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 5March
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 10
tests, patient surveys and office visits at isolated time points, all of which are not sealable 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 ISincreasingly
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 aRPANSHESHIESIPRHEHEEIG AR BXEEGHSA%of a clinical trial. 100031
Multivariate statistics are generally concerned with determining a statistical distribution of 20 an
outcome or a series of outcomes based on mUHBTE*VEHABes. Inherently, most medical conditions and

treatments are multisvarﬁ;ﬁ‘{@ Hg‘g‘;ﬁ&?ﬁé“&i&rﬁﬁ’é‘ﬁ?{f’é%:gifﬁ:éﬁ“ib“ mtl’:(g“fié”éﬂy‘f‘ & 8isSeries of a vast number
of disease biomarkers 3d thé et B A B ST mmatunized analytic systems have made a new

paradigm of patient care that makes mujfypial6, 3Rphisia,(aasible: A desirable new paradigm would

provide rapid access t hnIoEmatLon characterizing clinical outcome and then automatically 25linking
. . 0002]” Conventional methads for assessing ¥ patient’s clinical oulcome are priniartly based out ” .

that information througc.custorplgcgtc;ln £9 munication channe %d§g0mg'laﬁt.th 91903'&%(1 medical actions

ndciang’ judge past expetience. 1he convention Y involve Tabor!

(adaptive dose ranging, glinical decision.making,and.so.ferth).can bsperformed.Also desirable is the
ability to integrate inform@i.%fmm& individuals-blaadiests with.atherphysialagically relevant
factors, and present that,informatonda.anactionablefamat-Lhgdechnelagy.described herein satisfies
these needs and providgs selated.advaniagas. asmelb-30SLIMMARY.QF JkEANVENTION [00041 The
present invention providessa.nedicalinformaton-sysiem; iensubjectdata-analysis. In one aspect, a
system of the present inventigriis.paiticulad wusehidiferadvansingiheddiweohdlood testing and data
analysis. For example, ihesystenmgandhe par-ofianiniegiatedrinfastruciuse Huilt around real-time,
point-of-care consumerbioodimeniormg-desicesinhiciranalyr &sansmattdsiosd 35sample (e.g., 500 id,
50 ul, 25 ul, 10 ul or evenicegg) and wirelessly transmit that information to a database which integrates
real-time data with storéfidtefrinreidisparate databases(paticnt recoid Jgtrieté/ genomic
information, data frém pivestaletrisdlsiritsorebedmralirspositonfbé sysmstivtetiatiows for the
automatic application offititivatTate rtidinter St HaPieirifde ettt Yepository to perform
specific conunanda or f48KRE @5ty tEHITY teartifre PIUPT Rirdwitcalt it the'Context of the
pathophysiology of a giv&H THESHESEsHitEH STHbUB] TH-En St AEhE: 4 8748 m of the present
invention can be Usgd l)&)ﬂlﬁ?gwrw éwfaéﬁélfoafiaiwéc clenizing clinical outcome and then automatically

linking that information through customized communication channels so that the desired medical
agtions (adaplive dose ranging, clinical decision making and so forth) can be perfonmed. Also
desirable is the ability to inteprate information from an individual’s blood tests with other
physiclogically relevant factors, and present that information in an actionable format. The

technology described horein satisfies these needs and provides related advantages as well,

30 SUMMARY OF THE INVENTION
[#004] ‘The present invention provides a medical information system for subject data asalysis, In
one aspedt, a systern of the present fyventlon is particularly useful for advaucing the lutuwre of blood
testing and deta soalysis, For example, the system can be part of an integrated indrastructure built
around real-time, point-of-care consumer blood monitoring devices which analyze a small blood

35 sample (e.g., 500w, 50 ul, 25 ul, 10 ul ot even less) and wirelessly transmit that informetion to a

database which integrates real-time data with stored dala fiom disparate databases (patient record,



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, reatiime blood monitoring has significant implications which allow one to collect
information which is otherwise not available through the use of the conventional laboratory testing.
10(0006] The medical information system typically comprises (a) an input device for receiving subject
data and in communication with a processor; (b) storage unit in communication with the processor
having a database for: (i) storing data corresponding to a probability space defined by a set of discrete
clinical outcomes, each of which is characterized by statistical distribution of at least one biological
market; and (ii) storing subject data corresponding to the at least one biological marker; 1.3 (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
trimatnits information relating to the discrete clinical outcome of c) to an end user. [00071 Non limiting
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clinical outcome that tt‘?eem §?‘°‘“’° S'adapted t T’(5“E{?U§dlca can be selected from fhe group consisting of but
it nigimensional i cs to the

tivariate, oy

ailow or the auto caum pf
not limited to: completgc respo pe[g:(; 5 ﬂc 0 ggasg oﬂr;sga AR S mmlg[gpg liseas qy%‘O(SR)

ext o

System, the end user CARSPE. B agipml Q@L%@QJ;@L&MEL@@M@&&@mﬁm Hhersglf. In some instances,
the end user is from a Bgl}g JIL%%%MQI&QQJQQQMch[;QxQQ%bIQa ene.asesidhepracessor of the system
calculates the position gf.said subiect Aata. iRsaidarebabiiy.space.asamayekassessing the
probability of a discrete,glinical-owWeome.Qf.said. subigat.d SiR0AS] Inansthataspect, the input device
of the system comprisaes.aeuahisciaan. Where-desiiedthennpuhaystem.caneomprise a data entry
portal or a keyboard. Towessubjeeatdatabta-betnputintanppre cessed By of ikamsmitted as an output by
the system can be textugd mimerieaia-anegorysireredesinedsdredtextuahor numeric information is
solicited from the end user-ki4Q4 Bt someinstancesihetsubjecivetakepiesent mmtsureinents of
the at least one biologigak3ae dwinanker-presentyricasidoaityfllic-risorminstineesthe measurements
are obtained by a pointigfgatesdevic e)tivattsspareroarihelisatiect: Meivhedsurements can be taken
at various time points t© yiekdser teajerkirysaitiitnoteie prieiabilitgspkiby whrerershid trajectory
represents a time seriegoitierebdisstdieimidarsetetme e vatidus tmdpsitits can cover a period
of less than or about 24*HotiFE U rrd it Ahoter SEpLetm& fetitarfformation system comprises an
output device having aH“§5§mb‘ﬁiﬁ%Fé"ﬁTb?’f°§§f§t‘éﬁ‘i""T‘Ffé“é’ﬂ‘ﬁﬁ?’ﬁ’éﬁ‘&"é"f‘éf’f ngé?ﬁ“étﬁn be programmable
by the cod user. Wheré‘"‘t‘lb@f’ﬁéd‘g thi *5’&6‘&?&1.%“%@%{%"%%&&? RBrEyrantHaBi& B5%al on a predefined
protocol for a clinicAl tfial " Th aRGtRar Akpeti® the Gl 'f ”"{“d%*i/t‘“"“yf’ ‘heg";f/'"?d"f”n transmits selected

L tom, 1] f el or the subject
portions of the subject da d[ 8 and fﬁemr"bbw"“fﬁ%”? ac Efrs’ln?esg)on“s"'e“t(’)misr‘is?ructlons from the end user. In
ame, instances, the end user is fical compan
yet another aspect, the' | cforma fion ansmi b 11e ouﬁpgt dewcg Is en %pted In still another
t, the mformatlon transmitied b cemgﬁ nc?léue]atr ”mtmm AN 8ssess e nt of the clinical
aspec a‘nl 1y spage ﬂ‘&ﬁ ﬁsaesqm ) %J\{ﬂy Ufﬂ re ec uuca?uﬁwme UF‘S 1§ Enq

outcome of said SUQJG%G% ‘%é%!f‘gmpw"ﬂe ok P(lavmcoft §S£Q£9£<!Ll%¥489f$5&9e§e@'@?ed; by fhe output device can

represent a time series, of n&g%ﬁ%g%% 1 clinical QicomSEn:9Qkah; 0 Still angther aspect, the input
device and/or the outpyt deyice, of the.sysiem.compises.ausel inferace.thal an.remotely access the

network. desired, the textual or numeric information is solicited from the end user.

{018) Tn some inslances, ihe subject dala represent messurements of the at feast one biological

30 marker presentt in a badity Juid. In sore instances, the measurements are oliained by a point-of-
care device that iz operated by the subject. The measurements can be taken at various time poims to
yield a trajectory within the probability space, wherein said trajecfory represents a time series of the
assessexl climical owteome. The various time pobits can cover a period of less than or about 24 hours
[H011] In avother aspect, the medical infonmation system comprises an outpul device having an

35 automatic alext system, The automatic alert system can be programimable by the ond user. Where

desired, the automatic atert systen is progranunable based on a predefined protocol for a clinical



(0013) In yet another aspect, the medical information system comprises a network 1010014] In yet
another aspect, the storage unit of the system stores historical reference data of a plurality of subjects
in relationship to the at least one biological marker. Where desired, the data stored in the storage unit
are selected from the categories consisting of pathology, anatomy, treatment option, treatment
outcome, pharmacological parameter, phannacokinetics parameter, psychological parameter, and
parameter, and genomic information. The database can be public, internal. 1510015] The end user of
the medical information system can be a health care provider, including without limitation a Health
Maintenance Organization (1-11340). 100161 The present invention further provides a method for
characterizing the probability of a clinical outcome of a subject. The method comprises the steps of (a)
constructing a probability space defined by a set of discrete clinical outcomes, each of which is
characterized by a statistical 20 distribution of at least one biological marker; (b) obtaining subject data
corresponding to the at least one biological marker; and (c) calculatlng the posmon of said subject data

in said probability spacg&" {ﬁ"é‘l‘*‘éﬁ?p&‘lﬁﬁféé‘i&ﬁﬁ%&f %ﬁe"m “B’s"r’)“ Ty T tHeR th‘f‘(c:ﬁ‘l’j %come of said subject.
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100171 Also provided T%dg'e LS KOREAE I ﬁgéf?ﬁf’z"f’ﬁiima“é;ﬁf 3 m efﬁ'gt 8’5‘855’ Ject comprising: (a)
rmntmn transntilied by the ou ut device is an:) g, the informatio
constructing a probabll' qumlpage Wi T’nﬁ rver é”k')’ef oisp‘gq)e Is defined by a set of 25
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one biological marker (D) s,‘gntecallngh_‘:l data of a su :)ject Into the server, said data correspond iug to the at

least one biological magker; and, (). calcuiatina e Agsition,ehsaid supissL.dala n said probabilty
space thereby charactg;ggmlg,m%gbmlg@[y%ggqmgm the subject. In sonic embodiments, in practicing
the subject methods, agdapst,steps.hand.c.am8 fepeatedal varousdime points to yield a trajectory
30within a probability spage. wheisinsai ikaisctonds dadicative.of thelikalihaod of progression to the
clinical outcome. The suhjgGt meihods:can comprsadhe stepat-notibiagaanmedical personnel or the
subject of a need for takiag: a-medicakaciion wvpon-assessiHg-@sehakaciezing the position of said
subject data in said prebakiiispacelaseme-insiancesthe medicalagiendnvolves at least one
action selected from theygrotip! consistingobalitrng d'dosbge-or-aniexisting therapeutic agent
35administered to said8tibjBetracminmsteiingierdifferentattérdpegterdgartdand administering a
different combination ofitheFajpetic-agenitsrotiffeationd A medical action can be electronically
trimsmitted, e.g., witelé¥4f, Trarrermittet: THE sotifeerire tctecarrtiterertstbrise step of, upon
selection of the at least'8ffEaetion? Perfofriffity arrttitcH A% dRaIVEE e HS8E8EHY a result of said
selected action, and autBri&tes ﬂﬁﬁéﬁ“ﬁ‘ﬁ“tﬁ@”ﬁr‘iﬂﬁéﬁﬁfﬁ‘/‘b‘f“é”‘t‘.ff%’r@t"e“ﬁﬁ‘f‘fi’bal outcome of said
subject. 5(0111.81 ﬁ‘—’ur’llﬁtéli’"ﬁf‘d{ﬂ ?ﬂ“lﬁ"tﬂ‘@‘”ﬁlr’é”g‘é‘t PirVEHGH TS EBmpater fagdEble medium
comprising computer r&SYABIE MEHURGOTE Wi R WIaH BRE: dd“(?“m"ge"bﬁ"’ﬁhf Céssor to: a) provide a
probability space deflnéede‘ﬂ R tai"“’l”’h'* ChRICATSH %’5’ < SUEJach of which is characterized by a

lide] '()Vldb!} J’I : 913 if} 0 mrzu,tm z.mga A oufc.omco Ll _[E Jﬂslﬂ
statistical distribution of {Ieas o% biolo (o i 'mark i mg)agjg‘ty U ch corrpspondlng to the at
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east one bio OgICa {naJ cme’c irricai o cnm&; eac 1 G wiugns Blarac mlmey lhe siiSl]lE!m uuono al llleisal probabi Ity space
to toassess the probabijlity of n C|Iﬂép%l outcome of said su lglectmpdgleneralHm@m JDstructions operate its
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software runtime envirQnment, In,0Ne ASREFLING. NS IUEHONS SN LXEsHISH, fuyther causes a
processor to provide a yser.definad.aler.cqandilion.based,en an.assessment,Qliaiectory parameters

the subject methods, at least steps b and ¢ are repeated at various time points to yield a trajectory

30  within a probability space, wherein said trajectory is indicative of the likelihood of progression Lo
the clinical onteome. The subject methods car compreise 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 by said probabiily space. lu some instances, the medical action involves & least one
action selected from the group consisting of altering a dosage of an existing fhormpeutic agent

35 adaninisicred to said subject, adminisiering a diffetent a therapeutic agent, and administering a

different combination of therapeutic agents, Notifieation of a medical action can be electronically



of the subject data in the probability space, wherein said trajectory parameters are at least one of
speed, acceleration, direction, and position. 15(00191 In an aspect, a method is provided herein of
predicting the occurrence of a medical condition that requires medical intervention, the method
comprising: (a) measuring 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 biomadrers are suspected to be predictive of the medical condition; (b) based on the
concentrations tiresome in (a), generating from 20the 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 hiomarkers, thereby predicting the occurrence of the medical
condition. 100201 In some instances, a method further comprises analyzing data reflecting the
concentrations 25and/or the physiological indicators with multivariate statistical software. In some
instances, the b|oIog|catﬂmafkets“are“bﬁe§é‘i‘tt“lN‘&“‘Bﬁﬁt@@i‘é‘é@&'ﬁtﬁFé“‘é“f“ééﬁ‘tffs‘lﬁﬁ‘]ect The biological
sample can be diluted Byeinossrisiizs o kR o ensyre ey th e 4f Ftﬁﬁﬁ%l’t‘érfﬁhge of concentration
level is detected. 1002 i stiutHérgspatt Hayeite S MBI o L STRISHSHRY 88H5is development of a
subject comprises; me&Stiting at least two parameters selected I0|n the oup of (1) body temperature
of said subject, (2) 6roﬂ§'tt?‘(‘f“ﬁ‘6?féé‘ﬁ‘t‘tﬁﬂ Bt &L Bmm&‘ " écz in (l)(%‘ffkcd "(ﬁ -6) concentration of
sid subect, mlile UMY TSN i e b qo? 1L-6; and whereir
an increase beyond nof’maﬁ) g,i’ temp bmmlcaye’3 Y )Dgrea JCCmmproteln dmgg:ca gentration and/or an

bution of.d least COTTESpOn

increase in 1L-6 conceptation s indicafive of the development,of.SeBsia .aaid subject. In some
aspects, a decrease in profein G and an increase. of 1.6 fane.ndisative,ofdhg development of
sepsis in said subject. i 3550me. AIELASRACS.A0LLAASE N AIOLRIMG aRd.an increase of IL-6 and
an increase beyond nogmal.hody:iemperatvie: canhe.indicative.ohhe:devglepment of sepsis in said
subject. In sonic instanggs,«an &t ieast.abeulL0-feld increase inlke6 £anseniration in said subject is
indicative of the occurrgRge.Qf-sepsisithsaighsubject. In a further instance, an at least about 100-fold
increase in 11.-6 concanication.insaidsubjectisindicativenpftheracean-cas: of sepsis in said subject.
This method may furthes.gcemprise-thestep-ohincreasing-fregueacy-ofmeasuring 1L-6 concentration
upon an 5increase beyend:nemmakbodytempernature andiara deergagedmiprstein C concentration. For
example, the frequencyefdiemeasurement'Gedlibésircréaset-teroncasdtday, once every 12, 8, 6, ot
4 hours. A determinatiordf-thetovetinrente o segsidmeay bopromptlyfoltewee By an appropriate
medical interventior! 110022} Aisg degeribetirereitisd rotiodforerratastétizing a medical condition
of a subject, 10 comprisifoostainirtgrafirseiserarsiBiEcrastacotiipiints at least one biological
marker and at least one*psiysivtotieabparidteb o e Junfee el geterriinig the probability of a
medical condition of the"SubfeEert &l thd fst-setBrstibfett s btained; selecting a second set of
subject data from the pRSBRITRSF S e HEMAIESHBTTRR Gt SUtRHm G thES8E8hd set of subject data
from the subject, thésreﬁﬁiyﬁfﬁﬁf"a"é‘fgﬁﬁ‘i‘ﬁﬁ e AT C SNt Ot e daBie uBject: T75100231 In yet another
aspect, a method is dlscT S 6‘?‘7:%amnt“b"ﬂ??§“ anedicity oF %}TETF'“;:%T“ s’f"f!f’(flflcl)n of a subject, the
mthod comprises: eI 44 BOTl L ST eV oo oaning
longitudinal subject data corre on 0 at ecaﬁt) one ulpomp}(mey lcmpmmm;ssms (o) E_01 taln a trend of the

bi d | measy dn% £ "15 two pa met seleet glti b k
su JeCt ata ana yZIng %an!otem gcomen?ntmn of, uufy B%ert,l m?crEN mrt]gl?v?) !;[)]nct‘mgatggo sm?t bone lornar er measu“ng

values of peak measurgments, of g Reriodic gmanaea ofdhe.frend; and 2Qcharagterizing the values of
the peaks thereby Cha@%ﬁﬂ&ﬂ%&l}%&%h@g&%}’a& nm\%&m&@ﬂ}ét{ @L@MQQL&&QQI"I@E‘ In some instances,
the analyzing step compfises:develarng.aRARIMA madelia.determing a.differgpcing lag in the
underlying model. The diffesenging:lag.can be usaado.dadead. thekgnd.and.gstablish a stationary
trend. In some instapces.ihe-apalyzing.alepcompiisescalewlating anauacerglation function and the
measuring step comprisgs.ddentifying. the.statistically-ed.sighificant.peaks.dothe.autrwamelation
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 apex:trunk of the maximum spectral density frequency.




100241 In an aspect described herein, a method for monitoring subject response to therapy
30comprises: 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
35characterized by a time-dependent behavior of pmic levels of tine trend. In some instances, the
time- dependent behavior is substantially constant. In other instances, the time-dependent behavior is
changing linearly. In yet other instances, the time-dependent behavior is changing exponentially.
100251 In an aspect, a method is disclosed herein for characterizing the emergence of clinically
relevant subpopulations of patients exposed to a therapeutic agent, the method comprising:

5identifying a set of bionunkers in a blood sample that net:lasbsurr Pate mlarkers for the therapeutic
agent; measuring the saéf‘b”fsﬁb(‘im&ﬁ(‘é’?%mfsmut DCE’“]'im“’f”’Hal Y ‘m”ﬁ o féer‘ﬁ%mé”)’(cf)osed to the
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therapeutic agent; |den‘f| s"gmﬁlsﬁﬁct cl“usfers in ag“mgﬂ E&%IJH f Ting gg ace of the measured values

et tl tive of the o
of the set of biomarkers ?rf)’rp'mﬁnsa“ DU of I maal tients- rminin e raje,of, separation of the distinct

compx%rgup c rcaqmg d]ucucy measurin cm]um TAtitn u
clusters and measurlnth e distance stinct clus er astat|§t|cal manner; 10obtaining

ey O norn:xl ra ure s.n or q Eecwaw i protein cnncmtm!

patient information from{fie gmuEzmfmtg%mg,ctuqmela%mmtmmgs in. cligically selevant

subpopulations; and annparing.ihe.dlisinel.clusters.ia the.slinisaiveleyant,suhpopulations to
characterize sensitivity,and sRegificity of the distinct clusters to predict the clinically relevant

subpopulations. In somaifstances.themeibed fuhanearpises-ddentifying.a second set of
biomarkcrs configuied ta.papr exasihescharaciprization:ef the.emergeance.of distinet clusters to
15predict the clinically relgyvantisuhpepuial ioas.dsame ikstanees: {heigrevup@bpatients exposed to
the therapeutic agent arespasticipaiTs i.aclinicabitial dr-same-distances, Haedwslinical trial is a dose
ranging trial. In other instawees pthetclincabtralisian partoianedaptivecolinieaidrial. The adaptive
clinical trial can be desigred:tecehatactetizeatioptimalidosing regimen or can be designed to
characterize an optimaldtegspordetpopulationt fd<omer frstarcesydetimeasining the distance step 20
comprises measuring thredftatiatain bsrdistameechdtwet the distimefelustecentroids. In other
instances, the measurifgitive et ea stelrtoniprigeg iede bt néarestsi¢ghbors distance
between the distinct cli&tare™ririfae oFdrsretated “mHE HRRaniy e distadtestep comprises
measut ing a Euclidear thet&ite e asnre BeRBer the istintr EEs s "1 &8me instances, the
measuring the distahce &tapHeEStHG 8 RaHRAtAR" §f’éﬁ‘ é‘""?ﬁﬁ‘é@ﬂ‘f’é%’éﬂﬁéﬁﬁ the distinct cluster.
25INCORPORATION BY'EERERENEE TOUS6 T M PubRCSEHE 2Ad pAtsft S<’;1ppllcat|ons mentioned in
this specification are hefgiﬁJ‘fﬁd‘f&mmméfédlm’é/zﬂdc’fié fehce 1o fgﬂ%‘ﬁﬁ\éz axtent 439 ach individual
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publication or patent appiicafion was Speciically Shc “lqn(fM Aty ik ﬁ“ié:”wto be incorporated by
xéymgt ¢ siafistical
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reference. BRIEF DESI L=Ad[o) N mﬂgggggawﬁg syslﬂ

eatyr fa¢ of the invention are
oant pt:aks 341 1(: au at 1% um:tmﬂ in sorne mstanccs the ar

set forth with partlcularltg( '{Lt W@QQMQY & m.: qg;pa ;peQSt erun pegr usm n mf:’fhe features and
advantages of the inve QELQPHXVIIM%QW ained by,re %ggg@lgql ;gmgggpfgjL%wlp&rlggtalIed description that sets
forth illustrative cmhotinhents,inwhich many principles of the invention are utilized, and the
accompanying drawinggeaf Which.MNOML Eig., Lilllstraiesa.generaliapreseptation of the Mahalanobis
distance method an}d th@ﬂpn‘ses: oblzining longitudinal subject data cotresponding to st least one biomarker in a sct of

biomarkers for a clinically relevant condition to abtain a trend of the suhject dota, wherein the

subject data ia obtaines] 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 somc instances,

the therapy is a periodic dosing regimen. In some instances, the response to the therapy is

35 characterized by a time-dependent bebavior of peak leveds of the trend, B some inslances, the time-



35representative ellipses. The figure also includes the blahalanohis distance mathematical equation.
(0029) Fig. 2 illustrates an example of the results of a dust in analysis of a clinical outcome. [0030] Fig.
3 is a flow chart illustrating an exemplary method of assessing a clinical outcome of a subject and
assigning probabilities thereto. 100331 Fig. 4 illustrates an example probability space geometrical
representation. 5[0032] Fig. 5 illustrates a trajectory of data of a subject in a probability space. 100331
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 demonstrates a method of establishing rules for a probability space of clinical
outcomes. 10100351 Fig. 8 illustrates a graphical presentation of rules for a probability space. [00361
Fig. 9 is a flow chart illustrating an exemplary method of implementing a mathematical model to
assess a clinical outcome. 10037] Fig. 10 is a flow chart illustrating an exemplary system comprising a
server for communicating and processing medical data. 15[00381 Fig. 11 illustrates an exemplary
embodiment of a system of the invention with real-time acquisition of subject data and the transmittal
of the information in reé"f‘?ﬁﬁé"%‘“&‘ §é?f)@f‘“&‘f"%ﬂ%’fe‘ﬁ?”ﬂﬁ5‘?”%‘“‘8&%36%"" b V‘?ﬁﬁg the information or
data to a physiological R TERVST Coh TS rEt 3G Eit g v taeehf‘ﬁ%’r’f trastess” ﬁ"ﬁ‘?(émplary system of the
invention, wherein a hea ee@t g:uar;’e:ﬁ;g:fé“’d RS ”Z:elé’:d’ﬁﬁhﬂz"jéeégt e:fm ’iﬁi’rj}q&fé’jﬁ’é‘tu?e models and
algorithms, and softwaref E f ‘?5 béﬂjﬁ Eig 0. 12 dpégmonstgcatgg an ¢ exemplary database

a sct o w:mu s m at amype as surrogale mar

comprising an ontologxo gsr‘l]gla[hc(seegs b ;?r‘?ml&@%g &%@&;& %CQIQS(%U %I conditions. [00411 Fig.

14 ! IIUStrateS th €an exﬁe lﬁ%cmled lqll:)(r':ng 1&5@@1&%@“@99{% QQ%E%I:LQP&X%JH&L Hl.le inve nth n Whe reln th €
central operating syste[p, as,AGSARS.IR. ARk ANfrasiusiE. Ang maniieing.dgyices for obtaining
subject data. 25[0042] Lig. dademansiiates.an.exemalan.sysiem of.theinvantion wherein an analysis
database can receiye infomyption.fromisdaiaRase sentaning datadem:afeadas or cartridge
database, historical datahasges..anatien; datahasadbabheanaoniain data.ablared by a patient, and a
customer database. 10043&ikigsby Mustialnsaxanmplasnsdiajestoriesofbae.subjects in a probability
space representing prosiaie.cancemdiseie{echinioalkeuieone s:301H0444:dig. 17 illustrates exemplary
trajectories of two subjesisin asprobability-spaserepresentingelnicaieuicomes of a subject
developing sepsis. 300481 theigfs:® iHerstrates‘exermnplaripstrase ttanesiofitwoseidjetts in a probability
space representing thetwedicakconditionof-digbbtié Semrpertusingirrinsuimisensitizer.

ranging triaf. In other instances, the chnical trial is a part of an adaptive clinicai trial, The adeptive

clinical triaf can be designed to characlerize an optimal dosing regimen or can be designed to

characterize an oplithal responder population. In some instances, the measuring the distance step

20 comprises measuring the Mahalsnobis distence between the distinct ciuster centreids. In other

instances, the measuring the distance step comprises measuring the nearest-neighbors distance

between the distinet clusters. I yet other instances, the measurisg the distance step comprises

measuring & Fuclidean distance measure between the distinet clusiers. Tu some instances, the

measuring the distance step measuring o Manhattan distance raeasure between the distinet cluster,

5 INCORPORATION BY REFERENCE
{00261 Ali publications and patent applications mentioned in this specification are herein
incorporated by reference to the same cxtent as if cach individual publication or patent application

was specifically and individuaily indicated to be incorporated by referenco.

