance in the dependent variable (time-to-spike). Using feature selection 

processes comprising and not limited to bottom up model building and top down model building, a 

series of seven sub-models watt developed. 

(00317111e chosen lintel included log(11,6), log(17.-11 beta), Iowan:pie-to-sample fold change IL- 

6), log(114F-alpha), and accounted for 93% of the total model covariance and 21.5% of the variance 

25 in the dependent variable (time-to-apike). 

1003181The model is given by a gandard nadlipla linear regression equation web the following 

parameter ad: intercept m 363; log(13.-6) v 4.0; log(IL-6 fold channe)s. 2.4; log(ll-I beta) — -11.3; 

and log(114F-alpha) a,4.4. Each measure is a point-in-time measure at the observed time-to-spike. 

For 	 hours 	 fever 	log erample,24 	prior to the 	spike, the 	of the concentrations of 11,-6, IL-I beta, end 

30 dick sampinto-eample fold changes from the 30 hour time treed are ethics! to the model using fitted 

parameters. meaning the coefficients of the Intim model. 

10031911be final model was selected from the seven total soh-models because it accounted for the 

highest level of the percentage of variance in the (+Tenant vector. The final model included log(11, 

6), log(11,1 beta), and the logs of their sample-to-sample fold changes as anticipators of time-to- 

35 spike The sire of the anticipative window of 36 hours was selected by clinical relevance but is not 

limited to that anticipative window. The selected tnodel equation is as follows: 
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llese4eapiken36.64Plog(11.6)+24•LeMIL-6 fold ebsage).0.3*Log(17,1 

bent+4A*Leg(TNF alpha) 

1003201The results of the 10 pallets were evaluated in this example fa their bionarker patterns in 

the 36 hours prior to fever mikes. The data for each of the pyromme red their sample4o4ample fold 

S changes are in Figs. 27-32. Fig. 27 is the IL-I beta concentration mama time point met. Fig. 28 

le the sample-to4ample fold change for ILI-bets versus time point mamba. Fig. 29 is Melted 

amombetion versus time point number. whale patient 4 beanie septic. Fig. 30 is the sentple4o-

samele fold change for IL-6 versus time point number, wherein patient 4 became septic. Fig. 31 is 

thell4Felpha concentration versus time point number. Fig. 32 is the sample4o-aarople fold change 

10 fix114P-alpha versus time point number. 

(1193211The model anticipated the tint-to-spike in all patients and explained the percentage of the 

variance obaavoi in the dependent variable. Patient 6 had ATRA syndrome and thus is outside the 

patient population used to construct the model. 

(00322)The residual plot for patient 5 Is given in Fig. 33. Patient 5 has a fever spike and no 

IS decreasing markers. Temperature in degrees C (right scale) bionseker concentrations given in 

pg/mL, wherein IL-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-systanatie, meaning randomly distributed about the zem-ax is and the size of the 

redder& is no more than the pacentag. 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 dine-to-mum of 31.9 hours when the 

actual time4o-spike was actually 34 hours as demonstrated in Pig. 34. Patient 4 data points showing 

decreasing PloteinC with Increasing 11d just prior to fever spike. Normalized parameter is the 

25 ratio of tbe (parameter value at time t mime' the lowest VII hit in the range) to the Wake= between 

the maximum and minfrixem value of the parameter. A residual analysis for Patient 4 yields an 

excel lent RI to the data measured In patient 4, meaning the residuals are randomly distributed about 

the inn axis, and no tesidual is greater than 20% of the anticipated time-tevapike, as derived from 

equation I. 