BRIEF BESCRIPTION OF THE DRAWINGS
30 [0027] Many features of the invention are set forth wilh particulasity in the appended claims. A
better understanding of the features and advaniages of the invention will be obtained by reference to
the following detailed description that sets forth illustrative embediments, in which many principles
of the invention are utilized, and the accompanying drawings of which:
[0028] Fig. | illustrates a genersl representation of the Mahalanobis distance method aad the

35 representative cllipses. The figure also includes the Mahalanobis distance mathernatical equation.



190461 Fig. 19 illustrates a method of gi apl &ally representing a trajectory of subject data in a
35probability space in two dimensions. [00471 Fig. 20 illustrates a method of graphically representing
a trajectory o ()subject data in a probability space in two dimensions and the position of the data for
defining discrete clinical outcomes. [0048) Fig. 21 demonstrates a dynamic subpopulation
emergence based on cluster analysis of a 5Monte Carlo simulation of a two-cohort clinical design.
100491 Fig. 22 demonstrates plots of the cluster calling statistics versus he hypothetical number of
clusters. [0050] Fig. 23 illustrates markers of clinical effect with the segregation of the intakes space as
a function of dose at the end point of a clinical study. 10[00511 Fig. 24 demonstrates patient data
showing the seasonality of two type | biomarkers over time. [0052) Fig. 25 demonstrates a time series
of a Intimater value versus the time of chemotherapy delivery.  10053] Fig. 26 demonstrates the
relationship between panuneters computed from circulating 15pyrogcn levels measured over time
and/or and the time-to-spike. 100541 Fig. 27 is the IL | beta concentration versus time point number.
[0055] Fig. 28 is the saffi ier‘f’ozglgi’ﬁ‘ﬁ%%’l‘ R AHGETYF T8 '“”“°l“"°“‘t‘"ftr°1°e“'ep0|nt number. [0056] Fig.
29 is the 113-6 concenﬁ” 'Ho*r‘?v@r‘éh%‘*fffﬁ%‘“’b%"ﬁf'“ c’mr“r"ijﬁré““ﬂh RS EAGEHY ' Batime septic. [00571 Fig.
30 is the sample-to- sam Lé‘“’r“oi‘d ‘fﬁ'h%‘”“babﬁf““ 1“"8 versus time point number, wherein 20patient 4

4 Ilu teat bilil eomeiri ]w spresentation.
became septic. [0058] ?g Is | r::s ait\rEF:él 1?::”ﬁlzﬂgcirna}‘tlpgwgrsqg, time point number. 100591 Fig.
32 IS the Sample -to- Sa B? :5'.1 ()W( tjlustm:!ing anl cx, nplaryme hcsty?altcrme 9 Espcy;mpmaf 100601 Flg 33

S
illustrates the residual plot for Rafient 5 who has a fever spike and no decreasing markers. 25[006]]

oInc ol 8 sul

Fig. 34 demonstrates Ralipn{,4 dalanaints, shewing.desreasing.fiph-C.mith.dncreasing IL 6 just prior to
fever spike. /00621 Fig,25.iS a schematic of the TM-to-112 switch and the cytoldnes representing
each phenotype. [0Q63},fi0 r36: anchEiG-atdemansiiale hatdhesysiem uses an equation that is
asiticipative of 30sepsisdging iheSouairaMakelanabis.distanga.eauatiaa-ard |3ayesian Probability.
[0064] Fig. 38 illustrates.a:graph.intimea-ai.a plurality of marker proteins for a patient in a sepsis trial.
10037} Fig. 10 is a fiow chat illustrating an exemplary system comsprising a server for
commmuicating and processing medical data.
15 [003B] Fig. 11 iliustrates an exemplary cmbodiment of a system of the invention with reab-time
acquisition of subject date and the tmnsmitlal of the information in real-time to a server or system
that is capable of converting the information or data to a phiysiologically relevant context.
j003%] Fig. 12 demonsirates an exemplary systemn of the invention, whersin a health care operating
system comprises dafa infrastruciure, models and algorithims, snd software applications.
20 [0040] Fig. 13 demonstiates an exemplary database comprising an ontology ol biomarkers thal are
retated some types of medical conditions,
19041} Fig. 14 iilostrates the an exemplary hierarcliy of a healtheare operating systeis of the
invention wherein the contral operating systern has access to a data infrastructure and monitoring
devices for obtaining subjrect data.
25 0842} Fig. 15 demonstrates an exernplary system of the invention whercks: an analysis database can
receive information from a database containing data from & reader or cartridge database, historical
databases, o patient database that can contain data entered by a patient, and a customer datubuse,
1043} Fig. 16 illustrates exemplary trajeciories of two subjects in a probability space representing
prostate caneer diserete clinieal owcomes.
30 j0044] Fig. 17 itlustrates exemplary trajectories of two subjects in a probability space representing
clinical owtcomes of a subject developing sepsis.
[0045} Fig. 18 illustrates exerplary trajectories of two subyjects in a probabilily space representing
(he meddical condition of dinbetic subject using sn inswlin sensitizer,
[6046] Fig. 19 illusirates a method of graphicaliy representing a trajectory of subject data ina

35  probability space in two dimensions.



[0065] Fig. 39 illustrates a bivariate time course of two particular nne-kers (protein C and C-reactive
protein) in the same patient. DETAILED DESCRIPTION OF THE INVENTION 100661 In one
embodiment, a method is provided herein 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 nun ker; and
(c) calculating the position of said subject data in said probability space, thereby characterizing the
probability of the clinical outcome of said subject. 100671 In practicing the methods herein, one
generally utilizes a set of biological markets (also referred to herein as biomarkers) relevant to a given
clinical outcome. In order to improve the 10reliability and accuracy of a mathematical calculation,
biomarkers are selected based upon multivariate statistics from data pertaining to a clinical outcome,
whether it being, for example, a disease or a medical procedure. In souse embodiments, discriminant

analysis is performed t@“@éﬁ@%ﬁ‘fiﬂ%“fﬁﬁ’?ﬁ‘&gfﬁ?‘j}‘é‘%ﬁ%Kéztnif;ﬁtkﬁéfgz é’igﬁﬁfﬁ%ﬁﬁﬁ a particular medical
clinical outcome. 100681 TH S A adpEN S IMetlSeFE Brovided Rerein of prwiicting the occurrence of a
medic.al 15condition g [Euires medical niervention. e, meshind.comprising: () measuring

. . j0048 \
concentrations of a fII’Sl[. sejt Ol blomes Kers I’l?%.egaugigg subject and measuring one or more

Monte Carjo simuiglion of & iwo-cohort clin

physiclogical i”dicafbr%ﬁ)ﬁé@l%ﬂé@%&h% 2 given freguency. wherein e firstaelof biornarkers are
suspected to be predictjye o the medical condition; (b) based on the concentrations measure in (a),

generating from the fasfset:a suhsehof Rifomarkars.thatals.mere cusiative with the occurrence of
the medical '20 conditiQp 2R QL. a hew.fiequanscy.efy;measurement of the biomarkers; and (e)
measuring concentratiqrs;of the.skbset afLohand/ardalioning.thenewdaguency of measurement of
one or more biomarkerg,dhereby predietilig the occurrence of the medical comfit ion. 10069] Pluralities
of discrete clinical outc@iag s S matimes iefered io.asmedicaboutcemesyfera specific medical
condition arc plotted itssa-ggometrical manner. A set of values of the biomarkers are 25chosen that are
the most representativaseteach clinicaloutcomer idsirgthetmathematicamethods described herein,
probabilities of class assiganeentie-eaehigisereteddiintestetcome can be assigned to any set of
values of observed bioratkees:’ Aipiobabiityspaceredin-trarrizécconstructed by plotting the probability
of any set of values of ¢8%eFeet biologieat ik rewiftiihl tie Gesiftit $Pdce defused by the plurality
of discrete clinical outc##i@<7:30 oot Wbt *rO0 T T Sbmie i HS TR E8E, mathematical
modeling describes thel¥§h&init skttt uraystatiw ednie TS taReaEHte Wigdels use a system of
equations representingriftéorgpatameters, Mount and thog concentrations and the like over time.
Such equations might HEEiipi BTG SEE T SE LT 1881 Vielding an algorithmic formula.
However, in seine insta't”l“(??—;‘s‘fE’rﬁ%)ﬁ‘@Té“‘ﬂ’l'“'l’ﬁ]'f?ﬁ%{ﬁf‘@ézﬁ‘ﬁf\?\’iFé'é“l%h&‘ff’%‘sef”f‘f) SeM Hiples to permit a simple
closed form solution. In" S8t & eSRNSh 8" deecribed Rarain can be projecting numerical
solutions forward inzgimgm‘éﬁ%o known as termed predictive biosimulat

[0d61] Fiy. 34 demnonstrates Patient 4 data' points snowing decreasmg mtcmlg rv}'i{il prreasing 1L~
6 just prior to fever spike.
10062} Fig. 35 is 2 schematic of the Thi-te-Th2 switch and the cylokines representing each
phenotype.
[0063] Fig 36 and Fig. 37 demonstrate that the system uses au equation that is anticipative of

36 sepsis using the Squared Maholanobis distance equation and Bayesian Probability.
[0064] Fig. 38 illustrates a graph in time of & plurality of macker proteivs for a paticnt ina sepsis
triaf.
[0B65} Fig. 39 illusiraies a bivariate titme course of two particular markers {protein € and C-

reaclive protein} in the same patient,



[00721 The objective of cluster 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
5algorithm may be used to define the discrete set of clinical outcomes based upon the recognized
biomarkers. Besides the Discriminant Function Analysis, there are many such algorithms, such as
"Single Linkage," "Complete linkage," "K means," "Ward's Method," or the "CaMuhl Method."
Additionally, one can identify clusters using "Decision Trees". These algorithms are well-known to
anyone familiar with the art, and are available in standard statistical packages such as SAS and
10SPSS. 'Dm clustering algorithms group like objects together, and keep unlike objects in separate
groups. 0073) Multivariate statistics to identify classes of similar subjects in a sample population can
also be applied for building an appropriate model. The techniques currently employed include, but are
not limited to, Discriminant Function Analysis (DFA), Hierarchical Clustering Analysis, Factor
15Analysis (in which an underlying model or relationship is assumed), Self-Organizing Maps (SOMs),
Support Vector Machines (SVMs), didAEUFEFRIETE CESERTS A BAHEn recognition technology using
multivariate descriptor W@&6T§‘°Wﬁ?t‘fﬁe‘§ﬂﬁfé&“{§ PR IS8 SRS tE G rE et pf’etely manage an
adaptive clinical trial. 16‘5“?4’)“&’3%(5? BN GUES S8 “m y(o SHeh m““”d“[}ﬁ gt’nﬂw”terP Space include several

{ digerete cli Uil uq T {att
conventional 20 methocf &g "élﬁm 'f“ﬁm“m ical 1 eac% gra |ent §5§é | nonlinear optnnization
131[’1111 Su Jiedbe coTY

(Mendes and Kell, 1098, bgnag ) i‘iﬁ%ﬁlg spically apalied 0 fhose, problems that can he

they require human '”t%},’v‘?'?ﬂ!‘%nu% @@&ﬁﬂ%@m ﬂ%ﬂ«ﬁﬁiﬂ@ﬁl&@%‘%%ﬂ&ﬂ'lﬁ@@! Aptimization method does
not have such a restrk{ign, AQWeVer A8 siIeAWrg.Biprmation.ahnuthg.&rter function with respect to
the 25parameter eslimatgs: As such it sllen.conveigesis.lacalminioa..Eyvalutionary algorithms
including genetic algorithms«exalkiiepaty piagiamnming genetia.pmgratosung, and their variants (Back
et al., 1997; McKay et abesd Q9 dukthvaigs ebad »ki08) kaveibe enyappliedtoovercome these
limitations. [0075) In samaiilkstangestoikest-aecaunt pnther dyramics efadiological system, the
equation systems discuyssgohabovwe Canbe-compeoseteiordinarydiferential equations which calculate
the rate 30 of change charbialogicat entiyeoveraddixet-timesegment:ilhatgquantification is a lima ion
of the state oldie systemsattheinstant pf-analysis; alehnclrdestermsdaeraitiotver entities in the
system that might affect @vattrate of-elienge, {06761 I madhy iristerrcegcad thescribed hereiss, biological
entities of intaest are fotsfighiriiowd-domprightrtiat ot ivmités treiretatirgpréteins. 1mm the
modeling space, the tirftefrate oferarygesof Soeaen oG Ea e mitris tanetthe derivative and is
quantified as the indtarftatteetiésiopdarthe Bistsgeal BAIRIE SHERATEBN curve in the time domain.
-10- loom The value of 4ifFEetetta e arGRe BiBIBYEH S Attty RO A SEBRIed §4mpling time point can
be calculated as well agﬁhlé"Téffésd‘feEHéiﬁ‘@”fﬂ‘F weeRy ety i e Sdmpling space. This can result in a
point estimate per bloldﬁ'lé’hr;érﬂﬂf" RSt R e I U TS Bt of”hmlted to a change in

ol 1c 1011arc plotted dna mmcmc,xlmmmcr !}Flcto vajues 0 tltmlbmm kers are
concentration per un|t time. Ib‘O“/@’l ome instan can utiliZé two point slopes along
with a K- pOIﬂ t mo de fi tf oscrl that arc the i O"si!cprcstmmtwc of each chmwl Outcomc Using the mathematical methods

dcsrghcd hetein, probabilities of cless assigiment to each discrete clinical outeore can be assigned
to iy sel of vahues of chserved biomarkers. A probability space can then be constructed by plotting
the probability of any set of values of observed biological markers within the geomettic space
defined by the plurality of discrete clinical outcomes.

30 079 Model building
[6071] In some instances, mathematient modeling describes the dynamic state of n systenmy. o some
instances, the maodels use a system of eguations representing outcome parameters, biomarker and
drug concentations and the tike over time, Such cquattons might be simple evovgh o solve io
closed form, yielding an algorithmic formula. However, in seine inglunues, models of human

35 disesse can be (oo complex (o permil a simple closed fann solution, In some instances, a sclution as



regression equations through the last K observations, to estimate the first, second, and higher order
derivatives, for example: OP(t)/dt AP(t), {other proteins, cells types, etc.), model parameters) where
Pffi is the concentration of a given protein as a function of time, And where f is function of 10P(t) and
entities affecting specific protein concentration curves, comprising second signals, cell numbers, and
the like. And where model parameters are coefficients in those equations that quantify those
relationships, for example comprising production rates and clearance rates. The system can be linear
or non-linear. [0079] An alternate embodiment of the mechanism is a system of entities where P(t) is a
protein 15vector Efit) (PI(t),Ytt(t)] where N is the number of proteins chosen to sample, and f(P, etc.)
becomes a matrix M(I1(t); pffi(t)). The system panuneters become a vector as (H(t)). 100801 For
example, clearance rates of each Pi(t) in the vector H(t) are captured in this vector form. Kum
characterizes the functional coefficients of the matrix M. The system is linear when p does not depend
on 11(t) or on time. ThE syst(lem. is Iibnear and pa‘rianpgjtnri%all ﬁ@ﬁ'ﬁﬁ%‘ﬁmﬁnﬁléﬁ’hen p 20depends one,
and varies linearly with ﬁfﬁb%imT P AnGther exampie, the system IS nonlinear when the clearance
rate changes with time*and can o] ?&} re , esent the up-requlation or downcregulation in time. The

0072]. The obj /5% 15 (o group obs Inlao chuster

system is represented put is not limited,

19 88 homogeieons a8 Poss ll:) ithr_cse;Je\c:lt%chtneOchggHg%g:Qagés%éggﬁslr!ﬂ:zgatm_l cMs@KQ ’[1(|1(0)* 100831 In
yet another examplg, the dynamic sialg.of Riplogical sysiems.hasalgvelafspecificity which is
captured in an exemplary hiosimutation. systemaEvense At 1n.ihe.sysiemswill fypically act on a small
subset of other entities. o EXAMRIG. RIQIRIR 2 mpdifies.thesale olpraduatioa.of protein | by binding to
a ccll surface receptor gianactivaied.effectoncetheconasntiation of Itratein 2 modifies the rate
of production of protein.k.\hen.athicdRreteinacts amibe.praduation.alprotein 2 the rate of
production of protein | dependssinditgaiiy.qnthe lewekeipraductiomnokproiem-2 [0084] The equations
that best represent the @leve example in this biosnnul anon tryst dP1/dt = 01.2 P2(t) dPildt -022P:dB
+13n P3(t) dPAIt - 0 [0085] Mithesesexemplary @gquations »iirestoneentration ef $#rotein 3 is constant

and, the rate of 10Protetmdlicprodidiomris-andneredsingriurctionofhthedrbfent 2:levels, factored by Pt,
>0. In addition’ not limited to, Discrinxnant Punction Analysis (DFA), Hierarchical Clustering Analysis, Factor

15 Aaalysis (in which an underlying model or relationship is assumied), Self-Organizing Maps (SOMs),
Support Vector Machines (SVMs), and Neural Nets. Pach is a pattern recognition technology using
nuliivariate descriptor vectors, which subjects are classmates, 10 more completely manage an
adaptive clinical trial.

16074] Other lechniques estimating the model parameter space include several conventional

20 methods, such as the grapbical method nnd gradient-based ponlinear optimization (Mendes and Kell,
1998). ‘The graphical method is typicatly applied 1o those problems that can be converted to finear
regression problems, and ae penerally not amenable to closed-loop leamning as they require human
intervention at ench step. The gradient-based nendinear optimization method does not have such a
restriction; however it dees requize information about the error funetion with respect to the

25 parmpeter estimates. As such it often converges to local minima. Evolutionwry algerithos including
genetic algorithms, evolutionary programuming, genetic programming, and their vaniants (Back et al,,
1997; McKay et al., 1997; Edwards et nl., 1998) have been applied 1o overcome these lisnitations.
{0075] In some instasces, to best acoount for the dynamnics of a biological system, the equation
systems discussed above can be coraposed of ordinary differential equations which caleulate the rate

30 of change of a biological entity over a fixed time segment. That quantification is & fimetion of the
state ol the system at 1he instant of analysia, and includes terms for ali other entities in the system
that migit affect that rate of change,

[0076] Inmany instances, as descrbed 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 enlily is celled the derivative and s quantified as the instantaneous slope of the

biological entity’s concentration curve in the time domain,

-1



the levels of Protein 2 am a function rate Protein 2 is cleared from the system, in this case,
proportionally by a factor P22>0, and the effects of P5(t) on its production, described by a factor 023
>0 and is parameterized by the vector Ow , P22, 023). Any triplet vector can be used in the general
case to generate any family of trajectories in time for Proteins | and 2. Protein 3 is non-varying in
15this model since its derivative remains zero. [0086] By amanitas Proteins 1 and 3 at each time point
in a monitoring period, values for P,(r), and P3(t), and estimates for rIP,Alt and riP3Alt are obtained.
P2(t) can then be solved and constrain the solution set to a parameter vector (p'.0.23), which is
defined by well defined algebraic equations. Estimates of both P2(5) and dP2/dt derive the state of the
constrained system based on 20point estimates as derived horn the samples This allows for projecting
forwent in time where a model trajectory will likely be at the next sample point, and re-adiosUncut of
the model parameters as necessary in a dynamic feedback self-coneeting system. 100871 The

self-correcting mechanism and feedback system can be |mpllelm§dnted in a periodically sampled
measurement space, afﬁ"a”tﬂ}i"t"f‘ﬁf)(fﬁlyFﬂ‘f‘iﬁ%’?ﬁ‘éﬂf“ﬁm N(: f)‘ﬁar?a‘ﬁ'ﬁetersf‘f’éf”é“""’ ﬁ""fake place at 25 each

o | h ch r tity i 11 T t
sample interval. After eagii"ApPHtaton 6f thig g e" Bt Ier“ﬁ’?é h‘%&a uio WA mé“sm ace of acceptable
ird estimale pe blolo sical entit forthc dcnvauvs i1 tmits o) l_'l_lSﬂl hutn :lir
parameter vectors shofitd Begii o converge'to a patient specp Gorthy pro;ects forwent in a

predicive trajectory, [OBFITAL SYSIEf it dx';gm',g%uyognﬁrw eyizg2 patienLsygopulations based on

@tam,es 4 1netho

the longitudinal samplmg{ ow ictive protejn profiles capmgégﬁgt inform mation.as a Type | bioniarker

23810 equahmss ilmu h gervalions, 10 esti SECONL

to verify to 30the reseajcher. sgientist that the compound is acting on the target as expected. the

mechanism of action for that comgyng?&qghgﬁgcge‘;@%@r&hqxq,dt%wjglg;her It is acting as expected.
Characterization of the dynamic.emergenss.of the.svbpopulations.dshasedpan their behaviors and
the protein profiles theygxhilit-1Q0831-45 AR x2mRAle, SNe, pepiiationstteaied with the test
compound while anothgk.is-am 35satteaisd:cantal.dk ihepralein profilesohihadigated population
behave in accordance with-thesunde g -hypaoihesiaasd penatns tasthe eempornd's mechanism of
action, the protein profiles «bLz2-iaill, as a conglomerate pattern, act as a Type 1 biomarker. If
individuals within that pepulstioa.shewcensideiableariancemiboth-the direetion and velocity of the
protein profile, adjustment shthedoses pbihe-siawenpepiltativnimembers oaffeccur and the trial
protocol can be changed-aceordnighn:3E00IB rimmariety: bf-statistiealfdhlyses are applicable for
building a probability spré¥e iorerreieliafig =tsiigstidtdsbarced@psiarycirdiacterization of similarity as
measured by the Mab&l&tdtiedistatrdedivd tfsiehrignstondt (Frrittikrarizteysphe. The outcome of a
diserimitumt function affafssis iy pitaity A VPARHArEBIS trerEde srerery$ibject in the analysis data
set. The methods of pelfStifHgthe aisentiti&rt analysis in this manner or similar manners are known
to those skilled in the a'l"["sfh PSRRI e au s HEHY TS IR pEHaErt Vitbles (for example,
blemarkers) are plotteozeégalnst each

G82] represent the ug-regulation or down-regulation in time. The system is represented but is not

Himited by the vector equation:

25 AL/ = ML, BORD)* T
{0083} In vet apother example, the dynaniic state of biological systems has a level of epecificity
which is captured in an exemplary biosimulation system. Every entity in the system will typically
act on a small subset of other entities, For example, protein 2 medifies the rate of production of
protein 1 by binding to a ccll surface receptor on an activated effector cell. The concentration of

30 protein 2 modifies the rate of production of protein 1, 'When a third protein acts on the production of
protein 2 the rate of production of protein 1 depends indirectly on the level of production of protein

2,



other. Each patient in the analysis set is represented by a single point ell 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 centroid can be
typically defined as the mean sector of all independent measures in the space of interest. The
15probability that any particular patient belongs to a cluster depicted herein is inversely proportional to
the distance from the centroid of the cluster. In this way the Malialanobis distance ellipse on the plot in
Fig. 1 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 probabilities of class
assignment for a particular patient based on the variance observed in the underlying clustered data.
20Thus this method can account for uncertainty in the probability space. 100911 In conventional
clustering, one typically works from a distance matrix, which lists the similarity of every object to be
clustered versus every other object. The process begins with the creation of the distance matrix as
known to one skilled intf{d &bt HEHGTEPHEH S SEEAneES Ariong &l Pairs of patients must be
computed. Each of the distances between subject data will be a 25 function of the measured
biomarkers. The function would take & fdthi'df a sum or weighted sum. The distances for a given
variable are, in turn, a sum of distancgg@ﬁ%vgg nJndividual observations for that variable. This sum
also may be weightéd. For example, each cluster of subjects potentially represents a discrete clinical
outcome. 100921 The distance matrixmetri¢ can include calculating a statistical difference, such as
dm 30Mahalanobis distance, Euclidean distance, and Manhattan distance. The matrix represents, in a
statistically rigorous waysste imilatity, of.hue mullivariate patterns.in.admultidimensional space. Based
on these distances, jndividuas:sie: grosRed degathendiaclusier.4e098 -Fige@idlustrates an
exemplary clustering methd.efaefining.the disecrate clinical.outepmmessinthis example, the anoid
tethod was used |.0 detepminesmuliiple.cemireids-eihiemaskendata-3Bpaiterns pcach centroid either
defines or belongs to a-diffespat.setobhdiserete.clinital outeames-basesupdnr-measured bionterker
information. In Fig. 2, examples-ahtheolassilication: of oictmarker »#8s 3 patterwisr of a medical condition
include a partial respondereiass ralnemnaresponder class, a complete responder class, and an adverse
drug reaction class. Eveérfideta-poimPigerelatethtocdieer it bitrofieths eiassicf&isWithin. The commid can
be set to be die point nestPeptesergtivedrtietinssodoaniter medistaied Hatrix has been
constructed and discretééiviicat ButeEEs favk: fee istefiistt by L <et 8rbismarkeis, a probability
space can be constntetedfof i thratiate disi oS Trof BXAM T “EIErS) by applying a metric
that accounts for th& vaidfttecotdriahts StttirB o et B EE8Y LFSH tié measured distance, a
probability for class assTyRFBHSH 8 ‘6 BEErEErBrenitaikeEr Pattatt 1§ WACHAREd. The calculated
probability for any obtaM&EBoiTARE) Satte defne e probability space. 10[00951 Where desired,
a probability measurem&ht i e S HEE BETBY Wiy Of & 135yesian Calculstion “Bther methods of

. . sampied measurement space, sivd that mode] refinement god re-paramietesjzation.can take place at . .
calculating the probabiliy Foraiang assignment include, but dre notT m&?@kgé,ol\lelson-Afton estimation,

edtch sample interyal, Afteh,a(:w§tic 1i0n O 'E{ris self-correcting metkodoiogy, the sp
& h

the ordinary least squaics EximMation. s east SAarss colibalign,and the maximum

likelihood estimation. Ap(b)qfder method Is to use a decision tree analysis and from the measure
orwand L a pr ety

ictive Tra; .
determine the ultimate W]S IJU s\{/lstgn%qy%ﬁgﬁ mtgtetlgﬁeq gﬁl%%ﬁlﬂ{;ul%med o the longitudinal
sampling of predictive protein profiles can use that information es a Type 1 biomarker to verify to
3 theresearcher scientist thet the compound s acting on the target as expected. 'The mechanism of
action for that compound can also be researched for whethier it is acting as expected.
Characterization of the dynamic emergence of $lie subpopulations is based upon their behaviors and
the protein profiles they exhibit.
|6089] It an cxample, one population is treated with the test compound while pnother is an
35 unlreated control. If the protein profiles of the treaied population behave in accordance with the

underiying hypothesis as it pertains to the compound’s rmechanism of action, the protein profiles



15 10096j Fig. 3 illustrates an exemplary method of dm invention of building a anithenmtical model for
assessing a medical condition. Based upon prior history of a medical condition, a user (for example, a
physician) identifies the relevant clinical outcomes or outcomes. The physiology, a compound or drug's
method of action, and/or off target treatment effects are then utilized to help define the borders of a
probability space. 20[0097, A graphical example of the probability space and the discrete clinical
outcomes that define the borders of the probability space are illustrated in Fig. 4. Each number
represents a different clinical outcome. [0098] Biomarkers that are most relevant to thc clinical
outcomes of a given medical condition are identified using multivariate discriminant analysis. Data
from the set of biomarkers are classified 25 according to the discrete clinical outcome to which the
independent data is most closely correlated. 100991 After the data sets are classified by cluster
analysis and/or discriminant tlinction analysis and identified as clinical outcomes, tile clitoral location of
a clinical outcome is determined. For cads reference point or |salepende5|t biomarker data point, a
probability of classificaffr it EaE HrBySHEE i REPETESHE T Ho8ded®d™3b1001001 When data
from an individual subjé’ﬁ’f’ fé“%dﬁ’fgﬁ*ﬁa“éé‘ri‘é‘é‘bélﬁﬁiﬂ‘g‘f vel“ttfe“é*%'f"m"”ﬁ“ﬁ Téﬁl"j%m *the data is input into
the mathematical modéi*aid "lt{§°§°ewc§‘rf1S‘fr”ff:"’élmbmoestft‘iaé'n Wﬁ'ﬁl ‘theprobability Space is determined. A
distance meti ie is then ﬂld%?q to defermine the position of the subject data with, releseasce to each

v:mcty o St‘lllstl re a; :cable ing a p tty SPACE OF I}

clinical outcome. In a p[q erred emodime im hedisia QQ%&Q@E'&&%M@!'&?@E& is distance. For the
subject data, the mode| Qbians, & disiangs Methc.olrssnending i9.358a80:dissrgte clinical outcome.
1001011A statistical esfimation methed.is, used:ie.conveart henpluality: pfdistance metrics into a
plurality of probabilitiesfor.the suhiectata. Fash-Riehahility.of the plusality Lfakebabilities
corresponds to a digcrete.ghinicah Ricome.lR-an:em bodinentthe-staljsiicalestimation is a Bayesian
estimation. The plurality.ef paghabilitiesdsused.astheconfdinates.ofthasubject data in the
5geometric probability spacassHehasihe-gnallusitatedindbige: 4ud ha:positienaf the subject data
within the probability spacanis.an assessmentoetihamedicahoanditienok the-subject. 1001021 Rules
can be assigned by thesisey €fux examplerunediocabpessenmel) te @ peiat mcthe probability space.
The rules may guide the-usey i undersiandirgdirecstbjedttselirentmediealceordition and guide the
user in selecting a coursetgfaétiotr $9{001 031 The'metsds destribewHisretnteart be perforated at any
point in time during obseFedttorsf thesstbjedr Subfedt et carBeebaied S various time points.
The position of the subjeétihtaiitHe probapmyrEFdtetan e eatetidedt8ing the mathematical
methods described her&ii*Fhe stfseierisptaming ety e e Sten 8Fsubject data in a
probability space CAll b%‘“fé‘ﬁ@ﬁ‘t?é‘d“‘fd“?i@‘l&‘&“T‘Fﬁ]@’b‘PdW“\i\"ﬁ?ﬂ‘fﬁsﬁ‘“ﬁ)robablllty space, wherein said
trajectory is indicative df*3 tifHE S8BT EF e 5L EE (U MIRATStitEonie llmjf?301041 Trajectory
1001051 As a medical Eaﬁﬂft‘i’é‘i’f’ﬁF’Hfﬁté’é"écé“smﬁl StiBj °V°'¥°”mi g‘m s X"mm bsf%)"‘i Wdt 'b ' medical personnel.

crention gf fhe dl?lame maii:x as knowa o oo sE m i tu ular mmn
Monitoring can be preform running a series of %tﬁs As te hoc s |d devices, shob as
t-of-care mlcroflwdlc d"eﬂvﬁfes? f%“ém n%btécnm?m m e ccscc“é Md B rom the patient can
p0|n function o themeasure 9 9])6 lmt.um} woud (mna naum nr el 1 p
20be acquired and proﬂqsase at multiple ime points. The se quential strycture .o of obtained data is often
ora v 1vanmear : Lum asumo (histances between axdivi servatio

a tlme series or a seto hgt Iatrslﬁlb rl‘?iq SIMTL a??) may )c wc (s(r)egrenpgaet&cl QQ}I g%wm ophalpges that occur
sequentially with no specmc reLf,lm Ice 1o 1Mre. 'IL e ‘system does not requwe that the time or

Teprcaents a
[3092] The distance matrix mettic can include caleulating & statistical difference, such as the

36 Mahalanobis distance, Puctidesn distance, and Manhattan distance, The matrix represents, in a
statistically ngorous way, the simnilarity of two multivariale patlerns in a nndiidimensional space.
Based vn these distances, individuals are grouped together in s cluster.
16093) Fig. 2 illustrates an exemplary clustering method of defining the diserete clinical outcomes,
In this example, the cenfroid wethod was used o determine nultiple centroids of biomarker data

35 pattems. Each cenlroid eiller defines or belongs to a diflerent set of discrete clinical outcomes based

upon measured biomsrker information. kn Fig. 2, examples of the classification of biomarker
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sequence values are equally spaced. In fact, the time parameter can be a random variable itself.
10010611n some embodiments, the time series of obtaining subject data is at least 6, 24, 48, 72, or 96
25hours. In other embodiments, the time series can be at least 7, 30, 60, 90, 180, or more days. The
time series can also be over a sales of years. 1001071111e longitudinal data provides valuable insight
into the progression of a medical condition or treatment. However, as the number of tested items
increases, the complexity of analyzing the longitudinal data iI3GreaSCS. It can become very difficult to
understand or determine relevant data 30about a medical condition or treatment. 1001081111e
longitudinal data acquired from a subject can be grouped into a vector or a trajectory to assess a
medical condition. A vector is defined geometrically as an arrow where the tail is the initial point and
the head is the terminal point. A vector's components can relate to a geographical coordinate system,
such as longitude and latitude. Navigation, by way of sin:title example, uses 35vectors extensively to
locate objects and to determine the direction of movement of aircraft and watercraft. [00109] Physics
mid engineering fields st proratiy thisertssicomhsrrisers b‘f"ﬁ)’éi?fﬁi“aﬁ*aﬁfﬁig’lﬁhd have stimulated
much of the mathematicabresearst i feittorhechatife s veckst anstyais'Shjects include
equations of motion incitrerig oEatibrie Ity Chra CasH, A tersesaieatisi®center of gravity; moments
of inertia; forces such a&Hictii dfprasa=gHer &am-arst ‘r“é?ﬁ“é"ter‘ih" il s B Eretational fields, 1001101
Velocity, the time rafe c?f%?‘i’éﬁd%"fﬁ“’”m“’tﬁ ”ﬁ‘“lab‘fﬁé’p zgf)cr?l"b?ﬁoé’f%ﬁo mm“ “ Z?]ector length) and bearing

istrib tmns (far cx: cluslcrq by a ing a metric that accounts 0:1 evana

(vector direction). Accefération is an rpﬁ&q i ector )g’ygntl}gms assjgmmtpe time rate of change of

the daia, medt 0 ihe mcasu fance, # of By

the velocity. Both veIom& acgd accePeratlon are (Pl ained mlr(glrutghm)%‘t)%cgg alysis, which is the

iomarker pattt:m i3 calc

mathematical determlnatlon an: a,ved! (355 sE)ropertles ‘and/or behaviors, 10[00111] Vector analysis of

longitudinal subject datgaerfaining. {0 2 medisal.condition.can,he Usedde.undgrstand the medical
condition and Stat'St'Ca®9§ &?&QE&%&M%@B@E& Sinical Quicome.l00L12l karexample, the normal
condition for the individyal,can.ka.ehsenndByRlQiinghiamakerdaiadarile individual. The stable,
normal condition will be,a.Jasaiad.dn.008 partienef.the giaph{QQll3lklmminrdividual's normal condition
may be disturbed by the,adninistatieneha-ibpharmacatioaonachangsdnmedical condition. Under
the effect of the adminigigeete 3 inuumesthanpEnalconditieniwill becemendnstablesand move from its
original position in the gsaph:i@-adenpositbndrdne-giaph: Whendthei@adnsnistration of a
pharmaceutical is stoppedsof the:ieffesitefithe-pharmaceuttcabends, 'thesrrividual's normal condition
may be disturbed agaireewivclie wesdidatitorartthBreroveef e robmalicdntition in the graph. When
the 20administration of &'plfarmacdetiedllis stopped, or the effect of the pharmaceutical ends, the
individual's normal éondittdn‘mval-retairi-to s originai-pusiivrein thébpapitBensie the phannaccutical
was administered or to et eftheertiaiyr persitiotiat S e ifferent o rTttRCtfE brimary
pre-pharmaceutical positféti ®dfitithe secondary pharmaceutical-resultant position. [0011411n some
instances, biomarker vaftf@s™¢ar ehEhte VER PASIBN” SUGS that r§1%ﬁﬁ'§?8“’§&ﬁ’fi§1‘|ﬁg 25(for example,
slab lest) may miss Iard% “(‘fhé\?i’q%‘é“ R RV L TR f“"'r’?ff) 18" SEPEEREH G r very

According to the discrete clinical cutcorne to which the independent ‘datais most closely correlated.

[099) Afier the data sets are classified by cluster analysis and/or discriminant functiou analysis

and idemified as clinical owcomes, the centroid location of a clinical culcome iy determined. For
each reference poin( or independent biomarker data point, a probebility of classification into each
reference clinical outcome s assessed.

30 [08160f When data from an individual subject is obtnined comesponding to at least one biomarker,
the data is input into the matheritical model and ils geometrical position wilkin the probability
space is defermined. A distance meltic is then vsed (o delermiine the position of the subject data with
reforence to cach clinical outcome. In a preferred embodiment, the distance metric is the
Mahalanobis distance. For the subject datn, the model obtains 2 distance melsic coresponding 1o

35 cach discrete clinical ontcome.



quickly when a patient is using a pharmaceutical or is a month, of a pharmaceutical clinical trial. Many
times, early clues as to the medical condition of the patient are not seen because current testing
procedures do not occur rapidly enough. Also corm rt testing procedures are inflexible within a short
period of time, so if a patient needs to be tested for a different biomarker value or 30physiological
parameter within a short period of times (for example, 4 hours), it is often not possible to receive test
results. [001151Large changes in biomarker values can occur such that COI1Velli lona | lab tnetirmls
which use only one sample dilution level cannot measure dm analyte due to the range of the device.
Often, more sophisticated lab methods that use multiple dilution ranges that extend a range can also
be 350venvhelinal by a massive change (for example, greater than 1.000-fold) in a biornarker value. If
a dilution is repeated to obtain the proper range, in many instances 24 hours may have elapsed before
-16- the results of the assays are obtained. As described, a system or method herein am report
results in near real-time fashlon therefore medical personnel has the abilit y to change the course of
medlcal aCtlon as necegs ftatlshca.&ﬁtimbmnmethoﬂls uscdt convett e um:t f L'mcc mein e When an Increase Of
an analyte between as§amm)°{ Ie“l?;lﬁbﬁe“g; by 1 ﬁ}@tmrﬂlﬁ ?:6;6{?9“1%{,1 cml;:z ({y ‘f&fggb:f 1, 10 000-fOlcl, or even
5more, it C-19/1 mcreaseci lé pr filltscr pmbqg.cs Mso the nex :}atgaompg Q rexgmpe 100, 200, 500,
1000, 10,000-fold or,higher).in addition o, chanaing.ihs frepuency.e) measiiement of the analyte.
[00116] In an aspect hergin, 4MeiHad.of Neling.Ma.seRsis.develoRment of a subject comprises:
measuring at least two pasareters. selested.from.the.aroup.efL.).Hedy, lempgrature of said subject, (2)
protein C concentration,gf,sajd.sLigat (Iintedaukins-dlagheancentationaf said subject, 10
multiple times to yield adgad.efiemperatdanprotainmtutiend, and/or IL4; and wherein an increase
beyond normal body temperatute,udesmasednpkatain L.opncrnikatiop.andiar.an increase in IL-6
concentration is indicative.gkthe;developmentef sepsis ihsait sudjech Avdectease in protein C
followed by an increasasefdkrifcan betindicative ebtherdevelopmentiofsepsis. imesaid subject. A
decrease in protein C f@&iowed:pydaninordase of dsdiarddaan inchéase-beyondrormal body
15temperature can be indigativeof-the gevreloprrentohsepisisun isaddsuiifaet stiessome instances, an at
least about 10-fold, '1 0G4 ftsiei2Q0sfestdvB6®-fold, 1000-fold, 10,000-fold, 500,000-fold or more increase
in IL-6 concentration in &A¢ Setsjett is indicative of the development of sepsis in said subject. In a
further instance, an at |84t A136¢ia cfbitt POTstol e ZO0RS Y, SOOI 4¢B0061d, or more decrease in
protein C concentratlon“ﬁ?‘l“‘g‘ét?d"éi’ﬁﬁﬁW’Eei’é”iHdi‘éﬁti‘ff@"6?‘11‘?6”‘%!‘8{7‘@‘8&%%‘1’1&“8’1“@6&i‘§ 20in said subject.
[00117] In an example W@ﬁ“’ﬁﬂ“éﬁ@?ﬁ‘ﬁ%ﬁﬁ% R 68?:‘&?‘?‘?@"1?’1"1&‘bé’i“’éﬁ?”f’d‘!‘fﬁ\ﬂﬁhg chemotherapy at
home, the measuremer%f Tr‘*gﬁd BB A ARS é’ftc” ' bé S Fetuces TR St Thstdiites, the system can
prompt appmpriate actlon “ifc"c‘éoﬁ‘?étro RSSO | ?Tb“rm SEURE %Ti‘“é"‘lciaﬁg?(‘)hr@ﬁoé“fﬁstances the methods

D0 ific felencet The syste ( s not require that the time or
and systems described Rerein alo W Tor nitonn ?“

seqiece valuas are equally spnwdr[l] au the ung;mramelcr cunt be a random variable itself,
[00166] In some embodiments, the time series of obtaining subsect data is at least 6, 24, 48, 72, or 36

25  hows. In other embodiments, the time series can be at least 7, 30, 60, 90, 1890, or mere days. The
time series can also be ovet a series of years.
100107} The longitudinal data provides valuable insight into the progression of a medical condition
or treatment. However, as the number of tested items increases, the eomplexity of analyzing the
longitudinal data increases. It can become very difficult to vnderstand or detopnuine relevaot data

30 about amedical condition or treatment.
[HI08] The lopgiludinal date acqguired from a subject can be grouped info g vector or a trajectory to
assess & medical condition. A vector is defined geometrically as an arrow where the tail is the iniliad
point and the head is the terminal point. A veclor's compopenits can refate fo a geographical
coprdinate systen, such ag longitude aud latitude, Navigation, by way of specific example, uses

35  veclors exiensively o locate objects and to determine the divection of inovement of airerafl and

watercraft,
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25health status or medical condition of a subject throughout a time frame as small as a few days. For
example, the evolution and pathophysiology of the disease process, the response to therapy, and the
possible onset of untoward side effects upon exposure to a drug can be monitored by longitudinally
sampling blood. From these samples a profile of key circulating biomarkers can be established.
Specific biornarkers can be selected based on, for example without limitation: knowledge of the
30disease process and its molecular pathophysiology, the mechanism of action of a given compound,
and its observed effects profiles. j00119] Representation of a similar movement of longitudinal data to
that previously described is illustrated in Fig. 5. At each time point (f 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[001211 Diagnosis of
the individual 'nay be aided by studying sevet al aspects of the movement of the individual's medical
condition in a probability space. 'use direction (for example, the angle -17- and/or orientation) of the
path followed by the mtxlical condition as it moves |n the graph can aid in the diagnosis, prognosis and
treatment decision- mallln lfljhfsw”ndm%”e"'fi’ﬁf“cch GUTCOme: lIffé‘"émmé'-f(‘és Sh “’aré‘g::gfg?'e'ﬁlon of the movement
of the medical condltlonbjn Hhe'6 rnéfé ;S;a‘}"gl;n:“fﬂg) jama no 0 “ico SO, 1 wmbaglﬁon of the individual's

ti cluding locaty 1recuon ny eration,

medical condition at an, n q‘;ﬁ;é‘ nt.time,point mgxhlts be dlage S'[IC§ plzllolven that the

UJE[ es such as o, stress, and sLain; )m ne
direction and/or spegd m q}qyement of the normal condition in the graph is diagnostic, one can use
gravilationa

the direction and/or spggfl,Qfihe Initidlmeyementel. e normal.copditien.ip.prgdict die consequent,
new location of the norgal candifion..eapecially hitis.astahlishedhatunderthe effect of a certain
agent (for example, a phouudicestical)s there.are.onl.a.cerainnumber .of lacations in the graph at
which an individual's nggRal-eenditiansiil.slabilize.:klL0d 22:liddowever, in some aspects of the
invention, both diagnosis:and.predictivmeiassessing themedicalcondition @iatsubject are performed
by qualified medical peisernehandthesnaihematioal mogekprovdes aneducational tool and resource.
[00123J Fig. 6 illustratamanrexemplasypmethed-of thednkention-fer-applymghanmathematical model
longitudinally in real-times fRedevainthiemaskerns! antlidist re teetinical vutcagmesrgorresponding to
15different biornarker péftiérisigrepredeterriinedyfrofvrdtoticahdatssData is then obtained from a
subject and the dat& corresportingtoeacti-retetantblowaternn §s fnersered. Data is preferably
obtained from the subjettusitighdpointvdfreareniicrofiititie-devitednonevdr oftiean be obtained in any
manner. Each time the®t&ta i opeainee atistane esrhtive (e eiariple Fmsiisndbis distance) is
calculated in relation to"&@aeH B AtrON oBtamEtrfrotity Eidies wraryefeprefiettrical data. The
20centroids represent fHEdERFEHE BieaPoutEshiesaatetiimBawath Tia Historical data. 1001241 As
following the flow d|§gréﬁﬁ“*ﬁ‘iai‘—"l’g’f%’[%"?m&%h’“ it Y TR E LR & H"FS‘“ JH'tihte, the probability of the data
belonging to each cllnlc'a "6 E’:‘(‘ﬁ'%%“"%d’(‘f‘ﬁlc UrSted e brobab fx‘isp ca cu‘lhated from the distance metric

nacouticat wa Hska! C 0 EO a new or, O‘EItIOIl s differe
using a statistical estlmpa, “roces Ure. SLch &% Ifclgl fimate. %ggle‘a on the set of calculated
ar:nacaulioal resuliant osmo

harmaceutical pefmaon B

probabilities, the posm eac time 0|n£o ata Is, ssigne Sam)% gprobablllty space. The

lk ‘i me _mslanw%; j(}i‘ﬂﬂf e Vﬂ ue's [u! 1 L ANYES VETY l'ﬂpl gucH ihat Stﬂn i1

CaICUIatlon IS repea;?d BT Exﬂ.ﬂ e, Bﬁlgn il)’ I'ﬂlSS 1RIgE < )ﬂngcs Jis) Erﬂ Ja%ncgqungxr;lr}% CC'itf'gsr;SIS t en %eated by Ilnklng

adjacent time points. The d anc irection, speed, and acceleration of t[;mec ayglqtor can be calculated

uu: y WIER a patitnt’is usSing & p) a pharnmaceutical ¢

and plotted for display gy fevlew,/tihe Haeriar.sxample, AvsiGian), deems.fhe data to be of
significant importance, {hg usermayActYaie.An.Aam Qrwamind.aysiemand ageordingly change the
course of action for treating,Qx30monitoring the medicat.candition..Aliera course of action has been
adeStal; the ste ps &Ssmmﬁrmmlu withiat a short period of times (for example, 4 hours), it is often not possible

to Teceive test resulls.
[60%15] Large changes in biomatker vaiues can occur such that couventional Jab methods which use
onky one ssmple dilution level cannot measure the malyte due to the range of the device. Qfien,
nore sophisticated lab methods that use multiple dilution ranges that extend a range can atso be

35 overwhelined by & massive change (for cxampic, greater than 1000-fold) in a biomarker valve. If a

ditution is sepeated Lo obtain the proper range, In many instances 24 hours may have elapsed before



medical condition of a subject can be repeated to continue to monitor the trajectory of the subject
[001261 Fig. 7 illustrates an exemplary method of the invention for developing an alarm or early
warning system for or upon assessing tire medical condition of a subject. The trajectory of a medical
condition of subject and the infonnation corresponding to the trajectory (for example, speed or
35acceleration) is obtained through a method of multivariate statistical calculations, such as the
method illustrated in Fig. 6. In order to analyze the information obtained from the mathematical -Is-
analysis, qualified medical personnel (for example, a physician) can establish criteria for activating an
alarm or warning system based on the measurement of biomarker patterns from an individual subject.
[001271 This method allows each individual user to define the value and set of criteria as they see fit,
5according to the individual user's priorities. It is understood that each user or physician may view
each medical condition differently and the example method of Fig. 7 accounts for these differences.

1001281 An exemplary, mefhod of the invention assians Rrogress. ines 19.cagh giscrete clinical
outcome. The progress lines may.represent diferant clincal soteria or. e medical condition a subject
passes over. Preferably, {he progressines.are.Rosiianad. and.defermined bysan individual 10LIM,
such as medical persoppel.. The Hsermav.assign-aifferentlocuions ehihepragress lines based upon
the subject history, histgrical.data.ofthemedical cardiianof.persanal, experierce. Ass example of a
probability space with rlesslemonsiraied.asRiogirssdines is.lusiiated.nkig. 8. For example, if the
trajectory of a subject gaes;within-ope.qfthe psogress-inesdiusirated;in migi-8, an alarm or warning
system may be activategda.potify thenser erthesubjpeh.-Qther passibler r@suits,|Sinclude, but are not
limited to, a system primioutiof the-medicak data, (a wsexirteriace-displayingtre. information, a flashing
light, an alert system, amalasms @visuzrer arvermail-atelephrotelcomimimicatior:and a pager system.
The alarm system not oy assessestiracurerntsngdital-eontitiornof thesubjéct, but may also guides
course of action for thertserisGoEeg RWitefrarmedrMEN OF thicharattérsties of the trajectory
surpasses a specific vaitieay oraetefthitiad e fisdurereet camafarh 8 hvArning system can be
activated. The user carftfgfHdatérhifa e HEeetdrs @ Br SEHEHIer 4588%%ing the medical condition
of the subject. 130]'n dfr&miBGHithElE BT e MYVBRH o TR P slR &I 8FtAE subject can be I1Oti
tied of a need for taking™s TREYIEA H&ioH% .(léfrsg)é%’é’si(éﬁltﬁfom réhametatizing Ihe position of the subject
data in a ihcrease in [L-6 concentration in said subject is indicatave of the developtent of sepsts in satd
subjeet, In a further instance, an at least about 10-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or
more decreass in protein C concentration in said subject is indicative of the development of sepsis
20 iuosaid subject,
[00117] In an exammple, when no significant event is ccowring in a patient following chemotherapy
at home, the measurement frequency of an analyte can be reduced. In some instances, the system
can protmpt appropriate action by a user baged on prior results.
[04118] In some instances, the methods and systews described herein allow {or the monitoring of the
25 health status or medical condition of a subject threughout a time frame as sinall as 2 few days. For
example, the evelution and pathoplysiology of the disease process, the response 1o therapy, and the
possibie onset of untowartd side effects spon expontge {0 a drug can be monltored by longitudinally
sampling blood. Frow these samples o profile of key circulating biomarkers can be estabiished.
Specific biomarkers can be selected based on, for example without limitation: knowlcdge of the
30 diseasc process and its molecular pathophysiology, the mechanism of action of & given compound,
and its observed effects profites.
[60119] Representaiion of a sionlar movement of lopgitudinnd data to that previvasty described is
Hustrated in Fig, 5. At cach me point (T = 0 to T = 8), the data poiat is plotted in a probabikity
space. The line traveled from one point Lo the next 5 a vector,
35 j00120]Diagnosis of the individual inay be aided by studying severa! aspects of the movement of

the inlividual's medical condition in a probability space. The direction (for example, the augle
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probability space. Examples of a notification include ass alert system, an alarm a buzzer, an emalil, a
25telephone counsunication, and a pager system. 1001311 Medical personnel may take medical
action when notified by the methods of the invention that the medical conclitims of a subject has
violated a rule imposed by the medical personnel. Medical action includes, but is not limited to,
ordering more tests performed on the patient, altering the dosage of an administered therapeutic
agent, sahninistering a therapeutic agent, tenninating the 30administration of a therapeutic agent,
combining therapies, administering an alternative therapy, placing the subject on a dialysis or heart
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. 1001321 After a
medical action has been taken or has been chosen, an outcome analysis can be 35performed for
characterizing a result of the selected action. "The outcome analysis can lead to automatically updating

the probabilty of the diggrete. giniea). QuisamS 9140, SISk A% (R Any slinical outcome,

For example, discrete QJiQAg@JnQMIeCm@%t m@m@a;%mﬁ,@gmsgm@@J@%ﬂ@;@gﬁs Agnzresponder, partial
responder, and septic, gr.thembe:mare.spacific.suchiasadverse.drlgisaastins:n addition, discrete
clinical outcomes may ha.sequence«kdawnsiteanm.clinically Rrelevantevenisar results. Subject data
can be obtained for any phatMasalogisal.paihaphysiolaginal ar-pathopsyehalogical clinical outcome.
The subject data may ha.ebianed duriBg.a.fikst timeperod-pefare andatentention is administered to
the patient, and also dusif@-ase e ad;0EMeretin eypered(s) afterthedptemention is administered to
the patient. The interventiemmay gamprise-entdrag(s)andioria plagebo. The intervention may be

suspected to have a prepansity to-atieebiine: Loheightenhddrsiedbthieonsetd the specific medical
condition. The interventigirimalbe’ suspectedtrofheviigiadropenstytiddetrogse the heightened risk
of the onset of the specifid medieadesivitidmd Fhecspecific medical condition may be an unwanted side
effect. The interventionEiFiediipitse-srininisterife) ke drar reiitre rethrtie 8fétn has a propensity to
increase Use risk of thésipeieificrrédie &t eoritior tHd spedific meargrestition may be an undesired
side effect. 1.5(001'34] MeditaresreitisHsrirerite Bul srehotfivtetrdrprarittacological,
pathological, phy5|oIog*i‘é’&f‘é‘ﬁd“ﬁ%%ﬁ‘é‘l?i‘ﬂi‘é&l"%‘i’fa’ﬁ.’fﬁ’ﬁ?‘”‘l‘fb‘? BREMPE “A6K8Ynality, affliction, ailment,
anomaly, anxiety, causd L ELds " giEst “;d*ef” l'ﬂness i"s‘hcgé‘iﬁokr‘?wfﬁsfﬁlrﬁ’i v °b‘amfdadl¥ problem or
sickness, and may ncl{iE ;faf::i:::“‘“:; il o 9‘& [mityf fiStnancy and retarded
Or reverSEd male p ttergll LTOIC qmofgﬁl fhe B(,re%l IJHL‘{\ OUKOI!(’i:!gdgeglgneilg)ﬁﬁ%)égq'ﬂlf{ta Ut are nOt Ilmlted to
neurodegenerative 20%%849@l;%msga;ogﬂvv%,t,;gaem disorders. sardiovaselilar disgrslers. autoimmune
disorders, inflanmiatory disarders, cancers, Racterial.and vggglxnu@af%t;n%@%ﬂp@&gnga arthritis and
endocrine disorders. yﬁ'ﬂ;ﬁﬁ&ﬁ%@@%&éﬂ%&@lgmv&tmonmumngg 10, JHRNS.FheUmatoid arthritis,
endometriosis, molt ipig selergsis.siokeAlzheimers.disease: Rakinson.sigdisgases, ltutaington's
disease, Prion diseases,atnyqlophiclaleral.sclerasis: (Al )« ischacmias, atherosclerosis, risk of
myocardial infarction, hypeflansien -2epudlmenasyiperirnsioneangestive, heart failure, thromboses,
diabetes mellitus typesd.a5.Bspking.cancer, Hieast: canceraaloncancesprostate €ancer, ovarian
cancer, pancreatic cangesOrakaaNeek-s0lich{unars pdralanomaydisqrcais of lipid metabolism,
ILTV/AIDS, hepatitis, including-hepatitis H-B-anc-Cythyseidiciseasesabertant@aging, and any other
disease or diSOI’der30 menitoring the medical condition. Afer a course of action bas been adjusted, the steps assessing the

medicat condition of a subject can be repeated to continue to monilor the Unjectory of the subject.