30 1003241In conclusion of this example, induction cancer chemotherapy is only one of the underlying 

etiologies of sepsis. Others include, but are not limited lo, severe hum arid thermal injury or 

traumatic injury. In bum and traumatic injury, the patient expresses an alter alien in the tumuli° 

system resulting in a predominance of theT Helper-2 Lymphocyte phenotype, where the phenotype 

of the helper cell population switches from ThI to 112. This is termed the Th I -to-TIO switch and 

35 makes the patient more susceptible to the onset of infection. Fig 35 is a schematic of the "1111-to- 

Th2 switch and the cylnkines repraeming each phenotype. Once the patient becomes infected, if 
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the underlying pathogen is identified, theme and spread of infection can result in a systemic 

hillarninatory response which is called sepsis. If the pathogen is unidentified, the inflammatory 

response is termed Systemic Inflammatory Response Syndrome (SIRS). Tien, the underlying 

etiology of progression to sepsis can be captured as a process divided into three physiologically 

S 	distinct Servals: Susceptibility to Infection, with is represented by the 'lb I Alit switch, 

Infection, and the onset and progression of sepsis/SIRS. The markers relevant to progression through 

the monitoring of each singe ate shown in Table 3. 

Table 3 

Sepsis Onset 

Sequoias 

and I. Sepsis Onset 

a. Protein e 

b. 11.-lbete 

a L-8- 

d. Procalthortin 

e. L-10 

II. DIC 

a. Von Misbrand Factor 

b. Procalcitonin 

c. Neopterin 

d. TNF-ci 

si. 	Protein C 

t. 	PAF1 

9. (Pro)Thrombln 

III. ARF (Acute Ronal Failure) 

a. Catelinine 

b. Cysts C 

IV. ARDS 

a. Von Misbrand Factor 

b. 114 

c. II-8 



d. 	IL-1 

o. 	II-Ira (IL-1 receptor nonfat) 

f. 	THE 

V. ALF (Acute Liver Failure) 

a. ALT 

b. MT 

c. GOT 

d. LOH 

a Alkaline phosphalase 

f. 	Protein C 

18 

(803251F1g. 36 and Fit 37 dammerate that the vyttem uses an equation that is anticipative of 

sepsis using the Squared Maholseobis distance equation and Damian Probability. The Squared 

Mahalanobis Distance is' 

D)2(x)= (4 -1)11-1(01rIssrafr1,2., 3 

and die ftayesian probability is: 

Pr(Ix)' eaPf•O•SD? DOYE04(0.3nt2(x)) 

when:110s the mean is vector representing the =gold of the patient population and j 	the three 

daft:rag outcomes (sepsis, lova, infection). 

(00326IFig. 38 illustrates a graph is time of a plurality of marker proteins for a patient in a sepsis 

trial. The time of the onset to sepsis for this patient is marked and all pad MIS leading up to that 

point are rale/sot to the determination that this patient became septic. 

1003271 Fig. 39 Mattel= a Myriads time course of two paniadas markers (protein C and G- 

reedily protein) In the same patient. The change in direction in the outer of the graph represcnis a 

!lipid onset of disease. In ibis example, a patine rapidly deteriorated snit was illorsisted as septic in 

a very particular region of the bivariate space. In this example, the sampling intervals are fairly 

regula.-, therefore the length 

this particular space. 

bionnrkers in of melt line segment represents the rate of change of the 

70 
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CLAIMS 

WHAT IS CLAIMED IS: 

5 1. A method of predicting the occurrence of a medical condition that requires medical 

intervention, the method comprising: 

a. measuring concentrations of a first set of biomarkers present in a biological 

sample obtained from a subject at a given frequency, wherein the first set of 

biomarkers are suspected to be predictive of the medical condition; 

10 b. based on the concentrations measured in (a), generating a subset of biomarkers 

from the first set of biomarkers, wherein said subset of biomarkers comprises 

either or both of i) a subset of biomarkers that are more correlative with the 

occurrence of the medical condition, and ii) a subset of biomarkers that are 

generated from a new frequency of measurement of the biomarkers; and 

15 c. measuring concentrations of the subset of (b) and/or following the new 

frequency of measurement of one or more biomarkers, thereby predicting the 

occurrence of the medical condition. 

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

20 concentrations with multivariate statistical software. 

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

appropriate fold. 

25 

30 
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METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES 

ABSTRACT 

5 Described herein are methods and systems useful for characterizing clinical outcomes 

of a subject. Provided herein includes computer-assessed methods, medical information 

systems, and computer-readable instructions that can aid an end-user in diagnosis, 

prognosis, and treatment of a clinical outcome. 

10 Figure No. I 
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