100126} Fig. 7 iliustraies an cxemnplary method of the invention for developing en alann or eatly

waming system for or upon assessing the medical condition of a subject. The trajectory of a medical

condition of subject and the information correspunding fo the trajectory (For example, speed or

35 acceleration) is oblained Unough a method of multivariale siatistical ealenlations, such as the

method illustrated in Fig. 6. In order 1o analyze the information obtained from the mathematical
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[001351 Biological Markers 301001361 Biological markers, also referred to herein as biomarkers,
according to the present invention include without limitation drugs, prodrugs, plammaceutical agents,
drug metabolites, biomarkers such as expressed proteins mid cell markers, antibodies, serum
proteins, cholesterol, polysaccharides, nucleic acids, biological analytes, biomarker, gene, protein, or
hormone, or any combination thereof. At a molecular level, the biornarkets can be polypeptide,
glyceprotein, 35polysaccharide, lipid, nucleic acid, and a combination thereof. 20- 1110137i Of
particular interest are biomarkers associated with a particular disease or with a specific disease stage.
Such biornarkers include but are not limited to those associated with autoimmunc diseases, obesity,
hypertension, diabetes, neuronal and/or muscular degenerative diseases, cardiac diseases, endocrine
disorders, any combinations thereof. 5[001381 Also of interest are bionnarkers that are present in
varying abundance in one or more of the body tissues including heart, liver, prostate, lung, kidney,
bone marrow, blood, skin, bladder, brain, muscles, nerves, and selected tissues that are affected by
various disease, such as‘!@ffﬁeff@ﬁ’t‘Wb%?‘Uf’(‘:‘éﬁ‘éé‘i"‘(ﬁﬁlﬁ}jﬁéﬁht‘“b?“f’i’B‘i‘ifﬁ‘fé”té\”sft%‘iff&}? aerobium= discuses,
inflammatory or degen&ritives HHERASEE ol SOT RIS B HTRPELr e SRaNiE< Hat are indicative of a
microorganism. Exemgl#f§ 10microorganisms include but arc not Iingit_ed to bacterium, virus, fungus
and protozoa. Other biSHAMREFE EOSHST ORI 45U jé?ﬁisjﬁiﬁéﬁﬁe&ﬁégiy orn pathogens selected

from a non-limiting oty that CoRSISts of Stantiviococcis epidermides. Escherichia colt

dical condition differently apd the aocouty

methicillin-resistant Staphylecoccus aurets (M. SRA), Staphylacaces.awalg, Staphylococeus homins,
Enterococcus Means, Esel J,ﬂ%&a&u@%&@@g@éﬁm@ﬂﬁ:ﬂﬁ){ﬂ%&QSH& gaRitis.sataphylococcus warren”,
Alebsiella 15 pneumonjiag, Haenzopiiis,INinzas.SianbyasocsHs simiansastreptococcus
pneumoniae and Cgndida,alhicans: 4044911 3imnakats-Alsaenaanpassia-satety of sexually
transmitted diseases sglggied fropt.lse.folewing gencnhea Meaisscyagarkhoeact), syphilis
(Treponena palliclum), glamydig4Siamyeadracantitis)Rongenacoetatwetbiitis{Ureaplasot
urealyticton), yeast infeglign {eon@ida.adhigany) »a0kamnitbdeasmophidia duerayi), nicht); noniasis
(Trichornonas vaginallyjgeritakigrpesy b 4G edypad Grudddy, ti-ded, dit\Msibiardihepatitis A. 13, C, G,
as well as hepatitis caus@ek, by kb b0 1dkEBiornarkersraireompass arrirsitse Bf respiratory
pathogens including butmetiimited-tosRseddorronadactugmesasmethieiflin-resislaut Staphlocoeccus
out-ens (MSRA), KlebsieHarmenusintin sHaerffophilisin fitehzaesStapitordetus areas,
Stenotrophomonas 25Ha¢imophilispdaramflieniaeoBseirdridhite ¢olt, Emerocoecus faecalis, &erotic,
tnarcescens, Haentophttgpairataemotytiars-mittrodliteirs elogese: eafidits&hiatus, Moraxiella
eau:entails; Streptotoctrsiprstnemibe: CHMbAtErREIHTR EtEoEE s fikcium, Klebsella
arytoca, PSTWOMOM -t ffestiso el s rishin rgis, SHEpotueits pyogenes, Pneurnocystis
catinii, Klebsella pneurf@hde-t srénea s Rettirophitd My ettt Bianiionia; and Mycobacterium
30tuberculosis. [0014 2 tiStetBa s arE S aitsHEa eXas DAl mﬁ%‘ﬁ‘ﬂ?‘é‘?rsm"a%%trﬁf{r‘féato the present
invention: Theophyllinc™&RE RGBS EAYSishin CANS Brogeserone, THA2, 6-keto-PGF-|
-alpha, and Theoph%ﬂ|iﬁ8{j*‘?§‘é"t‘f‘%£ﬂi“c‘il“?“rl’h'}‘é‘,"ﬁtf?h:gf 1ormone, lligh sensitivity CRP, Triglyeerides,

. 00131 Medical pargonnel may take cal getion when siol]
Tryptase, Low density IRoprotem Clilester ol High density, Insprotein, Ghelgsterol, Cholesterol, BIER.

tion of & subj
Maedical action includes, but is not limited to, ordering more tests performed on the patient, altering
the dosage of an adiinistered therapeutic agent, sdminisiering n therapeutic aget, lermisating the

1) administration of a therpeutic agent, combining therapies, admindslesing an alternative therapy,
placing the subject on a dialysis or beart and lung machine, and adiinistering a pain killer. Ix some
emboditnents, the subject may take medicnl action. For example, a diabetic subject may administer a
dose of insulin.
[09132] Afler a medical action has been taken or has been chosen, an outvome analysis can be

35 performed for choracterizing s result of the sclected action. The outcome analysis can lead to

automatically updating the probability of the discrete elinical outcome of the subject.



[00143] Exemplary liver markers include, without limitation, Arginage | (liver type), Alphafetoprotein
(AEP), Alkaline phosphates, Alanine aminotransfetase (ALT), Lactate dehydrogenase (LDII), Protein
C, and Bilimbin. [00144]Exemplary kidney markers include without limitation "TNEa Receptor, Cystatin
C, 5Lipocalintype urinary prostaglandin D, synthat age (LPGDS), llepatocyte growth factor receptor,
Polycystin 2, Polycystin 1, Muir:pain, Uromodulin, Alanine, aminopeptidase,
N-acetyl-B-Dglucosruninidase, Albumin, and Retied-binding protein (RIM"). [00145]Exemplary beast
markers include without limitation Troponin | (TM), Troponin T (InT), CK, CICMB, Myoglobin, Fatty acid
binding protein (PABP), CRP, Drdimer, 8-100 protein, IMP, 10 NT-proBNP, PAPP-A, 'quiet
operoxidese (IVIPO), Glycogen pliosphorylase isoenzyrne 1313 (G171311), Thrombin Activetable
Eibiinolysis Inhibitor (TAPE, Fibrinogen, bohemia modified albumin (IMA), Cardiotrophin-1, and MLC-I
(Myosin Light Chain-E. [001461fixemplary pancreatic markers include without limitation Insulin,

Amylase, Pancreatitishssgcoated protein (PAR:1).and Regensiatain.pioteing (Rfie).
15[00147]Exemplary %Hée‘&!a@ t&§§é{'e%:m%d§@ 2 neluds. withoutIimitation.MxQstatin.[00148] Exemplary
blood matters include withaut limitation ErithopesitintERQ)., 1001 4ExemRplary.bone markers include
without limitation, Crosggiakes. N4siopertides:Ql-honsdyne:lcallagen.(Nix)Garpoxytenninal
cross-linking telopeptidg-of han sallagen.dyeypyhidineling deuxynyridnling20Pyridinoline,
Tamale-resistant acid phasphaiasRreccliagendype: e propeptide;Rreeakagendype IN propeptide,
Osteocalcin one gla-preigia)AlkalinephasghatuseGatimpsia KoM (@artillage Oligimerie Matrix
Protein), Osteoerin  Ostesprategokitt{i R G RANK p8R AN ~FRARDHRACP 5), Osteoblast
Specific Factor 1 (OSE=k@Riciotrophing; Solubiercel aothasion-moteculesiiaffit, sahl, sCD8, gel344,
and Osteoblast 258pekifit-=actof2 (@&SE-fre plggli )¢ 00 TS0E inisomeembyotiiments markers
according to the presefitinyventish aferdistagespadifich-Exe rh arycancdrmidrkers include without
limitation PSA (total prEseesiispdeifiendiistive by Craxtrihd e iyktateiariy phesphates, PSA complexes,
Prostrate-specific gené® 1 eRer 398 *C 3T SeMpry eIt RitigeR{ECEAY Biptid-fete protein (API)
,(Duman ellOTiellie 30 ﬁéﬂrﬂ’t?ejp‘iﬁf‘ﬁﬁﬁfmi’f"‘ef)m"mfé’ﬁ‘ﬁr‘f‘ 8% €/ 27.29, CA 15-3, CAA Breast
C1924, ller-2, Farrdwf{ i CR 189 ¢ Speiis&Rbrik H’l’@‘f& 'i’""““”“@f?\ﬂ 'pﬁﬁ&%atlc Neuron-specific mats,
Angiostatin DeR3 (SSIﬁ“B}fe‘*’ ge “‘%‘2”"“1"5“{ d§} ‘SEFOT&X s O"I‘-@““L” AR I\)I'Re’fj""l'frée Immunoglobtilin

anxicty, cause, dis isorder, nes m s sEftan, 1 prob] Of 8
nght Chaln Kappa Free Tnlugnamgi O e'dlnca Loms% ﬁ)&?exam;l}?e l'fqn? pmgﬁmcy an utar érlfleomggrumn A
Adtcnornedu”m 35|nt§rglrmftcm¥lguese kaecgc m\éxlg;l C-Uil(gFlCﬂ]S mqt%g,@u?arb m)tpum OVA/{:EI faCtor

growth factor Vasculaﬁmgmoc&b@,l‘!%!mgmwm I@ﬁ&%@&%@t%hml,@egﬁll x@\&s%%g%%ptor c-kit/KDR, KDR,
and Midicine. [00151] Exemplaminfestions dispase marksrsnglide.withaut limitation Viretnia,
Bacteremia, Sepsis, FYNElasiase:.EMNglastasel aldloomplexisidactantbrotein D (SP-D), 1IBVe

anti gen, lateral selerosis {ALS), ischacias, atherosclerosis, risk of myocardial infasction, hypertension,

25 pulmonary hypertension, congestive heart failure, thromboses, dinbetes mollitus types Lor 1, lung
cancer, breast cancer, colon cancer, prostate cancer, ovarian cancer, pancreatic caneer, brain cancer,
solid fumors, melanomn, disorders of lipid metabolism, HIV/ AIDS, hepatitis, including hepatitis A,
B and C, thyroid disease, shevrant agiog, and any other disease or disorder.
00135} Biological Markers

36 (00136} Biological markers, also referred lo herein as biomarkers, aceording to the presesit invention
inciude without limitation drogs, prodrugs, pharmaceutical agents, drug metabolites, biomarkers
such as cxpressed proteiss and cell markers, aniibedios, serum proteins, chiolosterol,
notysaccharides, nucleie acids, biological analytes, blomarker, gene, protein, or hormone, or any
combination thereof. At a molecular level, the biomarkets can be polypeptide, glycoprotein,

35 polysacchaside, lipid, nucleic acid, and » combination thereof,
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5litiVs antigen, Anti-HBVc, Anti-HIV, T-supressor cell antigen, 1-cell antigen ratio, T-helper cell
antigen, Anti-lICV, Pyrogens, p24 antigen, Muramyttlipeptide. [001521 Exemplary diabetes markers
include without Emilia ion C-Peptide, Hemoglobin Al ¢, Glycated albumin, Advanced glycosylation end
products (AGESs), 1,5-arthydroglucitol, Gastric Inhibitory Polypeptide, Insulin, Glucose, Hemoglobin,
ANGPTL3 and 4. 101001531 Exemplary inflammation markers include without limitation Rheumatoid
factor (RP), Tumor Necrosis factor-a (TNF-a), Antinuclear Antibody (ANA), C-reactive protein (CRP),
Clara Cell Protein (theroglobin). [00154] Exemplary allergy markers include without limitation Total
Jutland Specific IgE. [00155] Exemplary autism markers include without limitation Ceruloplasinin,
Metalothioneine, 15Zinc, Copper, 146, 1317, Glutathione, Alkaline pbosphatase, and Activation of
apo-alkaline phosphatase. 1001561Exemplaty coagulation disorders markers include without limitation
b bromboglobulin, Platelet factor 4, Von Willebrand factor. [001571In some embodiments a marker

may be tnerapy specit R Per el bgU BNl mialan L2 ), oketo POEL
imitation Leona, Leptlnmgemqy,hm,,ﬁr &@L&,t%mnm ﬁmlmuamggemgmmungmce I' 11-Is0-PGF-2a.
[00159] Exemplary gerjgtric ég@}ggggomg[g,ggmmmggg,l,imjtation, Neuron-specific curies, GUM, and
S100B. 25[00161)j Exemmiany markers,efnutritionatsiatus inciudawithoutlimitation Prealbumin,
Albtunin, Retinol-binding:ptatein.dRd M. Tansieriin, deylation-StimulatingReotein (ASP), Ad iponentin,
Agouti-Related Protein,(AgRR): Angiapoietinmlike #oteiRd-(ANGRE 34jr-tARy: €-peptide, AFABP
(Adipocyte Fatty Acid Bindingdroiein EABR 4)-AcyationsSimulatingdreteini(ASP), EFAI3P
(Epidermal Fatty Acid Binding i rotein: EABRE)-30GlieentinrGlucagony@lucagon-Like Peptide-I,
Glucagon-Like Peptide=Zqo(ivekochasulin, ieptint heptin Redeptond RY¥e ffs_Ms, Resistin, rund sTIR
(soluble Transferrin Recepter 180461 - Exdmpladypmidrikers-efipd-tietabotisifrénclude without
limitation Apo-lipoproteing fseverat) S &poals Aforts IagdiCcirt Kot Apo-E. 1001621 Exemplary
coagulation status mark@tdeirrettrte R tidutUmitate A BAS P P EiiEge* 1 SE4ctor 11: Prothrombin,
Factor II: Tissue factoﬁ*ﬂf@éfc‘ffﬁf"ﬂw“e%ﬂbﬁmﬁ fratsteseesr P HOYETIIETIT - FERTH F e

preumoniae, Haemophilus influnzae, Staphylococcus simulans, S'fmp!ococcu? preumoniae and
Candida allbicans.

[00140] Biotnarkers also encompass & variety ef sexpally transmitied diseases selected from the
following: gonorthiea (Neisseria gorrhoeae), ayphilis (Treponena pallidum), clamydia (Clamyda
trocomitis), nongonoecoceal urethritis { Ureaplasm wrealyticrm), yeast infection (Condida albicans),

20 chancroid (Haemophitus ducrey), trichomoniasis (Trichemonas vaginaliz), genital herpes (HSV
type T & 10, HIV §, BTV 11 and hepatitis A, B, C, G, as well as hepatitis caused by TTV,

{80141} Biomarkers encompass a diversity of respirstory pathogens including but not Hinited to
Pseudomonas aeruginosa, methicillin-resistant Staphlococecus aurens (MSRA), Klebsiella
preumoniae, Heemophilis influenzae, Staphlococcus avreus, Sienotrophomonas maliophilia,

25 Haemwphilis perainfiuenzae, Escherichia coli, Enterococcus faecalis, Servatla marcescens,
Haemophilis parahaemolyticus, Enteracoccus cloacae, Candida albicans, Moraviella catarrhalis,
Streptococcus pnewnoniae, Citrebacter freundii, Ertervcocens fuectum, Klebselli oxytoca,
Prevdomanus fluarscens, Neiseria meningitidis, Streptococcus pyogenes, Pnewmnocysiis carimi,
Kiebsella pnewmoniae Legionella prevenophila, Mycoplasma preumoniae, sod Mycobacterium

30 twberculosis.
j0142} Listed below are additional exemnplary markers according {o the pregent inverdion:
Theophylline, CRP, CKMB, PSA, Myogiobin, CA125, Progesterone, TxB2, 6-keto-PGF-1-alpha,
md Theophylline, Estradiol , Lutenizing Liormoue, High sensitivity CRP, Triglycerides, Tryptase,
Low density lipoprotein Chelesterol, High density lipoprofein Cholesterol, Cholesterol, IGFR.
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VI, Factor VII: Prmonvertin, Factor VIII:, Anti-hemolytic factor, Factor IX: Cluistmas factor, -23- Factor
X: Stuart-Prower factor, Factor XI: Plasma thromhoplastiii antecedent, Factor XlI: tlageman factor,
Factor XllII: Fibrin-stabilizing factor, Prekallikrein, High-molecular-weight kininogen, Protein C,
Proteins, D-dimer, Tissue plasminogen activator, Plasminogen, a2-Autiplasmin, Plasminogen activator
inhibitor 1 (PAD ). 5[00163[Exemptiny monoclonal antibodies include those for EGFR, EMB2, and IGF
[00164)Exemplary tyrosine kinase inhibitors include without limitation Ab I, Kit, EDGER, Sic, ErbB2,
Erbl3 4, EGER, Eph13, VEOFR1-4, PDGERD, FLO, EGER, PKC, Met, Tie2, RAF, and TrkA. (00165)
Exemplary Serine/Threoline Kinase Inhibitors include without limitation ART, Aurora 10 A/13/B, CDK,
CDK (pan), CDKI -2, VEGER2, PDGER11, CDK4i6, MEKI -2, mTOR, and PKC-beta. [00166[G'PCR
targets include without limitation Histamine Receptors, Scrotonin Receptors, Angiotensin Receptors,
Adrenoreceptors, Muscarinic Acetylcholine Receptors, Onftil Receptors, Dopamine Receptors,

Prostaglandin Receptogs,.and.ARR.REGERIALS. {90184 M.a568Rar ale §bgdiment, a method herein
utilizes pharmacologicalparameters.usaihior, 1bassessing-etficacy.andiafigxicty of a therapeutic
agent and the agent's affggt.omna medical condition. For the purposes of this invention, a "therapeutic
agent” is intended to inglude-apy-substancesdhathaveitheraperticdidiyaad/or potential. Such
substances include butarengk limitediohialegical.cn ehemicabcompards-speh as simple or complex
organic or inorganic melgeules.peptidess.proteinsdionexample-aintiodiesy-or a polynucleotides (for
example, anti-sense). Avai20acmy.ohcampounds: eam beynthesized, for example, polymers, such as
polypeptides and polyn#eiabides; enaegynthietieivrgand-conmounds hasetioib.various core structures,
and these are also inclelegMp helderysthe rapeutichafént Ciit Taddirtid i varieB natural sources can
provide compounds°fir SEreRiftf Suttirasplant 8 afiirral roxeaets: e the? FIRERIt should he
understood, although rioraEinys ek BhilyiSeatéd T heagei st alomns B combination with
another 25agent, havirfgtfersanet ¥t aifferant BiGiagical activity as the agents identified by the
inventive screen. The AGEATS Bty MIEHETS SISE 4 ’iP‘i’t‘é]ﬁ‘ﬂ’étﬂ“fE)“B‘é’E‘tﬁﬁ%’i)ﬁ‘“é“ﬂ’ﬁ/nh other therapies.
[0016M ImplementatloﬁL B REHEYS" Tﬁ)%fi%‘?’fﬁ" ) 'he understood that the exemplary methods
and systems described herein ml’rﬁgmﬁck fpTemented jn 'éi'r‘f'oﬂtt'j’gMﬁou’s ?f hardware, software, fit mware,
special purpose proceésoré X cm"k Smcmmt‘ﬁ"t %6?Mmss dsh e opepiﬁes an ho inrplemented is,

;Fxcmplary boncm In? Jontho t Hipdistio
software as an appllca |orz)£][ogr tangrgy embodied on'one or more program Storage devices. The

application program may.be exectited by any machine, deyige, or platiMim camprising suitable
architecture It is to he fmmg[nyﬂgglggq 35Q§£bggggg§gll§ggmgcpcfl;glgp§¥§;gm§ and methods depicted in
the Figures are preferafly.jmplesenteddn.sofiwase.the imbalcamicsionsbetween the system
components (or the proggss.sigRs)-may fiffer depending upon the manner in which the present
invention is mate tinned.&Givgn:xthe:ieachingserrin: eneohordinaryskilkinthe related art will be able
to contemplate or practige.theseacsimilaninplementatians:arcenfigu ations:f the present
invention. 25 Specific Facior 2 (OSF-2, Periostin).

[001230] I some embodiments markers according (o the prevent invention are disense specific.

Exemnplary cancer markers include without Liinitation PSA (total prostate specilic antigen),

Creatinine, Prostatic acid phosphatase, PSA complexes, Prostrate-specific gene-1, CA 12-5,

Carctnoembryonte Antigen (CEA), Alpha feto protein (AFP) , BCG (Human chotionic

3¢ gonadotropin), Inhibin, CAA Ovarian Ci1824, CA 27.29, CA 15.3, CAA Breast C1924, Her-2,

Panwreatic, CA 19-9, Carcinoembryonic Astigen, CAA paicreatic, Neuron-specific enolase,

Angiogatin

DoR3 {Scluble decoy receptor 3}, Bndostatin, Ep-CAM (MK-1), Free Immunoglobulin Light Chain

Kappa, Free Immunoglobulin Light Chain Lambda, ierstatin, Chromogranin A, Adrenomedullin,

35 Integrin, Bpidermal growil factor receplor, Epidermal growth factor receptor-Tyrosine kinese, Pro-
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[00170]Fig. 9 illustrates the process flow of building the model mid system for 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 6ther
subjects can he historical data from public or private institutions. Data faun other subjects may also be
internal data from a clinical study. [00171] The subject may input data in a variety of ways, or using a
variety of devices. For example, a point-of-care rnicrofluidie device may be used to acquire biomarker
data at the point-of-care. The 10data from the device may then be COMIImnicated directly from 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 entering data into a
database. 15[00172]A database is developed for a medical condition in which relevant clinical

information is filtered o?‘“r‘i’i??i@ﬂ“b@@f‘”éfab%r’ﬁﬁ‘fﬂﬂﬁf‘éw md::meif]vx‘f” “‘k"ﬁ"m exa c“rlﬁﬁ’fe "ffie Internet) from one or
more data sources, suéﬁ §s“a’“ﬁ66tl°c N CREIEE) m}g@ an }t,[mm te database, and a local

Fxmn )]ﬂ:y mi' tio ﬁémeaq anarkers jne ft lmiiaum acter

database A pUb“C dat% éastlnc yf! qast G[E%‘lslb (&%Srfgc ant%mtemw } %@ .33} ém‘ijse by the general

Services. For 20examp| fﬁ' lrggmal al ga 929%&3“%%% Myate mternal database belonging to
2

particular hospital, or a,$MS (ShatedMedical.sysiem).fanmaniding.clipical data. A local database can
comprise, for example, dﬂ)&];@gﬂgﬁ{ Iheasglating.iodiscieteselincabRiicame.dibe local database may
include data from a cliniggltrialy.hdnax.alsadnckideaincabdata;such as temperature and laboratory
information, EKG results: hieeshieshnmulis: patieni.suneyrasponsessakethanitems from patients in
25a hospital or an internal:hespitalaenitaling:systanwd herdatabaseeancalsaunclude historical
reference data of a pluraiityef subjeeh.members in relationship to at least one biological marker.
[00173] The database mayelseibheippliemented-enaivatietofcannmercially available authoring
packages. [00174] Theldatabase-may: bewofiaistoragaunit-ci-aamedioaddnfornation system.
30[00175]Dam fromsa databasscan. be-fitered-tmtciftSHified-tecorting'tdrspecific cases or medical
conditions or a group ofteidgproses and conditions. For example, the classification within the database
may follow the standardiitermaltionaksodti ot agmdses (D Iigesehrtsyet). A medical condition
may include, for examplesaisrysienl it Bfa subject or a disease that the subject is suffering from.
-25- 1001761 In an emB&ditere e et storEa bt Tatasasd iy Ba'eatétted from the categories
consisting of: patholb gy &tatoii tredtiieit 6?%??“1?295‘{???&‘?5?5{5%&6%&”pharmacologlcal parameter,
pharmacokinetics paratfetir BayeRidG AT par A et AN G Shid HTSkhtion

Procalcitenin, Iitain $100 protein, Substance P, §-Iso t’ GF

[064159] Exemplary geriatric markers include withoul limitation, Neuton-specific enclase, GFAP,
and S100RB.

25 [00168] Exemplary markers of nutritional status inchide without Bmitition Prealbumin, Albumin,
Retinel-binding protein (RBP)Y, Transferrn, Acylation-Stimulaling Protein (ASP), Adiponectin,
Agouti-Related Protein {AgRP), Angiopoietin-like Protein 4 {ANGPTLA, FIAF), Cpeplide, AFARP
(Adipocyte Fatty Acid Binding Protcin, FABP4)

Acyhtion-Stimulating Protein {ASP), EFABP (Epidermal Fatty Acid Binding Protein, FABPS),

30 Clicentin, Glucagon, Glueagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptor, Y'Y, RELMs, Resistin, amd sTR (soluble Transferrin Receptor).
{00861} Fxemplary markers of lipid metabolism include without limitation Apo-lipoproteins
{severad), Apo-Al, Apo-B, Apo-C-Cli, Apo-I}, Apo-E.
100162} Exemplary coaguiation status markers inchude without mitation Tactor L Fibrinogen,

15 Tacior H: Protlsumbin, Factor II: Tissue factor, Factor IV Caleium, Factor V: Proaceelerin, Factor

Vi, Factor VIE: Proconvertin, Faclor VI, Anti-hemolytic factor, Factor IX: Christmas {acler,
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[001771Subject data can be stored with a unique identifier for recognition by a processor or a user. 5In
another step, the processor or user can conduct a search of stored data by selecting at least one
criterion for particular patient data. The particular patient data can then be retrieved.
1001781ffelationships 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
infemnation revealed by the trajectory or other available observations. 10100179j Fig. 9 illustrates the
flow of data from a database that includes the data front the subject to a processor that performs the
mathematical methods described herein to construct a probability space. The subject data may also be
inputted to the processor separately from the data pertaining to a discrete clinical outcome that is
stored in a database. 1001801A processor can perform calculating the probability space. Once a
probability space map is 15prepared, the same processor or a different processor can plot biornarker
data from an individual subject within the probability space. The probability space map itself can be
transmitted to an outpulsdch s a dispraltishitsr PrewoErBrorthE s ibj&erdata within the
probability space may &Fsb B trEHEHTTEL S HirdirtplitTHE" SrEEEsss iy Have a means for receiving
patient data directly frofi* Bt deiree S HEEHE B ST G HE Sub 8 d4ta in a storage unit, and a
means for 20processing UAt&” THEBIBEESSEI thay also include a means for receiving instructions a
user or a user interfsacelg.i & PIGCESESr Ay 'élﬁés\}rgl”r‘ﬁéhf’ﬁféﬂf%ﬁ’d bBazbg Yando access memory, as is well
known in the art In one[ﬁé’fﬁb%ec‘ﬁ‘i‘hméH‘tmmnmaseﬁéyfkp atls I cammuHication with the processor is provided.
o] G igh 5 1, compmunication wihe p p

; FrbB2, Erbh 4, BGFR,'E) ; { |
1001811A user mterfaq%efers to graphical, textual, or auditory information presented to a user. User

interface may also refeffo.fhe, control sequences Msad farcontalling.aRsogram or device, such 25as
keystrokes, movemgnts o sglesliQRs b1 8210 usarinisHiRcR:-MaY.Re a.catmpercial software
application for displaying,sibiact-dataandion theQRositian. aithe.subieckdata.in a probability space.
The user interface gengsgily-REQMiALSMsBES Wl aGGRSSIa-Ritask-gpecifis satbef, functions to view and
modify content. In preferphle embadingnpis.etdaa:nvantiongthe user interface is a graphical user
interface (GUI). In somge3fembedinenisma: constiucietpsobabiliiywspacesndwe dimensions can be
viewed using a GUIs Alsessila entkajeciovyiof subjeetidata posiionediwithincthe probability space can be
viewed using a GUT Thed®ilitimybe-displayedrorita-disp sy hmonitol e @tieruser interfaces that may
be utilized with the methizgscofthes irventiofitinciraaitaretmoed mitkdutae mldrigystems, web-based
interfaces, text interfacegiokgrind e faoesthgtetimterfaces antd dritetifentifterfaces. in an
embodiment of the 35imwafition:tHey agei-irtbifate Tarrspittely conimiirftate \With the system.
(00183} By acquirirfy dat frimeasebjettatiuttipter ot e e w4iettiory of the subject data can
be processed. For eacli HHf&E Gt whibeessor ) Eatenrate e positcn 8r e subject data time
point in a probability spAe&F A tHjaEtor e EeAtEd B CONAELTHE HE Teast #S time points of subject
data. Different vector pSFrEHTEEIE ST HH é‘“ﬁ‘rﬁfé”&'t?ffﬁ}"&“éﬁ“ﬁ‘é’ PHIUTSR Y80 SE Wik tance, speed,
5direction, and acceler8liBH: A& VEEIE S AraMctare ST Be caIeatey” ‘iitié"’ﬁ%’cessor. The processor
25 agent, having the same or different biological activity as the agents identified by the/invenlive

screen. The agents and methods also sre intended fo be combined with other therapies.

[02168] EBmplementation of the Methods

[0926%] 1t is to be understood that the exempiary methiods and sysiems described herein may be

implemented i various forms of hardware, soflware, iumware, special puipuse prucessors, ot #

10 cumbination thersof. Methods herein con be implemanted in sofiware as an spplication program

tangibly embodied on one or more program stornge devices, The applicstion progras: may be

executed by any maching, device, or platform comprising suitable architectire, It i to be further

understood that, because some of the systems and methods depicted in the Fipures are prefembly

implentented in soflwere, the netual connections between (e system components (or the process

35 stepsy may differ depending upon the manner in which the present invention is programuned. Given
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may be the same as or different than the processor used to construct the probability space.
[001841Based upon ntles imposed by a user, the position or trajectory of subject data may activate an
alert. The alert or alert system notifies the user wisest 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 10adverse drug
reaction (ADR) 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 not limited to, a
sound, a light, a printout, a readout, a display, a page, an e-mail, a fax alert, telephonic
communication, or a combination thereof. The alert may communicate to the user the row subject
data, the calculated position in probability space of the ISsubject data, the trajectory of the subject
data, or a combination thereof. 1001861A user is most preferably medical personnel. In an
embodiment, the same user has access to the subject data, establishes the rules for alerting the user,

and is alerted by the algrt, The, User mav:alse.Redhe.cuiest. Tar.example, adiabetic patient may
monitor his personal gl&gg%j%%kgggm%gigmggm,lgygj&t #mether embodiment, a user has
access to the subject dgfa.at.any.siergfthedQmathematical.nedel. £Q0.187 1Fig. 10 demonstrates a
networking method of agsessing.the.medicahsangdition.af aisubjeth.A system.of communicating
information may or may:fet iekidea.seader Jor sqading.subjestdatankopexample, iibiornarker data is
acquired by a microfluidie peiat-af-cate.device the valuvesassigneeio differgntiadividual bit:markers
may be read by the device: itseif @i m-separateydevice. 25Another example of a reader would be a
system to scan in subjestdatesthathasbeen enterdehin asseledtronoimddieatstecord or a physician
chart. A further example-of-a sealerweakiconsistof anelectronie: pak igr-fecotd database from which
subject data could be ditetthobtairedvia thercormifiaticationg ety o PPGFT881A user station
may be incorporated inteetingermiethedsoartnyysramis et &fn o THEHSEPrEHoN “I0%ah act as a reader for
reading subject data or#Eas-eathianitr '$ydte Ao THE UL &P ST TR Hi&H"BE used to communicate
data in directly to a usel St rutiedl Fersoisrse therddBjset  TRE{%E 'Sthtion platform may be a
computer or one of a witienaHEty o rETETE Blatorhe th&t fins any operating system. The platform
may read and write'to ARG4 R A GSTEYE Uit-RSraYE Thit 1Tay BEThESTBGTated within the user

tered or mined o {

station. As will be readify SPparET IO ROSE 6F BTehn Z‘i}/f"é"g’é‘ikf'i’f TS A other hardware may be used

sdurces, such as & public romote database. an inlernal remate database, and a d Hatabase. X
tO exeCUte the methOdSpuglfciJ;lta alsr;yau Dsc Lgpdnli@pogfgﬁ Aggfnigaalcglg ['(t)pus§ iﬂﬁfyﬁmﬁ%uﬁmm ga!crnents’ a server may
be provided for use in assessing.a medical copdition. of, & SURISGt: IN.SOME gmbodiments, a reader
and/or user station gommunicales, Wil 2, SEIVE!..J he.Sees. May. GOmRLSE.A AL IWOrK interface and a
processor. A storage ugitmay.alsR.Re.Rrvided.ning Servek. Ie.Srage,.urit is coupled to receive
the patient data from thg, input.2device[eadar.LuuseriMefacs aRd.La.stre.lhe patient data.
[00190[The storage unif nay.ke.any.Gexice canahle.ef.siaring.data.fas.along period of time, either as
a component of the platferm.Oras.asepalateanifathatis-couplediodhenehvark. Although any
appropriate storage;capagiiy mayhbe useddhe:capacity: isdypically atleastien megabytes and more
usually at least twenty gigabytes:.heigtosraga-ehiksmay:bapermmansnioL¢emerable. For example,
10the storage unit mayBeasdnaghreticiiaia doun-astessyisugas-Hexiiaernbard disk drive, magnetic
segnential access, such-agdape, optical random access such as CD, DVD or Magnetic Optical drive,

{00174] The databose ey be of a storage unit of a medical information system.

30 [00175]Data from a database can be fillered and classiflied according to specific cases or medicsl

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

database may follow the standard international code of diaguoses (1019 coding system). A medical

condition may include, for example, a physical state of a subject or a discase that (he subject is

suffecing from.
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and solid state memory, such as EPROM, MRAM and Flash. In addition, the present invention
anticipates other storage devices. All of the aforementioned storage units are by way of example and
arc not intended to limit the choices that are or may become available in the art. 15(0019111n some
embodiments, the data are further manipulated prior to storage by the processor compressing the
data. Some data are very large and compression permits conservation of storage space. In the
absence of compression, this large amount of data may present a particular problem for the storage of
medical information. 1001921M other embodiments of a system for assessing the medical condition of
a subject, data 20 storage, processing and control of data are implemented on a server that is in
communication with a user station. Optionally, computations with the data may be performed on the
server as well. In this client-server embodiment, the server is communicatively coupled to one or more
user stations by local area network (LAN), implemented with Ethernet, Wi-11, llluetwah, USD or

Eirewire, a Wide Area Ngtwork (WAN) such.as:the. infemel dmplemented.by.proadband cable, xDSL,
Ti, 25metropolitan Wi-fl or other high spesd.communications.downdo.plainrpldtelephone-set vice
(POTS). (DOI 93] A usgr.station.isdisconampnical.an, witha.sererte v ut put the inthnnation
processed by the serveg #he.usak statioriway hadhesame.opdiffergntfam the. user station or device
used to input subject datadiRtashe Systemud heLiserstationmay:alsa-ue: ar-alert or a warning system.
Examples of 30a user statior-naluderbutare: potdmitedde - eompates, a FDA, a wireless telephone,
and a personal device, @B as.LnsiRod-hheusesrelation-mayedmcomnmamication with a printer or a
display monitor to output:the dafermation. processediby-the seryerinf{80494psd @ networked system
comprising a saver, angiwmberdevitesimacht-mmeitberscofeer medical network enterprise and access
a central collection ©f nwedtcad tiieristérdel fde Seredtbac SBGRER RiserSttfch Ay have access to
0110[111011H amountseefpitientaatarfitsripratbel 4re sd lrteeorge HRITEREn the world. hi one
application, data horn riultipfedprastionere aretactarierad for teinetreitical trial studies. [00195j
Statistical information i§¥PogitRed te e gt System, preferably at the point-of-care. The
point-of-care is where t’f‘@ﬁ??ﬁé‘i”ﬂ‘ﬁ@’Wﬁb?*é’lﬁé“ﬁf@ﬂ‘gﬁd’%ﬂ‘lgjé&%lv il ”dyﬁ%?f‘ﬁ?’a"and real-time
Scharacteristics of Iﬁte?ffé“f“ﬂgﬁﬁﬁeéf’?%éﬁf ISP RS & Fanf "’s fiédical personnel or the

sub b nce. The probabilit epnw T18]

subject either in the offfe& BT A thETield B nst&n? S '8"‘5‘"‘6%."?%“0"? and ¢ resented with, for
M5 0y | PIS

t, asd lay imonitor. "I pos.;tmno tawnhmtlc robabi}; atys a
example, a subject's me&fcécéonﬁimn anq, statistica mformatp gertal g 19 hp subject data.
OF T irect

rouzssor may bave a means Ving

m ar i ut wce a mbans o

transmission. The dzﬁltap%%@még 50, b,% Il CWBW a sﬁlaxgm 1€ RIQRERSA gmm%mmg information. A
10variety of encryption ﬁgk;&% 5T maﬁmumssa bGP ASRHBlIC. eV, ENGBHOR AL Rrivate key encryption.
may also include a decraemfmqu niLfer, Qg&xmm@g @gﬁ&;exygﬂusy higckdaia. Riiok fe. Storage. [001971rt an
alternative embodiment,if the.communicatian.Randwidihhstwean thea userand dae server becomes
restrictive (for example .jfiherservetds. cewas), the model can be duplicated and

[G8182] A user interface may be a comnercial software application for displaying subject data

ané/or the position of the subjent dets in & probability space. The user interface generatly provides

users with necess 1o a ask-specific sel of functions fo view and modify content. In proferable

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

30 embodiments, a ecnstructed probability space in two dimensions can be viewed using a2 GUIL Also,

the trajectory of subject data positioned within the probabilily space can be viewed using a GUL The

GUI may be displayed on a display monitor, Other user interfaces (hat may be utilized with the

methods of the invention include, but are net Lmited to, alert systems, web-based interfaces, text

inter(nces, sound interfaces, bateh interfaces, and indellipent interfaces. In an cwbodiment of the

35 invontion, the user interface can remotely communicate with the system,
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15 reside in a mirror server at a user station. Updates and communications between the server and
the mirror server can be done off-line at predetermined times. On-line requests from the user can be
handled locally by the-minor server. This alternative provides increased reliability for users, since the
on-line processm do not depend on outside networks. [00198] In an alternative configuration of the
data analysis system, client-based architecture is used 20 where storage, data processing and
computations are performed on a user station. An input device transmits data from a source to a
platform. The platform is coupled to a display through a display controller. The display may he any one
of a number of conventional display devices, such as a liquid crystal 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 ntay store and inn an operating system. The user station platform may he a computer or one
of a wide variety of | ta rdware platforms that nuts any operating system. The platform may read and
write to and from its stOFAGE TR REWIrEE YEE Y aF bare) o tHOSE of oo f?jg:rtfl skill in the art, other

100088 ach fime point, a pr 600! utate the position of the subject

hardware may be used'o 8XEtiite e Soivare. 991 Ira another aspect, computer readable

TR CClOTY 15 Cres! y connecitng at jeast two

instiuctions are provided WEHTvRen Sxeculed ause. 108 RIaSessan 2:RIQYsls, a probability space
defined by a set of giselff e clinical quiSAMEs , Sach. o Whiehs Shatacieized.by.a statistical distribution
of at least one biological marksr: ohiain.suhiegt data.corsspending tadhe.at least onc biological
marker; and calculate thg,pesitign. al.said.sulisctdaiainsaidarahakilit spagsado assess the
probability of a medical,Gopdition of.said-sWhiest. [QA20Q) The-campriterseadable instructions may he a
part of a sohaunt packagg..the.solwmesnnackage canhepiovidegwitk-a.semer of the invention or
an input device, sugh as-adfigiailuidiorpeiniroi-carg-devite. »d8+:18028%ldnian embodiment,
computer readable instrictionsicamprise-instidctions for creating a trajectory between two time points
of subject data. The insvusgtions-mayaisegatise: srprdcessento: taloutate.vestor parameter of a
trajectory, such as speeagiposition;intading: antbaceoeteratior: j082824Qoitr ter readable
instructions may directavprocessor oroutput dévide ty vetpatrtheFassesyment tf a medical condition.
The instructions, witenseskecered rorray dispihisdy raphitialtre firedentation on a monitor, print an output
on a printer, or activate®8¥ieHiert oraierrhi [0oPo ST Aneter dspe bt “CopitErteadable instructions
may be stored in a confjtitér et HERUH T StNE BMUSTMENET (He Eoiputer readable
medium that stores insthigtB&i e Byt tiital Hes e g wersit St shier €mbodiments may
provide a computer readaBE l%“(?d’l‘ﬂ?ﬁhﬁgﬂﬁﬁﬁ‘efd’s"f&hésd"fﬁ“et?éiiﬁm Bilivatity 8 €e§uences of instructions,
which, when executéd Hj/h‘?\’“ FoRESsor, execute a method of the invention. 1002041 Tho computer

. . 187 Fig, 10 de strat elworki thod of assessing the medical condition of a subject. .-
readable instructions WheR eXeCttad Can cause & processor to provide. a user defused alert condition

I
of comny xcatiné information may o :Fa{ Nt mc?dge a TC(E{)] for regding subject da
<,

based on an assessment Of trajectory Barameters o he.su ain roB'abiIity space. In an
For exampl; 3 ﬁ;lomar er'tlata is acx;uxre%(;yﬂmicm hsid?c ;mill%&;careﬂcvwé:, the vsug '

. . & . . .
embodiment, the trajectdry’ Batameters are df feast one pf sneed, J5accelerarion, direction, and

Or A BEPATRLE GCV.

position. 1002051 As ugedherein, 2. compHierieadable medikm.refers Ja.amy,med Mtn which can be
read and accessed diregfly Y, &SR ALA RIOS RSSOk FRAIVIEH. compuLel readable media include,
but are not limited to, magnetic.stade.medivm.Aptical stotage.medium. glgctrical storage medium,
and hybrid storage mediym.of.any.ofthese categories. 20100206] 'Else computer readable
instructions can operatgdisp sftwars.suntime.cnviranment.of iheprecassay 4ian embodiment, a
software runtime enyirepment Riavides.commanly.ised.fyngalions. andfacilities sequired by the
software package. Examples.of.a-sokiwareittkn eenvirenmenidngclute ooutage. not limited to,
computer operating systemssstitplabinashines,as distrtbubiechopasating:e plaorms that

runs any opersling systene. 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 thuse of ordinary

35 skill in the arl, other hardware sony be used 1o execale the methods of the invention,

-



systems. As will be appreciated by those of ordinary skill in the art, several other examples of 25 =time
environment exist. 1002071 The commuter readable medium may he a storage unit of the present
invention as described herein. It is appreciated by those skilled in the art that computer readable
medium can also be any available mishit that can be accessed by a server, a processor, or a
computer. 1002081 Computer readable media includes volatile and non-volatile, removable and
non-removable 30media 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, FEPROM, flash memory or other solid state
memory technology, CD-ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used to
35store the desired information and which can be accessed by the computer. A skilled artisan mut -30-
readily adopt any of thgiesently knawnnetheds ferrecodingdafommiion:en a computer readable
medium. f0020911he, compuigs readable medium.san he.insarporalad.as.pact of the computer-based
system of the present inyention=and.canbe:employadiana computeihased.assessment of a medical
condition. 5(002101 Healthearpsparating-aysiemidzddtiifferentaspectsof the invention can be
used and developed fok-healtacare -sysiems «kxamplesdws. such systems include point-of-care systems,
a healthcare operatingisystern:ena-0om binatien elbothoot-exemplerid dser smay test a blood sample
with a device and the informeation frortithe testean-be pProvided td-=a=systerer method of the invention,
which in turn sends ad@itienakdOaiormationt thenaser HOGR M4nancerbodiment, a healthcare
system is part of an integlfateesinfrastrictufe iyt e ountPrealc mierpdinteoteeare disposable blood
monitoring devicesiWwhithiemsahyzeyatrouetl microlitsrshiniidy i idierifiier to automated
replication of the manuai*preesssed rifby e celm B rateny irdiwregratédinfrastructure,
information can be wiretesElyatramemiv ot it A8sXy 1 Bk ek iy &"dﬁ"’[ﬁﬁ'ﬁ%‘é"%hlch integrates data
front the device with stBfERFaALs TPorm ‘aish At st dRmpases" {gath "e“”h“fﬁré{é"o‘/raf “GEHetic or german
information, data from ‘6?F?f&é?“f?i‘&%’)"iﬂféh‘éi°°éé’ﬁf’ al W&t“%’ﬁ%@’:‘ Dys ‘em can then allow for the
automatic application d? Mathematcd i e ac'?atab%eélémfﬁ the ‘Conte i SEorthe pathophysiology of a given

essu the daia. Some data are very ems COHY esslonperrmt comervatumo storage
disorder. For example, a ‘h 3“: care ystem cgq Be us ealora prove tne |abet of key drugs
SEHICH mpressmn.l arge amm ata ma pres m 1cula:pb
through adaptive cllnlc%r q.scxv |c can generate publlcatlons for 2.0 label expansions for new
IC & 0{1 T OI’I'ﬂE! 1011,

indications, patient subpontiaiens..and. ior ameliorating. safaly SARSSHIS,A08213) In an embodiment
of the invention, a healfhicare svstem.canPeulilizedfas home, tealktime.hlegdmenitoring has
significant implications whigh, Jllaw.yste.calechinfarmationwhich, caanot ha seen using the
conventional blood testing dnfrastisciiiie Q02 4l figndldhustrates /n examplary embodiment of a
system of the invention..Realktime2masauisition ef.subies! tatacambeacepmplished using a
point-of-care device. Thg.Reinioi-6ara:device:eanRagHI e Hsioka ardier, manage information based
upon a specific diseasae.@mhaampound.-thespaii-ai:carecovice:mayalse- a4 communication with the
user or a computer or system belonging to the user. A point-of-care environment in this example can
be the home or the cliniorlse-tlustratechinkign Hiis transmittinginfermatiesd teal-time from the
point-of-care device to @r30Bem¢eron systemathatiSeapalewef convertingthesdnformation or data to a
physiological |y relevantubjest data into the system, The user stotion may aiso be an alert or a warning system. Examples of
30 auser slation include, but are pot Hmited to, 4 cotaputer, a PDIA, a wiveless teleplione, and a

prersonal device, such as an iPod. The user slation 1oay be in communicadion with a printer or &

Jispiay moaitor 1o output the informetion precessed by the server.

{901%4] In & networked system comprising a servez, any aunber devices may be members of a

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

15 given user station may have access lo enormous ameunis of patient data from healthcare sources
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context. This can be accomplished by transferring the information to a database or a plurality of
databases. The databases can be on a server or a plurality of SEIM'S. In an mnbodiment, a
centralized database repository is used to analyze the data and return the data to an end uses in a
physiologically relevant context. The data can be returned and, in the example of Fig. 11, information,
such as 35clinically relevant and actionable information, can be returned to a user through
browser-based -31- 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 system
may not require the transfer of samples, such as transportation to a laboratory, 5which in turn, can
improve the integrity of a sample. Detection of an analyte in a system or method of the invention can
be provided in real-time at the point-of-care. Real-time detection integrated with a healthcare central
database system cm allow for the creation of comrglﬂex I(l)n |tudq|nal data s u(;rogs acquired by an
immunoassay device. BT, ’Gjh'ifmddféo ST Ates AN exBmplary systam of the invention, wherein a

ined cliniCal trifll studies.

health care operating fffsg\é S{tmlm?mm rises d%'ggulnfrastmctu (= meq,% : S @ pmnplg orithms, and software

tion 18 prov 2 the user of The sys

applications. The data, L‘*fas fucew%lgc%@mw used by 2 phrmascitical.sampany for clinical tials

can comprise, for examplemi?,&elg Qt(', j%@m.q,gxn@mmmmw @{sumuguﬁmmm&onal models that can be
customized for programspecifis.ohierivesand:hatsar.man disease.pragression and regression. A
system can be 15integfgigewith hackiendalgatithms. mpdels.«a06 fatadh the data infrastructure. For
example, a system can.fransmitdadividualized coniantiasusars.opdevica-ieiagh-screens or mobile
phones. The feedback may-assist-with-hehavias modifisatigrmand.ingrease; eampliance with therapy.
The algorithms described-hereinambie corelation ohblood-gatardaeifieacy-eguaamics profiles,
behavior, lifestyle, dietpang side-efieetis: 20062174 Content-canmrbe'pased on data for patient classes,
which recognize physiologicakanrc-psychoiegyical pmudispositofstasywelbasibeal socio-erwinmmental
influences. In another embediment-a-systemi-calr ink tdersthroaglestdaletriorks, where success
stories compound through itheicormbmatiorrdfeéetetaivregtisimddreath systdrwith a given therapy.
1002181 The health careoperatintyoyStimrea iferier it Porittorare With consumer systems,
25such as an assay miHEgE by dseay v diig et BrErrieBid telicestith as a cell phone. The
field units can be integrstatiaittrisointeorredra HEE ahd mobile monitoring systems. Field units can be
remote, portable patledfﬂé%lr‘é“%ﬁ}%féi’ﬁ?%ﬁi“&%ﬁ‘ Bréviae “6 ST R IRt ”“‘fénﬁatlc processing of
cartridges for bIood”énﬁl%“’“’Fﬁ Eé?ﬁ’é"““‘éf& ?:“é)g““f”esld’ i mdm“s?rlmé"’é‘l Ly m%erface allowing patient

transmits dot ouice to a platfonmn. l hp platform is cou to a dig ﬂmm gh & display
to initiate assays and grapnica ?' }er a Varle efevant Fnbf! (F 8] E)atlent
controller. Fhe dlsplay may be any one ¢l a numbcr of conrventional dxqpiay de\ vicks, sueli as o Jrguil
crystal display or video display. The platfvrm confaius 8 storage wnit, s processor and an interface
for commmmnicating with the input devige. The storage unit Ins a database for storing, manipulating
25 and retricving subject data. The storage unit aiso may store and nin an operating system. The user
station platforss tay be a compuler or one of a wide variety of hardware platforms that rans any
operating system. The platform may read and write to and from its storage anit. As wiil be readily
apparent to those of ordinary skill in the art, other hardware may be vsed to execute the software.
{0199} In another aspect, computer readable instructions are provided, which when exccated cause
30 aprocessor to: provide a probability space delined by a set of diseiete clinical oulcomes, ench of
which is characterized by a statistical distribution of at Jeast one biclogical marker; obtain subject
dats coiresponding to the at least one biological marker; and caleulate the position of said subject
data i said probability space 10 assess the probability of a medical condition of said subject.
[B0200} The computer readable instructions may be a part of a software package. The soflware
15 packege can be provided with a server of the invention or an input device, such 23 a microfluidic

point-of-care device.
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30diaries, environmental, behavioral, and psychological information, and two-way corm nunteation
system from the instruments to medical personnel or mobile phones and back to patients with relevant
content, messages, and health information. In some instances, blood and environmental data is
automatically (for example, wirelessly) transmitted into models in real time. 100219) As described
herein, a health care operating system can comprise information integration 35mid exploitation
inftastructure that permits, lift example without limitation: data acquisition and storage of point-of-care
results in real time, integration of blood parameters mid patient diary data -32- with all other
physiologically relevant information, and a central mathematical software program. The coon&
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 5field unit can
provide a graphical dlspla(;{g of chmcal% relevan3 ﬁnd actionable information back to the health care

provider and/or the patlent (i)n(mﬁcéng’rd" 220 ss@premgﬁﬁ ?&?@%?gﬁéh?glrmg heal t?’]CaQ.I’e system of the

setwrecn t{v fime p omjcf subwct OnS &y also cause a Processor 10

invention include, but argeun el[migggmettepﬂmm&?g{c@gggc inkfe.an.adaptive.clinical trial or healthcare
management system, cigig angd.sysiems.cambinations.{aLRostRiescHRQR Monitoring, a healthcare
operating system (for examples.a.seivshiernEled paivtaf-caresyhplehlapd monitoring systems),
and identification of coprglationsi0.efficacy.0LKkeY.compaunds. during clinical studies. (0022,111n an
embodiment, a systemgam Pruide,a gkapbicalRomrayal.afgration. of apailable.data sets to a user.
[00222] Its another empgqdimeant, asystamehibednuention.can genaraiedatadthat may serve as
IShistorical data in futuse stedias n.Aisysiem candaes custontizedaccardingadheifaeeds of a. user, for
example, extracting«relexant-informatioRdeomoanphasmacsuticakcompanyts-exisiing databases, a
central mathematical sefavaresprggram which allows a pharmaceutical company to visually see,
trammel, and analyze alof theingata-ivaplacesatd-islirkede eolinicabtrigd system. [002231 When
utilized with clinical triadsief g emndiaceuticats; assystencof temrreetitiomicarprévide an understanding
of compound efficacy, disetiserprégressirrathtpatentresporsetivarsery not be possible using the
conventional blood festititfififrastitiette1902241A database and a healthcare system can be
customized to monitor tHERHY Broteth Hesays BUEE Hie AT tHerrEtRIOHSHIfF t8'didease progression
across different indicatfSiEFTE HeCHHTAG o tHe BHETraEVE P vaHABIRE 8F Blomarkers in the
pathophysiology of the“(‘i‘l%&’sé T SORESIRITALROR 2558 desigliseets-ditcMatically incorporate all

f f 1}
relevant data for use in ¥n Py AL ProYTEEEiSn acros relevant indications and are the
gl )mpuicl madshie 11 al mm; m c—ralema waﬂ:mnt ey ronmcnt
foundation of historical 'da “i'T“\ baseiines can be U

Signin gnfuture studies and in
L inan mb(?d neut a sgftware ‘uncc virosirpent pmv;l es comn yu*‘c d
future studies to extracf"ﬁ)gt er infor romni) testr ts and provide early reads on efficacy

Eties require n:: so WIS packngc xampies 0 a 5oil ware Tuntune nv:mm'ﬂcn{
across different |nd|c:at|19|;|§e

bixt are not limited to, computer operating systems, virtual machines or distributed operating
systems. As will be appreciated by those of ordisary sldii in the ar, severe] other examplos of

25 roptime environment exist.
[00287] The computer readable modivm may be & storage unit of the present invention as described
herein. It is appreciated by those skilled in the art that computer readable medium can also be any
available mexdin that can be aecessed by a server, n processor, or a contputer.
100268] Computer rendable medisa includes volatile and non-velatile, removable and nonremovable

30 media implemented in any snethod or technology for sterage of infonaation such as computer-
readable tnstructions, data struchwes, program medules, or other data. Compuder storage medin
includes, but is pot limiled to, RAM, ROM, EPROM, FEPROM, flask memory or other solid state
memory technology, CD-ROM, DVD, or other optical storage, magnctic cassettes, magnetic tape,
magnetic disk storage or other tragnotic storage devices, or any other medium which can be used to

35 store the desired information and which can be accessed by Lthe computer, A skilled ertisan can
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10(12251Fig. 13 demonstrates an examplaty database comprising an ontology of biontarkeia that are
30related some types of medical conditions. For example, sepsis as a disease is categorized as a
pathophysiology and is linked in this ontology to Acute Liver Failure (ALF), Disseminated Intravascular
Coagulation (DIC) and the like. Each of these pathologies CM be considered a scquellae of sepsis in
the context of this ontology. In this example, a drug used to treat sepsis is CytoFaly In some instances,
the sequellae all be characterized by the spectra of biomarkers as 35described in Fig. 13. For
example, ALF is characterized by specific patterns of ALT, AST, GGT, and Alkaline phosphatase. -33-
[00226] In an aspect of the invention, the methods, devices and systems disclosed herein can
comprise a healthcare operating system. A healthcare operating system can comprise a central control
system for delivery of care to consumer and for an economic model for payola and paycm. 1002271 In
an embodiment, a healthcare operating system can provide an early system possibly to 5detect the
onset of disease. A sysigm.&aRJhitRsLcamRUSa-AloarRNg.enginathatligsda.tha preferences of a
user or an assurance pravider based on drug availability, targeted response rate, or payment
structure. (002281A comjsies-sysieual sanetof thedavertion canrnclude seymamic learning
engine, for example, asdhe-sysiam of serendeteivesrdatasthe-operatiensiohthie system or server can
be 10updated. A system:0i semnvek aamalseseall in to siloed databases, extracts, and locally store
(permanently or temporazitpitntormationcnvaicent ral-datairepositoryf80228]. In another embodiment, a
healthcare system cartteomprise: ascormmémncationsyportal-firer erseptotommunicate an array of
information to the systemtisisehf as fredghtic nicotinetonstmptio : foddtonsdmption, exercise, and
physeltiatrie variables. ®5[B0230Fig A ilestratas aireampie Kt arenyrdraifehlthcare operating
system of the inverifiori™®Trgetielitre-operating system has access to a data infrastmeture mid
monitoring devices for Wﬁl‘hi’ha“é’ﬁ'ﬂfé@t*ﬁﬂl‘é’eA’é"‘f}l‘é‘fﬁﬁffﬁff’ﬁf&‘ﬁ“ff‘{‘fﬁ’é“tgi’(‘éi'ﬁﬁﬁﬁ“ﬁn Fig. 14, the data
Infrastructure can comSHEE 4 EESrE R tB BT LS RFTRA O THKS T 4rE ‘s‘tllso no"f“ﬁ’aeira mid applications. Fur
example, a communlcdﬂ@ﬁ’g”l ﬁlf?lé%{ﬁmc‘:"étr%“mﬁ“ Rk %’:%“r]\”énff mccmﬁlﬁnlcf AR™Br HMO. A clinician can
use the information for ﬁ’ﬁa T’ﬁ”‘?ﬁ%‘l"f”gﬁ‘ Cé’ffec?f\’?ahﬁnei’s:s: T% i (g'ap|5| 1:“ ll%lggwor asa

evx m a a. e witich £5 ¢ alrz 1 {he devic ale
data/knowledge base ba nd. A B i FIREC oG, 0, EXAUIE LSEANE NG farmatip of a clinical trial,

SUCh as M Ug efflcacy an m'(E can 1&9§} gar e aulomaltjg'\plﬁlﬁa mxﬁﬂ%lbféﬁm‘?f Ilnt.:fQ Tmtlgﬂ lpit&t?% data InfraStrUCture
as illustrated in Fig. 14&%51949:9'& generaiion of a.ralecian.Hzzy.i00ic.ouidance, collaborative
Miming prediction, disegse./naRs.and.dataJgrais flelinicalirials.ounewdiug discovery. Examples
of applications of a gatg,22infrastrHciurg.ne yde.repaiispuhlic QLRHvale)y dlests (for example alerts of
a user, clinician, clinicajfiak Qr.aRrhaERacM-Ndinamit-Ad i sirbl e Mials100231] Also
demonstrated in Fig. 14s the.hietatchy-of ipfarmationieceivetbydhaexemplaiy.operating system
from monitoring devices..Lhg Heyicas.andopeiating.system can monitor and release drugs if
necessary. In a preferaplagmbaodiment thgidpvices-monitomanalytes-ira:badily
25 acquisition of subject dala can be secomplished using a point-of-care device, The point-of-care
device can acquire, store, and/or manage information based upon a specific disease or compound.
The point-of-care device may also be i commmunication with Lhe user or a compuier or system
belonging to the user. A point-of-carc environmenl in this example can be the home or the clinic.
Also HHlustrated in Fig. 11 s transmitting information in real-time from the point-of-care device fo a
30 server or system that is capabie of converling the information or data to a physiologically refevant
context. This can be accomplished by transferring the inlortnation to & database or a pluratity of
dalabases, The databasces can be on a server or a pharality of servers, In an cinbodiment, a contralized
database repository is used to analyze the dain and retumn the data to an end uscr in a physiologically
relevant context. The dala can be returned and, inthe example of Tig. 11, information, such as

35 clinically relevant and actionable information, can be relurned to a user through browser-based
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30fluid. For example, when monitoring blood, the devices may he capable of executing prescription
blood tests for a clinical or pi eventative setting or evaluate drug systems as demonstrated. [00232]b
an aspect, a system is disclosed that solicits input from the user or his agent (for example, a physician)
to facilitate a conversation between the subject and his agent about the status of the person's health at
a time. Examples of is put that cats be solicited by is system include, but are not 35limited to,
establishing Alen levels, medical notation, and personal notation. The system can acquire clinically
relevant information about a person and place the information in a physiologically- -34- reasonable
context. Examples of clinically relevant information include, but are not limited to, age, gender, race,
medical history, and genomic information. 1002331In an embodiment, time dependent data can be
representative of overall clinical health or response, including a diagnosed disease condition that
requires monitoring, rt response profile for a Sparticular drug or combination of drugs, or subject

Observed’ ObservationssofP\IaQL%ppcggr!;q’h}xﬁo@n@aﬁaﬂﬂﬁo&&!ﬁﬂ%&%glechlt‘?]%ﬁ E%@qulm&im%@n can be prOVided to
a user. Examples of usgrs,include but are not limited.tQ..aJpatient, a physician, a clinical monitor for a

& ond usct 15 amed rph

clinical trial, and other pedical.RErSRNNGL b2 ark Iy AR, GaRAlSQ.Re integrated into a central
repository for inclusionna..forexample.ademedicaliecordior a.clinical tialseport. [002361Fig. 15
deinonstratas an exemplarny sysiem.of ihedpventiopviheisinananalysisdatabase can receive
information from a database.cantainingdatadionadpadesarreattidgedatabase, historical databases,
a patient database that.gan-geRtain-daia.crierea hy.apatieniy anda-ougtamendatabase. Other
features of a system ofithadpventiomacs.demmanstrated in Fig. 15. The system is capable of
15performing analysis pnelaiareceivied Hythewsystemiieanalysis san de-amypinethod as described
herein and can includesdevelopingontihizingradigedsainmgd ubingisietistids-fer a statistically analysis
of information within thefsysters: e parts grgraphsoand/forircdmbinatsrréef the different methods a...9
described. 1002371 Fig-t&aistriltistiated austmirterfatethatrifmaybe wtiretrifya system of the
invention. 'The 20user imteifact-anmifteractibititampidithéeonpomems demsistrated in Fig. 15. In a
preferable embodimener#ie-ussr EHaeE AW S aSEPRXE TEHATE With e €%tem to determine test
data or analysis outéoriEgS it eI AT Gream ey ARt IHIS KO A TH& BSer interface may be a
touch screen, monitor, REFHEAFIPHISHSE S 4R DhTer Tl tHATAMWE A 1HES 10 nteract with a system
of the invention as wouTdB& BBEUIBUL E 8ite eRITEer i ihe 5t o8 X 0GR 38 AL shown in Fig. 15, a

Igorithins described herein epable correlation ff blaad data to efficacy dyngmics profiles, beha
~of-C & Fhid

.- 68,
system can be utilized { manage a reader or poin are devi can inciude management of a
t , e, Thd sideeliects.

. . ifest .
cartridge to be mseged]ml‘g adhe rec ‘%!%fsj r measyrement of Igrgpggiizlgp &.q%?ég@!-l?&%!?’ the system can provide

tenl car on CAASS0S, W

the reader a protocol for lming an Immunoassay; of the cartridge. A system of the invention can also

Te-GisPOsEiInng as welk as oG SOCIO-CRVITOTIINONls 1Ce3

provide information to the reader for callbraton.of Jhg ImmLDRRSSAXSMULAR e cartridge that are run
or executed by the rea%ﬁwﬁ?%gﬁ(a;m%ﬂﬁg grﬁﬂ@ﬂ&&‘%@uh systermn with & given therapy.

[60218} The lealth care operating system can interact at ihe point-of-care with cousumer gystems,

25  such as au assay carfridge, an assay reading device, or a mobile device such as a cell phone. The
field units can be inteprated with point-of-care home and mobile monitoring systems. Field units can
be remate, portable patient carc systems and can provide on-site, real-time, automatic processing of
cartridges for biood analysie, In some instanoces, fieid units comprise a user interface, allowing
palient Lo initiate nssays and graphically enler a variefy of relevant information, such sa: patient

30 disrdes, environmental, bebaviorat, and psychelogical information, and two-way commustication
system {fom the instruments to medicsl persounel or mobile phones and back to patlents with
refovant content, messages, and health inforemation. I some instnces, blood and environmental daln
is automatically (for example, wirelesaly} tromsmitted into models in real time.

[48219] As doscribed herein, a healil: care operating system can conmprise infornstion integration

15 and exploifation infrastructure that permits, for example without lissitation: data acquisilion and

storage of point-of-care restuhts in real time, integration of blood pasameters rnd pationt diaty data

.



30also include information for assigning the reader for the appropriate muting system for reading an
immunoassay from a point-of-care cartridge. Raider management can also .include corrective and
preventive actions (CAPA), which is an instillment of integrated and comprehensive compliance
management. An element of the CAPA approach is an effective and Sy:000010C processing of quality
deficiencies, errors and malfunctions w lilt die goal to provide appropriate corrective actions arid
35consistently 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. -35-
[00239J Systems and methods described herein can be used for pharmaceutical clinical trials. In sonic
instances, the systems and methods accelerate trial timelines by an average of 18 months. In some
instances, a system or method herein nutty provide dose-response and efficacy dynamics profiles in
less titan 1l months, less than 15 months, less than 12 months, less than 10 months, less 5 than 9
months or even less than & Meuths. Realdimephammackineties.aptpharmacodynamMs may provide
better efficacy and morg safety.ipfarmatian,Jhe methads hereindmay.also.desrease the risk of toxicity
slowing approval or restrigling.dse hyishiling doseackass:sub-papulations reorgomitant medications,
and multiple indications. lB.ethekLinsiancassa-systemessmethet: hergmigardmprove predictive visibility
into pathway dynamicse-Ad4xedebas descibeganiprodueepredictire ihsigiatsard 10power strategic
decisions. A system cane suppeitcammumicationsswith regulatory authorities internationally and can
facilitate 'learn and confin Btraitegcfor adaptivesciticdltriafg i< 002401 A= sy 8rérhherein can include a
data management systernseFiaiti atm rivarragenieht sydtenreariespreiaed #ifdtigh a plurality of
devices or systems, or doypirisinftectertralsarer s e an Pl s dat niaayEMEnt of a system of the
invention is shown if Figprds! esviEess Hrenvagermistesysem e 41 18 reERE it or output thorn, for
example, a point-of-caréeadest caraatatiasd sttt as an analysis database or a historical database),
and a terminal (such ad @ Kup TRRETEL AT AR AR E VLG BN LY TER Ea 4185 conduct storage
management, for exantPfe:stdtihe of a Qatﬁnt's tiin(,:livi;(_:lual gatal or storage of information related to a

13 ﬁ']s emnt of the invention Can generate caia ma¥y serve as

particular disease or drift BroETFEF EXhBIE it Writig a SyStent andlor methad of the present

orical in future studies. A system cant be cui ceoTding

invention to conduct’a clinical tHal 6i on expetimental drug, the data 20, management and storage

xample, extracting rejevant 1pios atloF] ma P COmpany’s exi

&
management oystems CEIL EEENE A oM e A afsale o Ao and then store the
3

information in databas<3 Tof aalysisof 116 date 0. e RRlIgRL dalg.and the analysis data may then

be stored for future use, gf.a.system, For.examnle, {.ane.side effect/snated inapatient IIl Phase | of a
clinical trial, that sidg eflectinformalionmay.ne Msedfasthe.analysis.f fesuis. of a patient in Phase I1I
of the clinical trial. As apther.x2mRie.a diahaticmindividual may receive a glucose measurement at
an earlier time, which ithay.thenhe.dsedd . syaluate. the.candition,obtheddivdual at a later time lid
lowing another measuremgil.ELAMBLE: L0241 1. Rrostate.cancanand.anffiangingenoris treatment
301002421A Phase | oiPhase.Ha-glinicakdtiakiorir eatingia-subjeat-diagnosedswith prostate cancer
with an anti-angiogenic drug-allawsdiandnse.gdiustraenis-duringdthemaiak-tessbject is monitored
over a course of time duringethe slinicakstudy. chiesmnethed-chaticnoithelantangiogenic drug is to
haft the growth of blood:wesssls its-andareundtiretimortherelydepriimgethestumor of adequate
blood supply. This may nguctrisgtremiatandinutritiondbntietosissin the tumor, thereby debulking the

[00225] Fig. 13 domonstrates an cxemplary dotabase comprising an ontology of biomarkers that are

10 related some types of medical conditions. For example, sepsis o5 a disease is categorized ns a
pathephysiology end is linked in this ontology to Acute Liver Failure (ALF), Disseminated
Intravascular Coagulation (DIC) and the like, Bach of these pathologics can be considered a
sequellac of sepsis in the context of this ontology. In this example, a drug used 1o trcat sepsis is
Cytofub. Iusome instances, the sequellae can be characterized by (he spectra of biommrkers as

35 deseribed in Fig. 13, For example, ALF is charocterized by specific patterns of ALT, AST, GGT,
and Alkaline phosphatase.
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35tumor. -36- 1002431 AM( the method of action is determined, discrete clinical outcomes are 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 (NR), and adverse
drug reaction (APR). The APR related to the anticingiogenic drug is hypertensive encephatopathy in
this 5example. 100244)S ix biomarkers representative of the clinical outcome of the subject with
prostate cancer are chosen to define the discrete clinical outcomes. The biomorkers are PSA,
TPS,111(2, VCAM-1, Endothelin-1, and 6-keto-PG17-1-a. Using these biontarkers and the
corresponding historical data on the progression of prostate cancer treatments with anti-angiogenic
drugs as well as data from other 10subjects in the clinical trial, a cluster analysis is performed. Each
discrete clinical outcome is assigned to a =triad of one of the clusters. [00245) Before the subject is
treated with the drug, the subject is assigned a position in the probability space based upon the

subject's data from the releyant biomarkers, The prebapilityof dhesubiggtRelonging any of the
discrete Clinical OUtcomc%ngllisaéSu !ces:§|(!:§eg}§rg§1(m&gd,ﬁ\Héhﬂ&mgaMmmML@mnce1 from WhICh a
probability is calculatedcog;glr;)gtg} @rq;ﬁec%jgﬁmggtbimmgd Thelasult.olihis.calculation returns the four
probabilities correspongling,io.thefams Glinicaloucames. of theexamplaalhaspesition of the subject is
determined by plotting thefour.prababiliigs.da.the.probabilin-spage.00246) The probability space col
responding to four clinigak@uicemaes:is gliaphically risplaypd.asisy seelareqinstwe dimensions. The user
of the model, in this examplessnedical personnel, establishes 20 rules for the medical condition of the
subject based the subjqetdata:sposition andiontkaj@ctenpinereprobabiliyigpgace. Each discrete
clinical outcome has a knerkepresentiing-the-rxelestablished ity sthe: medical'personnel, as shown by
the dashed lines in Fig..46:4\4 hem: thesubjeetdingses Hrgotteddinttowards the CR or PR conditions,
the subject is substantiayfree ofARRiandRES impralddrrisitier prognosis. 251002471 hi Pig. 16, the
trajectories of two differéitSubpeetsatioplottaticSulie st PHEE A trajEttdy tiafstarts in the middle of
the probability space aneftharriesaers Tonaree e Wis REh DT i eRgmte, the medical
personnel may not ice thed HajEBRF¢' SRt oP BeEeEfation and intervene in the treatment. When
Subject | 's trajectory crBGEREEHE WEttEa THE W e KB R CCATBS. S 8lafm is activated. The
medical personnel reacf*‘é%&"é’lra’fﬁaﬁﬁls.yﬁﬁfﬁﬁﬁ%ﬁa gj'ﬁljésg‘f: ‘ﬁ""dsmﬁngf(rﬂéj‘“éﬁg?ﬂ FIRat hiéads towards the NR
. As demienstrated in th examp{e in Fig. 14, the data tructute can comprise a

e biect d. i .
condition. The dose of the“anfi-"angiogenic rg treounent is a p.lstegl corresponding to the rules
3
e

search tool, copundhicatTon Boks, n!fﬁ |78 O djata, andd applicali For exanple, 8 colmmdnicaiions

established by the medi|cal personnel. Atter a Uﬁ?ﬂb@,@&%ﬁﬁ‘m@ e, Ihe trajectory heading changes

i hcomumcalc {0 oy .‘iumcr, cﬁmﬂﬁlJ,O

towards the PR GOHf%iFiq‘ﬁ;- he example tlustrates a method and.embediment.ef the invention for
monitoring a clinical llial, EXAMPLE 2 =37: 100249/ Sepsis,and Ani-NE,teatment

the drug use. Analysis of information in the datn infiastrecture as illustrated in Fig. 14 can include
generation uf a trajectory, forzy Jogic guidance, collaborative filtering prodiction, disease maps, and
data reports for clinical (rials or now drug discovery. Examples of applications of a data

25  infrastructure inckude reports {public or private), alerts (for example alerts of a nser, clinician,
clinical trial, or a pharmacy), and dyoamic, adjustable trials.
{00231} Also demonstrated in Fig. 14 is the hicrarchy of information received by the exemplary
opereting system frem monitering devices. The devices and opurating system can munitor and
release drugs if necessary. In a proferabic embodiment, the devices moniter analyles in a bodily

30 fluid. For example, when monitoring blood, the devices may be eapable of executing prescription
bloed tesls for a clinical or preventative selling or eveluate drug systemis as demonstrated.
{00232} I am aspect, & sysiem iz discloged that solicits input from the user or his agent (for example,
a physician) to facititate a conversation between the subject and his agent about the status of the
persot’s health at a time. Examples of iuput thal can be soliciled by a systean inchude, but are not

35 lunited to, establishing alert levels, medical notalion, and personal notation. The system can acquire

clinically relevant information about a person and place the information in a physiclogically-

e



1002501 Subjects with continued or suspected sepsis or systemic intlanunatory response syndrome
(SIRS) are treated with RI) anti-TNF therapeutic during a Phase lll, (dose adjustment allowed) or a
Phase IIl (no dose adjustment allowed) clinical trial. The subject is monitored over a course of time
5during the clinical study. The method of action of the anti-TNF drug is anti-inflammatory. The drug is
aimed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNF drug is
given in conjunction with a broad spectrum antibiotic. [0025I] After the method of action is determined,
discrete clinical outcomes are chosen by a physician. The discrete clinical outcomes chosen in this
example are response (R), non-response 10(NR), and four scquellae (disseminated intravascular
coagulation (DIC), acute respiratory distress symbume (ARDS), acute liver failure (ALP), and acute
renal failure (ART)) (00252/ Twenty 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 biornarkers fall. intepuliile: GRiagres te.manitarthe different digsrete clinical outcomes
as defined by the 15physician. Jipepsatein Binding.Reatein (LB?) Nomarkers measure infectious
growth and the 12 and{BR:;conditions., thedBR biomarkess-are LB EME R, 11.-6, and IL-8.
Biomarkers that are releyantio.ihe BiG.conditioniam vendilebrandsfactor rotein C, thrombin,
procalcitonin, neopterinyand RAP-hvhite biomarkers oftheARDS: goldition arc von Willebrand's factor,
Mft, IL- 8, IL-1, and TNig:z#hebicrarketsiofthen At FProohdit on-afe AP w&THEGT, LDII, Alkaline
20phophatase, bilinibiftaadPretein Guikhetiomarkarsrofthie ARPLeoditibntier'Creatinine and Cystin
C. 1002531 Using the biemsarkets described is this example and the corresponding historical data on
the progression of sep#iFarndhiotraabniertes-SepSig With diti T R 8raPEities Bs well as data horn
other subjects in th& cliriteal il actlestierarfalysis is performed. Each discrete clinical outcome is
25assigned to a centroiHi B SrMECRISEFS Y28 41 BRIBTE THE SUBIECE "1 &ated with the drug,
the subject is assigned S POEHBIAtHE BrovEBiiTg SpEEE BT TPEH HiE < Zie“éaét's data from the
twenty biomarkers. Th&BrBABT BTt stbeet Ef‘teal"c)"ﬁmﬁg“fswﬁthmféﬁ men_crdjlas‘aé’ ete clinical outcome
classe s determined (APA1RE WIFALONE Ghce o ek b B calced using o
Bayesian estimation. ' &J&Eﬂl’% i@r?iﬁua&&ﬁ% tion fetlis s probabiliie.s, corresponding to the six
e

e h ! . . .
clinical outcotnes of the example 1he,pdsition of the, suRiectis. deteumingd alotting the six
probabilities in the probapility space. [002§5] The probability space corresponding to the six discrete
clinical outcomes is graphically dishlayad. as ADEXASER-NMNQ diIPensians.Lhehhysician establishes
rules tracking nowt gspQusive.arsHkiects.ane:passinie adventof sequeliag-dihe rules am plotted on
the hexagonal graph as,|ipgs.as-3dmdhstiateddn fignlinthgmadicalcondition of the subject is
based the subject data's.pasition.aRdionirajecionyinthe-probabiliisspace, jPO256] hi Pig. 17, the
trajectories of two differgat, suhjetisatenplatiad..bubject filhas a-trajeston thatstarts with a high
probability of being a membesof the: RiGicondition: kewever, as the
25 {00238 As shown in Pig. 15, 2 system can be utilizedd to manage a reader or point-of-cara device,
This can include management of a cartridge (o be juserted into ihe reader for measurernent of data.
For example, the system can provide the reader a prolecol for ruming an immunoassay of the
cartridge. A system of the invention can slso provide information 1o the reader for calibration of the
intmunoassays mun ou the cartridge that are run or executed by the reader. Reader management can
30 also include information for assigning the reader for the appropriate reading system for reading an
imemamosssay from s point-of-care cartridge. Reader management can also include corrective and
preventive actions (CAPA), which is an instrument of inlegrated ond comprehensive compliance
management. An element of the CAPA approach is an effective and systematic grecessing of quality
deficiencies, errors and alfunctions with the goal {0 provide appropriate comective actions aud
15 consistenily prevent a reoccurrence of nonconformance situations. The CAPA strategy was

developed by the Food and Drug Administsation (FDA) for the nspection of medical products.
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5subsequent time points are taken, the subject trajectory moves away from the DIC condition and
towards the NR condition. When the physician notices the trajectory's speed and heading, at T "6, he
raises the dose. At T = 9, the subject's position in the probability space has a high probability of being
part of the R condition. The physician assesses the medical condition of the subject at any point in
time along the subject's trajectory. 50100257ISubject 2 has a trajectoty that begins in the middle of the
probability space and heads towards the NR condition at T = I. However, at T - 2, the subject's position
and trajectory are in violation of the rule established by the physician and an alarm is sounded. The
slams alerts the physician that the subject has a high probability of suffering from one of the
dangerous clinical outcomes of sepsis. 15 EXAMPLE 3 /002581 Diabetes and Insulin Sensitization
1002591 Subjects with non-insulin dependent Type 2 diabetes are treated with a commercially
available insulin sensitizer and are monitored for efficacy and safety wherein the primary ADR of
20concern is congestive heart failure (CUP). The subject is monitored over a course of time during the
clinical study. The metf8e'r SeBH B tHE THEUNH"SERENTS & 1HUBHRAES' F 8Et& kb fshing insulin sensitivity
in the subject via antadBRISHBf % RUETEA/ FEEESTOT h the adibose fidse Ay the liver. The insulin
sensitizer and methodﬁﬁjﬁ |§Ei;l“alﬁé¥°f’§’ﬁ‘rfcuﬁ‘§§§:é“ “Tgﬁzfé"i:éi(gfﬁg;%:j@: (‘{ﬁ%:g% ‘Phéml tissues and thus
reduce the circulating fy- s SEQUPEOTA Stifject and a physiciar chodse fhe best set of discrete
clinical outcomes and rules e subject based on person slhgzgg‘lp[gpa sglggéag; e discrete clinical

TOVHIE hegcre icacy and mare falely

outcomes are responsg (R), BON:I€SRANSEMNIR): ANEhATVE RS, NI RARSIONIARR). The ADR is
congestive heart failurg, J0R267: Aller thedhree,clinical Quisomesare.shasep. piotharkers most
representative of the medical.canditon.ef the.suRiest are.determined Dy disciminant analysis. The
biomarkers mpresentafive ofsfficacy. af.the insilin seRsitivity teatment.asgglucose, insulin,
adiponectin, and resistifumdikeARld:0k-cangastiveheaitiall ureiglentifiesidihe representative biomarkers
as Brain natriuretic /semzigia (N 2)sieh iRedt e nnimal e -BNE iR M)t igkandiituctic factor
(AN11),Troponin-C, Casdiaefatiyacid-Biading-prote «Myosir lightsehain-<dadypoglobin,Using these
bionmrkers and the cotrespanding historival-aada onthe type. 2 diabstesnachister analysis is
35performed. Eachsdiseretéwotinical outdomeris assighed-td-a corticoich okomndsaf the elusteas. -39-
(410262JRefore the subjeetors treatetvithr-all msulimsenstizerfthel dubjestisrassigned a position in
the probability space beasedgyorrthesceh jeresraatafrom thacrelorrimit:Bitrverkens. The probability of
the subject belonging &pissof Hetiscrerece e Garceite vidsdesigiteterininge using the
Mahalanobis distance “fom=hmecte aroBapimt i catratisd v sing i Bayesisi®@stimation. The result
5of this calculation’PetdH& e BrEDABIRTES CoIFESpBHaNE 1y the & diffiital outcomes of the
example. The positionrﬁf'ffﬁ@d&ﬁﬁj%‘b‘f‘:igf‘&’é“fé’?r‘ﬁ?ﬁ‘é’ﬁ"bfy piottitg e fifek srebEpiities in the probability

apace the analysis dala foay then be stored for future use of a gystem. For example, if one side effect is
P ' noted in & patient in Phase I of a clinical trisd, that side effect information may be used for the
analysis of results of a patient in Phase 11 of the clinical trial. As another example, a diabetic
25 individual may receive a glucose measurement at an eatlier time, which may then be used (o

evaluate the condition of the individual at a Iater timme following another mensurement.

EXAMPLIE &
|B0243] Prostate cancer and anti-angiogenesis treatment
30 {0242] A Thase T or Phase Fla clinical trinf for treating a subject diagnosed with prosiste cancer with
an anli-angiogenic drug allows for dose adjustments during the tial. The sublect is monitored over a
course of time during the clinical study. The methed of action of the anti-angiogenic drug is to halt
the growth of blood vessels in and around the tumor, thereby depriving the tamor of adequate blood
supply. This may induce jschemin end nutritional necrosis it the lumer, thereby debulking the

3s turnor,
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[00263] The probability space corresponding to three clinical outcomes is graphically displayed as a
triangle in two dimensions. The physician and subject establish rules most important to the
10individual diabetic subject. The rules are to track the NR and ADR conditions. When the probability
of belonging to the ADR condition class increases beyond a boundary defined by the rule, an alarm is
triggered. The dose is increased according to a rule when the subject has a high probability of being a
NR. [002641In Pig. 18, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
15that starts in the middle of the probability space and then heads towards the ADR condition. In this
example, the subject may notice the trajectory's speed or acceleration and ask the physician if a
change in treatment is necessary, When Subject I's trajectory crosses the dotted line towards the ADR
condition, an alarm is triggered. The subject may react by going to the hospital. j00265! Subject 2 has
a trajectory that heads towards the NR condition, The dose of the insulin 20 sensitizer is adjusted
corresponding to the rules established by the physician and the subJIect After the adjustment of the

the mcahod { ﬂct:om dct N dmcmle mcalo mes echmmhy:

dose, the trajectory he&dir nbAﬁ‘ﬁan es fowards the It co

q e exarpp el ustrates a method of the
01 uch as @ ph q::.lan 1ix s.ak moniloer. The Lscrete cal outcomes chosen 10 f

invention for monltorln% a dna etic éd Cﬁg |8 Co ermai insylin s§q5|tl%er and, wills the help of a
physician, monitoring the ngel Graphical

&4 co;u?lcie Fes nse | Teg mm tCaponse I%
a} n lCtodn 12911(1] mi(bem 13 g’ é) L

Icncnswc encep ah)

Representation of the ¢ ol] |n|p utcome of a Subject 0028 111m example dyemonstrates a method for

communication of the rgsiis, rom.he,malhemalisalmedsl io.aKsetThe.methed is to plot a series of
points and vectors in a §RaGe.ARURAEd. Dyia RRIVGOR. Thevertises ef theralygon represent the
centroids of clusters of gisaigte.2Qcknical Quiceme s.-Ehe: pasitionphiba.peintssepresents the
probability that the subjgcl.data: belangste eashcantiitk-dheqsobahilibualihapoint belonging to time
discrete clinical outgomayissinversely:propartional to.dhe.-distanceofithat.paiant from the vertex. Since
the vertices represent alliihesigaificant:alinieak®utcomes, the sum of the probabilities for a given point
must be 1. 1002681A setofiveetarsyis: creatiedinhbreeashvaluecof avestor represent s the probability
of 35membership in cagg-eftire-clusters tdhemodulus{magnituee)sohtreviitueses the plobability and
the -40- argument (angleyoftheevector fromtyite avertdssikichisiesegraitriapidced. The vectors are
summed and the resultivgpdimtiscoentedin tdcbrmpoiteimdbalitifecspied™Table 1 Discrete Clinical
outcome calculation returns the four probabifities corresponding to the four chinical outcomes of the example.
The position of the subject is detormined by piotting the four probabilities in the probability space.
[06246]) The probability space cotresponding to four clinical outcomes is graphically displayed as a
square in two dimensions. The user of the model, in this example, medical personmel, establishes
26 rules for the medical condition of the subject based the subject data’s position and/or tajectory in
the probability space. Each discrete clinical outeome has a line represeating the rule established by
the medical persontel, as shown by the dashed lines in Tig. 16 . When the subject crosses the dotied
tine towards the CR or PR conditious, the subject is substantinlly free of ADR arsd bas inproved
histher prognosis.
25 (0247 InFig. 16, the trajectories of two diftercnt subjects are plotied. Subject I has n trajectory
that gtarts in the middie of the probability space and then heads towards the ADR condition. In this
exaruple, the medical personnel may notice {he ixajectory’s speed or ececleration and intervene in
the treatment. When Subject 1's trajectory crosses the dotted line towards the AR condition, an
alatm i sctivated, The medical persenns! react accordingly.
30 {08248 Subject 2 has a trajeciory that heads towards the NR conditGon, The dose of the anti-
angiogenic drug treatment is adjnsied corresponding 1o the nles establishied by the medical
personnel, Afler the adjustment of the dose, the @ajectory heading changes towards the PR
condition. The exarple illustrates a method and embodiment of the invention for monitoring a

clivical tiial.

EXAMPLE 2

-37-



Time Point R NR ADR1 ADR2 ADR3 20 20 20 20 20 25 10 25 20 20 3 30 10 20

16

15

20

%3

30

35

100249} Scpsis and Antl-YNE treatment

106250 Subjects with confirmed or suspected sepsis or systemic inflamsatory response syndrome
{SIRS) are treated with an onti-TNP therspeutic during & Phage IIb (dose adjustment atlowed) or a
Phase I {no dose adjustment aliowed) clinical trial. The subject is monitored over a gourse of time
during the clinical study. The method of action of the anti-T'NF drug is anti-inflamaoatory. The drug
is aimed at preventing or circumscribing downstream sequellae of sepsia. Typically, the anti-TNF
drug is given in conjunction with a broad specinen anlibiotic.

{00251] After the method of action is determined, discrete chinical outcomes arc chosen by a
physician. The discrete clinical cutcomes chesen in this example ave response (R), non-tesponge
(NR), and four sequellae (disseminated intravasealar coaguiation {DIC), acute respiratory distress
syndrome (ARDS), acule liver failure {ALF), and acute renal failure {ARF)}

00252} Twenty 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 biomarkers
fall info nuultiple categories 10 monitor the different discrete clinical outcomes ag defined by the
physician. Lipoprotein Binding Protein (LBP) biomarkers measure infectious growth and the R and
NR conditions. The LBP biomarkers are LBP, TNF, CRP, IL-6, and IL-8. Biomarkers that are
relevant to the DIC condition are von Wiliebrand’s factor, Protein C, thrombizn, procalcitonin,
neoplerin, and PAF-1. The biomarkers of the ARDS condition arc ven Willchrand's factor, L6, IL-
8,101, and TNE, The biomarkers of the ALF condition are ALT, AST, GG, LDII, Alkaline
phophatase, bilivubin, and Protein C. The biomerkers of the ARF condition are Creatinine and
Cystin C.

[06253F Using the biomarkers described in this cxample and tie comresponding historical data on the
progression of sepsis and the treabment of sepsis with anti-TNF theraprutics as well as data from
other subjects in the clinical trial, a cluster analysis is performed. Bach discrete elinical outcome is
assigned to a centroid of one of the clusters.

[110254] Before the subject is treated with the drig, the subject is assigned a position in the
probability space based upon e subject’s data from the twenty biomarkers. The probability of ihe
subject belonging (o any of the diserete clinical oulcome classes is determined using the
Mahalanobis distance, fromy which a prebability is calenlated using a Bayesion estimation. The result
of this calculation returns six probabilities corresponding Lo the six clinical outcomes of the
example. The posttion of the subject is determined by plotting the six probabilities in (he probebility
apace.

{00255] The probability space corresponding to the six discrete clisical outcomes is graphicatly
displayed as a hexagoen in two dimensions. The phiysiclan establishes rules tracking non-responsive

subjects and possible advent of sequellae. The rules are plotied on the hexagenal graph as jines as
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iliusirated in Fig. 17, The medical condition of the subject is based the subject data’s position and/or
trajectory in the probability space,

[00256] In Fig. 17, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
{hat starts with a high probability of being a member of the DEC condition. However, as the
subsequent time points are taken, the subject trajectory moves away from the DIC condition and
towards the NR condition. When the pleysician notices the trajectory’s speed and heading, at'T' = 6,
e raises the dose. AL T =9, the subject’s positiun ik the probability space has a high probability of
being port of the R condition, The physician assesses the medical condition of the subject at any
point in time along the subject’s trajectory.

{00257] Subject 2 has a trajectory that begins in the middle of the probability space and heads
towards the NR condition at T = 1. However, at T = 2, the subject’s position and irajectory are in
violation of the rule established by the physician and an alarm is sounded. The alarm alerts the
physician that the subject hag a high probability of suffering from one of the dangerous clinicat

outeomes of sepais.

EXAMPLE 3
{00258 Diabetes nxd Insulin Senskization
109259] Subjects with non-insulin dependent Type 2 dizbetes are treated with s commercially
available insulin sensitizer and are monitered Tor efficacy and salety wherein the primoary ADR of
concetn is congestive heart (ailure {CHE). The subject is monitored over & course of time during the
clinical study. The method of action of the insulin sensitizer involves re-establishing insulin
sensitivity in the subjest vin antagonism of a nuclear receplor in the adipose tissuc and the liver. The
insulin sensitizer and method of sclion. act Lo increase glucose uplake in the paipheral tissues and
thus reduce the citculating glycemia.
100260} A subject and a physician choose the best set of discrete clinjeal outcomes and rules for the
subject based on personal infonmation. 'Lhe discrete clinical cwtcomes arc response (R), non-
response (N, and adverse drug reaction {ADR). The ADR is congestive hearl [aillure.
F261] After the three clinical outeemes are chosen, biomarkers most representative of the medical
condition of the subject nre detenmined by diseriminant avalysis. The biomarkers representative of
efficacy of the insulin sensitivity treatmnent are glocose, insulin, adiponectin, and resistin. The ADR
of congestive heart failure idesuifies the representative biomarkers us Brais nairiuretic peptide
{BNP}, gimino-lerminal-pro-BNP (N-BNP), strial nutriuretic factor (ANF), IL-1, Troponin-C,
Cardiac fotty acid binding protein, Myosin light chain-1, Myogtobin, MMP-. Using these
biomarkers and the corresponding historical data on the type 2 diabetes, a cluster analysis is

performed. Bach discrele clinical ontcome is assigned to a centroid of one of The clusters,
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1055081000000 5002695 For example, in Table 1, each row represents the position of one
point. The columns, labeled at the top, represent the probability that the point is a member of that
duster. So, in'the first row, the probability that the point is in cluster "R" is 20%, that it is in the cluster
"NR" is also 20%, and so on. [002701 For the data tn the table a graphical representation is created as
illustrated in Fig. 19. We sae 10that Om surrounding polygon has five vertices, each labeled as one of
the columns in the tabular data above. The first point of the set, at the tail of the elmin of arrows, is at
the center of the thawing, indicating that the percentage probability that the point is in any of the
clusters is the saint as the others. Intuit example, as the trajectory grows through time, the probability
of the subject data reaches a final point that has 100 per cent chance of being in cluster "R" and zero
per cent chance of being elsewhere. Correspondingly, the final point is at the "R" vertex. [00271]
Additional information can be included in the output of the probability space, including the points

representing the data of Epzengrse%resggmglflsr%gail oLptcomes that defined themgla%}gg and centroids. 5Fig. 20

lustrates a graphical iEBrESEitaion of fhe cluster,s fiil‘lpqmﬂEz‘ééﬁﬁ?fﬁ’mamgm Drug development
IS an eXtrem6|y rISky p{heggj t!')qougmgtmy ofﬁned JQ‘&§ g%&@\%{ mqggélwﬁgﬂr@;%g the

Mahalanohis distance, from which a probability is celenlated using a Bayesian estimation, The result
5 ofthis calculation returns three probabilities corresponding to the three clinieal outcomes of the

exanple. The position of the subject is determined by plotting the three probahilities in the
probability space.
[00263] The probability space cotresponding to three clinical outcormes is graphicaily displaycd asa
triangle in two dimensions. The physician and subject establish rules most important te tie

10 individual diabetic subject. The rules are fo track the NR and ADR conditions. When the probability
of belonging 1o the ADR condition class increases beyond a boundary defined by the mle, an alann
is triggered. The dose is increased according to a rule when the subject has a high probability of
being a NR.
{00264} In Fig, 18, the {rajectories of two differont subjects are plotted. Subject 1 has a trajectory

15 that stacts i the middle of the probabilily space and then heads towards the ADR condition. In this
example, the subject may notice the trajectory’s speed or accelertion and ask the physician ifa
change in treatment is necessary, When Subject 1's tijectory crosses the dotted line fowards the
ADR condition, an aiarm is triggered. The subject may react by going to the hospital.
[00268] Subject 2 has & tenjectory that heads towards the NR condiiion. The dose of the ingulin

20 sensitizer is adjusted corresponding o the rules established by the physician and the subject. After
the adjustment of the dose, the trajectory heading changes towards the R condition. The example
iHustrates 2 method of the invention for monitoring a diabetic subject taking a commercial insulin

sensitizer and, with the hielp of & physician, menitoring the subject’s own condition at home.

25 EXAMIULE 4
166266 Grapbical Representation of the Clinienl Quicome of a Subjeet
[00267] The example demonstrates a method for communication of the results from the
mnathiematical model to & user. The method is to plot a series of points and vectors in a space
bounded by a polygon, The vertices of the polygon represent the centroids of clusters of discrete

30 clinical outcomes. The position of the points represents the probability that the subject data belongs
to each centroid. The probability of the point belonging to the discrete elinical oufeorne is inversely
proportional to e distance of that point from the vertex. Since the vertices represent all the
significant clinical outcomes, the sum of the probabilities for a given point must be 1.
|268} A set of voctors is ercated where each value of a vector represents the probability of

35 membership in eschi of the clusters. The modsulus (magnitude) of the values is the probability and the
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for clinical programs have been identified as high 90% with an amortized cost of nearly one billion
10dollars per 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
dismse; the testing of that hypothesis in an inappropriate, and non-predictive, animal model; a faulty
hypothesis regarding a compound's MOA; inappropriate dosing schedules for individuals within target
subpopulations, including inappropriate phannacokinetics/pharmacodynamies (PK/PD)
15characteristics; and developing untoward physiological effects (for example, Adverse Drug
Reactions - ADRSs) in some segments of the patient population and thus decreasing the therapeutic
index for the compound in that population. [00273] This example demonstrates using a Type |
biomarker for a compound within a particular therapeutic area to: (a) validate the underlying.
hypothesis regarding the method of action for the test 20 compound; (b) identify, and then enrich, the
appropriate responder gihpeplalian dna.confiknalomn iad .angdsgcidevelop.a druly adaptive dosing
protocol besot] on the ipdividuak Rks and: RBs.efthasesperaer population. [00274]A real-time
monitoring system is used identify the emergencerafithese characteristic subpopulations ead or rather
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(00269} For exarople, in Table 1, cach row represents the position of onc point, The coluams,

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

row, the probehility that the point is in cluster “R” ia 20%, that it is in the cluster “NR” is alse 20%,

i 90 on.

[66278] For the data in the table a graphica] representation is created as ilustrated in Fig, 19. Wesee

that the surrounding polygon has five vertices, cach labeled as one of the colunns in the tabular dala

above. The first point of the sei, st the lail of the chain of arrows, is at the center of the drawing,

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

others. In this example, as the trajectory grows through tine, the probability of the subject data



1002781 Alter determining that the clusters are reasonably specific, the dynamic trajectories of the
centroids of each cluster are characterized, their separation speed, and the distribution of speed and
directions of each patient in each cluster. If, for example, one cluster of patients is fairly homogeneous
in that they were all exposed to the compound at a given dose, and if the distribution 150f distances,
speeds, and directions, suggest that some may be slow responders, then the end uses may decide
that those patients should receive a higher dose. 1002791Based on the assumptions developed
herein, in silica populations of virtual patients are created for each hypothetical patient subclass. A
time dependent Monte Carlo simulation is run to identify thc emergent Masters. After the simulation is
run, a new set of mean vectors and covariance 20structures is established and the simulation studies
are repented. The sensitivity and specificity of the clustering assignment rule for each dynamic is
measured and graphically plot as a receiver operator curve, wherein the diagnostic variable will be the
time at which the clustesswieare stggestet,-10028a Resultseftheiemergentdyrfamics by Monte
Carlo simulation of thetwdeseribedcmethods. deseribed 4nrdtisvexample and results in the following
emergent dynamics astshawiiim:RigmRdin fid: 2524 demon stfatesdidyrarnicdse®population emergence
based on cluster analysissobaerite-Cdtte'simuslatiorrofdtiduecotrottetinicaieEsign. At Time = 4
there is significant evidengeiforihererrgentof tverttisterswhile by 'rime ie 8 the bifurcation is
complete and the sensitivity and specificity of the method are both 100%. Fig. 22 demonstrates plots
of the cluster calling statistics versus the hypothEtt& idmber of clusters at Time = 4. Fig. 23 illustrates
markers of clinical effefP3BtWia{tHE saGRGATSH BP AR THAKE? gﬁﬁb‘?”&%%ﬁ fIKEH6N of dose at the end
point of a clinical studyf"’E‘X‘NWf?*’E'E %5*1602 ‘ilf?ﬂé“ e W“ti"é“ha?ﬁ"fj?jﬁ%d T‘bl"é’ﬁfayri’(ers indicative of periodic

ese inchu

Gosng regmes (0421 PUTOTE s 36 IR iy, (8 FLET v veament o
many climatic 35d|seas°es‘mé é’o"ndll MOSt a Eeediahe ant| r]cq .ghemotherapy

the tes HE 93 ? 16 sm am um 0 qng\ I'lOﬂ Ve, a.mma

oo 25 e e e el oy pronc o
patient& dosing regésmec@a;q@c@nx gvenpalent Rravides.the.clinicalpralassional important information
regarding the ultimate gfficacy\ofNisihardasing.siaiegy.Lhe: benefit.af such,adeedback mechanism is
that the feedback is timgly @nd.seRiesents.thgdnechanism of action and 5clinical impact of the
compound. For exampleni) GaResichematharapydhafeedback-is.pravideddy-imaging technologies
that help quantify tumondapsden; whijchdr faany,Gases.is aatitimehadOM}-Fhis example characterizes
the periodicity of the meleculaseficaey sseasuessieddeniiytrends and-ethemameasures of clinical
relevance (for exampleyiingreashag refractioryresponse)tofurthgraidin.climcakdecision making. As
demonstrated herein axeabdimef@edback monitoring system can account for the periodicity of the
dosing regimen and chewetertes: ampolinieal by treid sy ihe thesehetef these characteristic

subpopulations earlier rather than lates, to efficiently manege and contro] the clinical trial and allows
25 the clinical reseerch 1eem make precise decisions regarding trial management, On a patient by
patient basis, it dynamically identifies the compound’s effects in one partioular tial subject, and
then physicaily titrating that patient’s dosing regimen to accommodate a Lraly adaptive “Leamn and
Confinn”™ model of dnazg development.
00275} Longitudinal samphing of proteins is performed witly each patient, whereis the proteins
30 represent both the pathophysiology of the disease and the method of action of the compound. A
standard cluster anuiysis is applied at each smople thne point in the longitudinal saanpling space that
is consistent with the evolutienary dynamias of the pathophysiotogy of (he diserse, and the
purporied method of action and P of the test compound.
{60276} identification of the dynamics of the emnergence of geparate subpopulations within the trial

35 sampie population can be performed with two complementary clustering statistics; Cobic Clusiering

A4



100284]The system can be a statistically valid and robust methodology which dynamically
characterizes the time-dependent profiles of molecular maikors of drug activity in periodically treated
patient subpopulations which then uses that information as a real-time feedback monitor for
ISoptimizing the therapeutic regimen. 1002851 The protein profiles of a treated population act in
accordance with the underlying hypothesis regarding a compound's mechanism of action, they should,
as a conglomerate pattern, reflect the periodicity of the treatment regimen, and taken as a whole, act
as a Type biomarkm for compound activity at the site of action. Additionally, ifis evidence that the
periodic expression of these 20profile 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
dreamy, [092861Appl ying a time series-based statistical methodology to the longitudinal (within an
individual patient) protein profiles systematically accounts for the periodicity of a given dosing regitnen
within an individual patient and using that information to identify and char acterize the 25emergence of
any clinically relevant tFEifée §iY@ FeEHBHEE rHERUR ASHTETTE LT HER BE' Hsed to both monitor a
therapeutic regimen in "ﬁﬁ%\}iﬁt}‘a@l%‘ﬁ”é‘h‘?’é‘i’iﬂ“ﬁﬁ] Q8N and manage the dynamics of an adaptive
clinical trial. 1002871 Bﬂ’f”d@éfﬁ‘b‘ﬁ‘i 5 VT R AR EREA T e T Bismarkel for A tE‘:“(:Slmpounds activity in
the context of a penodﬁf“&“&%‘iﬁ JiGi r‘“h‘ié‘i‘nldmﬂ“"f Va |Jthaf1 ‘hsmm ’“*";j@“ﬁﬁﬁst esis regarding the

nical s aidhng this 1lh a fi 10w
30method of action 1"or‘“the'téud G kﬁ?)ucﬁ“ :{’B}m m:{ltjﬁX:ﬁO gentl Lx ,( eyant c |caI conditions

cahorl) mns, and al or o1 a possll 1e maill

comprising: growing reflgctogg&% ro{lﬁgﬁémga NG,k 19:%“?%?%!‘?&&9 e ;;gglmen and then adjust,
as appropriate, the freqency 3 ages, ot ihe reatmentiiself. and{e).develop an adaptive dosing
protocol based. on the indiyj %@LJ&QLL% resRendat AoRUlation, 400288 Hising real-time monitoring
and feedback to idgptify, the.emeraance.Qf these characteristic 35dynamics aids the clinician to make
more precise decisionsggding-Ratient ireatment ARiardialiahagament . k002891A statistical
Time Series analysis is.4sgetesRaactarize-the perpdisityar seasanalityabaatker proteins in a
patient subjected to petiRgdisstieaimenis.sinilar 10dhoseemplayed-icaneer chemotherapy, weekly
methotrextate injectionsmbhe-sysiam-adjusissten the seasoraliby-elthe datastiainas shown in Fig. 24
and do-trends the respenses-as+ieeessany; amne-oriwoy bagidiffercheing Bsecheme as applied to
Autoregressive Integraieeimevinge-Average-(ARR1MAPMeoeels, to characterize the actual response
profile of the patient to th&titeraphstreatm: Figodhdamairstatespadtient rditashowing the seasonality
of two type 1 biornarkers=iertive-tfiwoor mdre protdirg miiikiefsaredfdentifige as markets, any
temporal relationships betivée rrthaeiristfor @ dripteivitHsut Tititatioss viHie verg'dfdrug in the blood
and/or clinical readéut) tafidi sHertfetarer tharattarizst b Shr 1o RBIMHTEY T Hys analysis in the
same modeling context' EEe HHAR SIS HEEEPHS OHEXST &1 EREFALIEHZAREH P THE time-time
correlations observed iftHe e s Ewee fﬁ%‘"’A‘ﬂ‘ﬂé’?:'ﬁ??@?é‘t?é’ﬁ*‘ﬁ‘ﬁﬁ“&ﬁ%ﬁ”{&@ﬁ‘f‘and its related Partial
Autocorrelation Functloﬁ"ﬂg‘/&ﬁ‘ﬁ)‘f“E%Eﬁ"‘&f”i‘ﬁégé’yfﬂ?ﬁ‘%fﬁgiﬁ?&“ﬁ’ﬁ“’ R epregenied as a vector of
correlations which are RO i B SR Th TA Y BEWE R Theasure “ThE functions can he

21 ds {rad d b alati sed nclusierax vxsofaMonte(aro
used to identify linedr trends i the “aﬂ““fa“‘ﬁ"’ha‘c‘i.cﬁm‘”" e data, and

siulation of & two-cohort elitical design. AP Time 4?:”{- ) stgm@[&lnt evidence for the
emergence of two clusters while by Time * 8 (he bifurcation is complete and the sengitivity and
speeificity of the method are both 100%. Fig, 22 demonsixates plots of the cluster calling statistics
versus the hypothetical number of clusters at Time = 4. Fig. 23 iflustrates markers of clinical effect

30 with the segregation of the marker space as a fimction of duse at the end point of a elinical study,

EXAMPLE &6
[081811dentification of type I biomarkers indicative of perlodic dosing regimes
{00282] Periodic dosing, as a therapeutic strategry, is a mainstay for the tresiment of many chronic
35 diseases or conditions. Foremost among these are anti-cancer chemotherapy regimons and

treatments for autoimmune disesses. Whether therapeutically or in the context of an adaptive
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15nonlinear 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 nee if the compound is working as
expected. 100290] The first step involved in developing this methodology is identifying those proteins
that best 20represent both the pathophysiology of the disease and the purported method of action of
the compound. Once established, these proteins are sampled longitudinally in each patient.
100291IBased upon the expected seasonality of the treatment regimen and the frequency of the
therapeutic dosages, an appropriate sampling frequency is established to ensure that the suspected
periodic expression of the marker proteins will be captured in the sample data sets. 251002921111e
system automatically generates mid inspects difference time series with 0, 1, or two lag differences
comprising ARIMA (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares them to the best,
fit through Root Mean Square Error, thus appropriately de-trending the data to make the series
stationary. Once a statidrelij-seribivtrstees estabtished; the detfetidiing parameters comprising the
slope of a linear trend lt& ¥ EatraRat Ao theteaata Sl ‘éfﬁ""A’C'f’E“%i’Pfﬂ”'P’ﬂ@‘T for the 30stationary
series is generated. 1002931 By BEFSERe é%‘r"é’é@f@ﬁdﬁé‘ﬁ%?ﬁéy are TaaHified and characterized as the
period of the peaks ané““tﬁaé‘ir’“ﬁfu;ﬂ‘é’éﬁiﬁ‘éﬁifﬁﬁ‘i’ﬁil‘f AR RO s’ﬁown in Fig. 25
dentonstrating a time s&HBE 8IS BiomaRerVaRiE Ve %ﬁ?‘iﬁ e offwhad 1r’(f)“ﬂ'erapy delivery.

1002941 When multlplé“’??r?? S ‘E‘%r:éc PVBIVEd ce :ﬂ j;siiio’é: wa or ’:‘:::m: rotein markers and/or
35levels of compounds m'ighfomo" N aalmm epmd‘? N a f

lood, a dist ﬁgs analysis is per orrppggctg ‘identify and
characterize the correl %tr“) aid 1 r_ltum, r emstcm Fiia) ?g'%dc?nqgtmﬂﬁr@gﬁm Qﬁe%ﬁcmg&&gy identifies the -45-
dynamics of the emgrggnce. of DIQIGIA, gﬂ%@@m@my@gﬂ& and.darelate these laek to clinically relevant
events and/or the dosn;;ghg,(ggedule of the regimen. (00295)A Monte Carlo simulation of the methods
described above using fpuh NG SEHSS. Wers.geneatedusing.aslatichaty.time series, a time series
with linearly increasing slapg.-Atimesetias:awith.cxpanentialy.desgasingsafiect to mimic patient-drug
attenuation, and a statignanytime,seres withdingauly decreasi ngpeaksytonnodal patient-dreg
adaptation or up-regulatiof:afsnetabaliczpathways. EXAMPLE 7 10[002961T1me to Fever Spike and
sepsis from time seriesymeastrements: 6 kevelsoficirculatngPyrogensyandrothver biomarkers.
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 sz s Type ] biomurker for compound
activity af the sitc of action. Additionatly, if thero 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
regiten for example in frequency andfor dosage to individualize the therupy,
{00286} Applying a {ime series-hased statistical methodology to the longitudinal {(within an
individual patient) protein profiles systesnatically accounts for the poriodicity of a given dosing
regimer within an individual patient and using that information to identify and charactetize the
25 cmergence of any clinically relevant trends in the response. Fhis knowledge can then be used to
both monitor a therapeutic reghmen in an individunl patient and to design and inanapge the dynamics
of an adaptive clinical {rial.
1602871 By developing a valid lengitudinal Type 1 biomarker for 3 compound's activity in the
context of a periodie dosing regimen wilk: {a) validate the underlying hypothesis regarding the
30 method of action for the fest compowd; (1) identily potentially relevant clinical conditions
comprising: growing refrctoriness to the compound, target response to the regimen, and then adjust,
as approptiaie, the froquency or dossges of Whe treatment itself; and (¢} develop an adaptive dosing
protocol based on the individuat PDs of the responder pepulation.
106288] Using real-lime monitoring and feedback to ientify the emergence of these chamctcﬁsiic
35  dynemics wids the clinician to make more precise decisions regarding patient treatment and/oy trial

manxgesnent,
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[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. The patient's temperature was also monitored frequently. 1L-6 elevation (> 1000-fold 15
between consecutive measurements) was found at time designated zero in Table 2 and a significant
decline >30% between consecutive measurements 14 bourn later. Fever was first noted eight hours
later. The methods herein would have anticipated the subsequent recognition of sepsis by 8 hours.
Table 2 Time, hoursEvent 110First elevation of 11.-6 8.4First fever 14.3Signi ficant ti -1 ne in protein-C
22.3Septic shock 27.2Patient admitted to ICU 20[002981 Tie system identifies the relationship
between the time to a fever spike during aggressive chemotherapy of leukemia resulting in fever and
dratnatically changed levels of eh culating pyrogens (Protein-C, TUE-alpha, IL-10). This is performed
by employing standard statistical modeling methodologies. The system cast be generalized to other
situations where sepS|s Occurs. It can also be enyloyed for ther ituations there significant disease
istical Time Seraes nalygis is uSed. (0. ch ac!cmrel epe“o lcl}'o geasonals
processes and outcomé A EE apy ca i be'ben ? iciall project g t i 0299/Science and engineering
erpmlem-s ma atient quh ted to perio s 11 arto oployed in cancer
often involve using easy-{6-MEAs ure Vanaples, cakﬁ‘ ctor dee ndent variable factors to explain

0 weekly ﬂ)otrcmme mec 1ons system at§us 5 for 185 -mu
or predICt the behaVIOr o?not{ﬁreg %fbaﬂ dbnemlL(?hc r&%&&?ﬂ§@§s;¥vﬂ§ rtt ?1ag%ﬁ¥9cl;1§r@re feW n nlnetleS not

hows
significantly redundant {fig:co fleqe%mrgmg have.a well-defineshuiunstionalselatianship to the
responses, one can US%’J@MHJQE&JA NEA/ FRUFESSION 1048z RarAGISHZAthatrelationship. However, if
any of these three pre-ganditions.shouldoiail, multipleJingaitegrassipnmayarave to be inefficient or
statistically inappropriaig.ithaleass e makamrloy.akatemativeaodelauilding strategy termed
Partial Least Squares Regression. khissmeihadelogy-is-padicularly:usefubwhen there are many factors
that night be highly go-lineasand.Swhen-dhe relatiorstiEbreiweenindependent variable factors and
dependent variable respense-is:ltidefingek-The-aipref this typeiefianatysigtis to construct a good
predictive model. [00300)Anticipati mgether i adaeacFenvrSpikicha et tsstatistical models using
levels of several circulatingpyrogens:fFig! 26'dembristrrediieimstdtionshipbetveen parameters
computed from circulatimgepyrBgérmtevels-rréadtnddisyarii g digrnr i tiétitié-to-spike (also
| abe | ed Le ad 15  nonlinesr curvature dynamics in the data. The fonctions themselves can be visualized for inspection
uging histograms called correlogratns, Once the data is de-trended and the periodicity accounted for,
the individual spikes in the marker profiles are analyzed (o see il the compound is working as
expectet.
[00290] The first step involved in developing this methodology is identifying thiose proteins that best
26 represent both the pathophysiology of the discase and the purported method of sction of the
compound. Once esiablighed, these pioteins are sampled longitudinally in each patient.
[00291) Based upon the expected seasonality of the freatment regimen and the frequency of the
therapeutic dosages, an appropriste sampling frequency is established to ensure that the suspected
periodic expression of the marker proteing will be captured in the sample data sets,
25 [00292) The system autonmtically generates and inspects difference tiowe series with 0, 1, or two lag
differences comprising ARIMA. (0,0,0), ARIMA (0,10}, and ARIMA {0,2,0) models and compares
them to the best fit throsgh Rool Mean Square Error, thus appropriately de-trending the data to
make the serics stationary. Once a stationary series has been esinblished, the de-trending parameters
comprisitg the stope of a linear trend line is estimated Trom the data, and an ACF and PACF for the
30 siationary series is gencrated.
[06293} Any periodic expression pattems are identified and charactexized as the pariod of the peaks
and their subsequent amplitudes. An erampie of this is shown in Fig. 25 demosstrating a time series
of a biomarker valuc versus the time of chemotherapy delivery,
1002941 When multiple time series are involved comprising two of more protein markers and/or
35 levels of compuunds in the blood, a distributed lags analysis is performed to identify and

characlerize the correlations between the series and their lags. The methodology identifies the
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10 Time). The rate of change and shape of the parameters over time is determined by the incidence,
time of infection, extent of infection, numbers of organisms, virulence of the organisms, and the
condition and genetic make-up of the 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
some therapeutic intervention is indicated. The system determines the relationship between ISthe
pymgen levels and the dependent variable in the model, Lead Time, enabling prediction of fever spike
early enough to intervene with beneficial outcome. 100301)11is method and data provides enables
anticipation of the tune patients are most likely to experience a fever spike. The physician CM then
preempt and/or ameliorate the onset of the fever event, for example by providing prophylactic antibiotic
therapy. 20/00302)11m treatment of imf ients wills Acute Myelogertous Leukemia (AML) is used as an
exemplary case. Such patients are often treated with a course of induction chemotherapy (in-patient
chemotherapy typically using more than one drug and intended to eliminate all cancer cells). An
undesired side-effect d?‘ﬁ‘?eslﬁ&ﬁ%‘ﬁﬁﬁ“&ﬁé‘?ﬁtﬁtﬁgta“ﬁv"i%mﬂ“é‘ﬁéﬂ iy 186t te K elitGpenia. This occurs
because infectious mldf“évﬁ‘f'ﬁﬁﬁ‘%?ﬁ?& ARTAVERE e € atient due to the inactivation of active immunity

nte Carle simula the mclhods eacri above using four time geries w
25by the chemotherap 7‘1‘?\ {ioR ot TSl le I‘J%HU’OE)(EQJM mt'f];mf ver s @ee ,a clinician defined state
in which the patlents témperaﬁ% émlnr?'rlnsﬁ?mms unte ab d 5 5 Cels in a six hour period

nenha decreasing al cctl mmuc pa wn mg'l tc:'m'stl 8 5 asta onary une';gr;c

a defense mechanlsm S tﬁr'omuf'ﬁee effects exerted on the hypothalamus by C|rculat|ng eytoklnes
called pyrogens. These cytoklnes emerge from the hrnnuoe system during an 30 inflammatory
response. The hest known of these are 1L-6, ILgkRhatas and INF-alpha. The purpose of this example is
to identify a patternof ifRilaing PHOGERSIEaHRGHRIQB: ienekspike Abik fiammdlem build a model that
best anticipates the timedQashika.{ 03041 The methods developed in the studies may he generalized
to generate a monitoring:meansdisoiherhigh-iskidisease-shaies.anchtharapewtic procedures.
35[00305]The system huilds: austatisticakmnede! chamet-et Bingrtheaslatensidp between the time-to-
spike and the circulatingrewelsrfordtwe pasticeiarpymyeoseising Brcddkidloatsr Mhe system, while -47-
independent of measurementmeansrequies frequentsemphngfrthepenadptior to the fever spike
(anywhere from 3 to 6 frtastiresper dey) fee308 4T Hefirdrstéprinvdivetriddiéveloping the
methodology respires étve’etretatteriz aeshueotfisiar i Wengehreiicatsybiiddedhd to identify, as closely
as possible, the time of the first fever event. Slie d&ftition chosen was that either the patient's
temperature me:mines §i&dts than 39 dégtees Celsius or in a six hour period or two consecutive
temperatures are recorded greater than 38.5 degree,s Celsius. 100307] Individual patient data for the
circulating levels of 1L-6, I\’_”I betd 4Rt TRiE-alpha and other

First fover
14.3 Significant decline in protein-C
223 Septic shock
112 Patient admitted to 1CY

20 [00298] The system identifies tee relationship between the time to & fover spike during pggressive
chemotherapy of leukomia sesuliing in fever and dramaticaily changed ievels of circulating pyrogens
(Protsin-C, IL-6, Il-1beta, TMNF-alpha, 1L~ 10). This is performed by coploying standard statistical
modeling methodologies. The system can be generalized to other situations where sepsis occurs. it
can also be employed for other situations where significant disease processes and ouicome of

25 therspy can be beneficially projected.

[00299] Scicnce and engineering often invoive using casy-to-measure variables, called factors or
independent variable faclory to explain or predict the behavior of other variables, called responses,
When the faciors are few in mumber, nol sigimficantly redundant (non-collinear), and have n well-

defined, functioual relationship to the responses, onc can use mwultiple lnear regression to
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biornarkers were recorded in a database, based on the sampling interval. The samples in the study (3
10measures per day at 8-hour increments) were subjected to post hoc analysis, and used to populate
the model. 180308IThese markers were selected based upon a number of current studies which show
that patients with Sepsis Syndrome have elevated levels of circulating 1L-1 beta, IL-6, and TNILalpba
when compared with critically ill patients without sepsis and nonnal controls (Casey, L. Annals of
15Internal Medicine (1993) 119;8:771-778). [00309)11,6 predominately regulates the synthesis of CRP
made by the Impatocytes (liver) in the acute phase response. Transcription of CRP is also regulated
somewhat by INF and 1L-1. CRP is a pentraxin protein which binds to phosphocholine on bacterial cell
walls, endogenous cell membranes, mid apoptotic bodies. Inflammation caused by infection/ sepsis,
inflammatory and 20 autoinumme disorders, luminaire injury, and some malignancies, CRP is seen in
increased amounts making it a useful biomarker in monitoring sepsis and infection. CRP production is
not affected by neutropenia,, There, s an goundance pf literature, which faguses,on CRP levels during
neutropenie fever and jn diadnosing the. severity of febrje Incidences, 1003101 Protein C1is
anti-coagulant protein that I synthesizedn, ihe Jver.Jbalays.al.megrant rele 25in maintaining
coagulation homeostasgis.RIQI&IRf.iSAGHYAE ARV MRINIRIR. AN AGINEREQIRIN which along with
protein S and phospholipid.as.cafasiars, ilgleaves.coagulalianfastees:vllland thus inhibiting
coagulation. Recently, Rsoieth. rSantinilammatonmdespebsasdavrdeen discovered. [003111
Patients with sepsis anghagplicisheekihaverRsciain.Ci depletion.mhich mayhave a role in the
30pathophysiology of sepsiss R0 vemarlwas: GeeiiHha wRes Hie.sibgrpup i patients by
counteracting Protein G-deplafiombythe-addition-aiactinatec-BroteimdGhdrotein C can be used as a
bionanker in the diagnosis afsepsis-inpatenisantrasatherapeutiodgent@ne study found that
concentrations of hereimGt afeipreportiohdite withs sbuwerity. ofshettibpeniesepdis at fever onset.
1003121 Ten adult leuket¥ita:paticitsireedivngchBmathordpiere erroltd, 'Blood samples Were
35taken every 8 hours pfioktolieemsetrofthie fevier Splketsrttns svergedrdtirs until the end of the
observation period. BiothidrrRersrsysisirEe petforBersrttiesersampregtiPatient sampling of 8 hours
prior to fever spike And"6rHestirs ditet feriepikE bh Serptt 0 b3 Sy PaMiAM E4st Squares model was
constructed based on tHE Pre BB (e H sl Ritidsi) theasures for 1L-6, ILI-beta, and "INF-alpha and
their sample-to-sample it ‘GhBrgeE! Ehver sHa SHRiar vat erirsafrartHig stitdy, a minimal sampling

. experience a fover spikg. The ician can then precmpt and/pr amehiorntedhe onset of the fever. . .
period of 8 hours and & iBIAl Window Bf 56 RO pre-s K& TESUEIBRYS G&five an anticipative
model of the time to Speir(enl,. for example by providing prophylactic antibiotic therapy.

20 ilbﬂ%ﬂﬂ]m trestment of patients with Acute Myelogenous Levkemia (AML) is used asan
cxemplary case. Such patients are often treated with a course of induction chemotherapy (in-patient
chemotherapy typically using more than one drug and intended to elininate all cancer cells), An
wixlesired side-effect of the induction chemotherapy is usually febriie neutropenia. This cocurs
hecause infectious micreorganisms can invade the patient due to the inactivation of active immunity

25 by the chemotherapy. The definition of febrile neutrepenia is the fever spike, a clinician defined
state in which the patient’s temperature measures grenter than 3% degrees Celsius or in & six hour
period two consecutive palient termperatures measured greater (han 38.5 degrees Celsius,

{00303] Fever, as a defense mechanismy, results from the effects exerted on the hypothatamus by
circulating cytokines, called pyrogens. These cyiokines emerpge from the immune system during an

30 inflammatory response. The best known of these are 11-6, 11-1 beta, and TNF-alpha. The purpose
of this exampie is o identify a paitern of chudating pyrogens leading up 1o a fever spike, and, from
them, build a mixlel that best anlicipaies the tine-to-spike.

[09304] The methods developed in the studies may be generalized (o generate a monitming rcans in
olher high-risk discase states and thetapoutic procedures.

35 [80305) The systewn builds a stetiglical model chamoterizing 1he relationship between thoe time-to-

gpike and the circulating Jovels for two particular pyrogens, [L-6 and [L.-] beta. The system, while
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(00314] Quantitative Biomarker concentration data was derived using well known ELISA immunoassay
known to measure IL-6, ILI-beta, and IMP-alpha. Concentrations measured in pg,/mL, and
sample-to-sample fold changes in concentration were recorded and analyzed as follows.
101003151The concentration data were first visually inspected for Gaussian normality. Because they
were log normally distributed the data was transformed by calculating the log of the raw data
measures. Based on these measures, an initial Partial Least Squares regression model was built that
included all three pyrogens and their fold changes from sample to sample. This model characterized
the amount of variation accounted for in the coymiance structures of the dependent vectors (times- IS
to-spike) and the independent vectors (pyrogen levels). In this data set there were more independent
variables than degrees of freedom. To address the problem, standard statistical model building tools
like top-down elimination and bottom-up addition were employed. (00316j The full model (IL-6,
ThiP-alpha, and ILL beta, and their sample to sample change ) accounted for the percentage of the
variation in the whole rﬁ?)‘&”é“l“%%ﬁﬁﬁ%@‘%’fméﬂ‘ff“é%ﬁ tfﬁ%ﬂ%ﬁter CERtA ngmew(t)kfeffwve Uariance in the
dependent variable (tlrﬁm ”‘fhm pike >° UEMG fe ‘?ure selection processes comp ising and not limited to
fxsts; mvulv m cl P N ;um:s onec racletizat m 0
bottom up model bUIldI Ef“f down m jbﬂﬂd‘nﬂg §] rles of seven sub-models were developed.
an nti 83 close! f)oss1 e, the tzme of st fever evenl
4003171 The chosen mo qg{fh m% o beta) Q,%@%UQQ&& sample fold change

be ctuulmn chosen Wi étxcutq, empcr'l TTE Hiensdres

IL-6), log(INF-alphay, aml accounied for 9$% olthe. total.model.cavariangg and 27.5% of the variance

Or 11,4 8iX WO COnsec

25in the dependent vagablec,&tlme “to- splke) 10031811the model is given by a standard multiple linear

regression equation wiilyhe.follawing RANMIGIELSEL.IRlRRCeR! F-36.2niRgkh kAlEe -8.0; log(IL-6 fold
change) - 24; log(ILA b@&@)k - 1 03:.ana:UNE salpha) a-id: :Rath measiw g ds:B«p@int-in-time measure
at the observed timg-t0:spik§ TR L EXAMPLIS A DL S Plipsstathe iever.spikemthantog of the
concentrations of 11,6,.d4=l beta, and 30their sample-so-sample fold changes from the 30 hour tiara
point are withal to the mesketusingdfiietparwadion  meanngdheoeelikicientsof the linear model.
(003191The final modekwas sstectaditrem thieseven-totalsuli-nodals betige it accounted for the
highest level of the pereentage-ofyariatce sricth eithegendentyd etors Thefindkimodel included log(IL6),
log(11,4 beta), and thetegs WitheirSansiditg?®ample (bid changes as anticipators of timc-tm 35spike.
The aim of the anticipatit¥®ifedorrotSedioen wiest [E8ratby elinitarrdlsvamte hut is not limited to
that anticipative windowr Tt seteetSarreer CHUato s as s IR gd iL-1. CRPIsa
Timodei-spike=36.1.8 1&g :G)¥ 2. A5H G 1% B st CHE ) 0 I oGO 1Bt 4*Log(TNE alpha)
1003201 The results of ™10 Phmstits Wt SvaraaT i t‘ﬁ‘i%“@’f(ﬁ‘fﬁ“p‘l@“f&“r‘“fﬁé‘ﬁ‘ biomarker patterns in
the 36 hours prior té”fe%’t‘“%‘i‘ﬁ@?“‘?h‘é’“&ﬁfd“’l‘?j’r BHEP BPHE 1O ug’éﬁ%“ér‘lfi"ih &P S&imple-to-sample fold
SChangeS are in FIgS ﬁk@taﬁig 2@}nfrkettﬁ1mﬁx_noj1_nbéltls audmfectm atl h()({\;(él"‘)nﬂga i’ﬂ]mécpélnt number. Flg 28 is
the sample-to-sample f?ﬂ’éi" ﬂéﬁ%@%{?j Sma':lj_:l‘j:l “05;’:\7;é:§§gmﬁmrﬁ‘émﬁgﬁﬁ}%i’ﬁﬂﬂ%ﬁm'rg Fig729 is the 1L-6

concentration versus t|me erein pati Lpt4pecames EIC Flg 39 is the
em m syn MEFLZEC Ly

I tein > E t L the [iver, JE an 1mpo!
sample-tosample fold change for I"I‘_“t%"m rsus fime point nu alient 4 became septic. Fig.
in mair mmg coaguiatlcn homeqs!asm

1s actlvai y Lhz’o n mto an a 1VE prOf

3:]' IS the TNF- alpha Cong%gj‘é)%tv!f n,1r¥tgn ara thosp lgaglai;l(t:oﬂcl:‘{lom 1tec eaveslgagul%l<!§fatcturs§i?lamp!fe -to- Sample f0|d
change

thus inhibiting coagnlation. Recently, Protein (s andi-inflammatory responses have been
discovered.
[G0311] Paticnts with sepsis and septic shock have Protein C depletion which may have a role in the
30 pathophysiclogy ol sepsis. Ithprovement was seen in & specific subgroup of patients by
counteracting Protein € depletion by the addition of setivated Protein C. Protein C can beused as a
Biomarker in the diagnosis of sepsis in patients and a3 a therapeuatic agent. One study found that
concentrations of Protein C are proportionade witls severily of nextropenic sepsis at fever onset.
160312] Ten aduit leukemia paticnts receiving chemotherapy were enrolled. Blood sampies were

35 aken every 8 hours prior to the onset of the fever spike and then every 6 hours until the end of the
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10 for 1NF-alpha versus time point number. 100321! The model anticipated the time-to-spike in all
patients and explained the percentage of the variance observed in the dependent variable. Patient 6
had ATRA syndrome and thus is outside the patient population used to construct the model.
(003221The residual plot for patient 5 is given in Fig. 33. Patient 5 has a fever spike and no
15decreasing markers. Temperature in degrees C (right scale) biomarker 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-systematic, meaning randomly distributed about Use zero-axis and the size of the
residual is no snore than the percentage of the anticipated time-to-spike, which is anticipated by the
20model using the equation I. [00323 For patient 4, the model anticipates a time-to-spike of 3.3 hours
when the actual time-to- spike was 7 bows, and, at the other extreme, anticipates a time-to-spike of

31.9 hours when the agfual tyne-fosshike Wes aciualivadbeursiasAdsmansitated in Fig. 34. Patient 4
data points showing degreasing. Rrotein-GithiRcreasing -6 just prior to fever spike. Normalized
parameter is the 25ratig,qithe.{paramalet.valie atdime tainusthadouastyale in the range) to the
difference between themaximum anddRinimumn.value ofibe paiameter-Lcrasidual analysis for Patient
4 yields an excellent fastesthedata.measysediia patientds reaning. the-residualssare randomly
disttibuted about the zesesaxisrandmeriesiduabisigreaien thanm2@4ief the anticipated time-to-spike, as
derived from equation ls381{16324i-Heonehusion-oithisiexample kindaotion cancer chemotherapy is
only one of the mglerlying-eticiogies efsepsisi. Otherstifelide hutare notlifiited to, severe bum and
tbennal injury or traumadic.imjseynide-bura feidktea inmatieieg ey, teepationtaxpgriisses an alteration in the
immune system resultiif)ifiTa predotnifuve tof thel Tareth & 2o tyrphibieytethgtiotype, where the
phenotype of the helper-eél popb ktidrrsivitees fdmTHEts 1R THIE Y14 ftted the Th 1 -to-1112
switch and 35makes tHepatiEHr shbrerstiseep it T iftie s s roF i retist "1ig~ 35 is a schematic of
the Thi do- Th2 switch ‘éﬁ%“‘tﬂ‘é"’é&‘tﬁﬁﬂ%@? Pf‘é‘%‘ﬂ%‘iﬁ §ESE BREHbRE - BHEE & patient becomes
infected, if -50- the un&“é?’lS‘}i‘Hrg AHDHRAE THa Rt He Tata "and epread st {iif&ction can result in a
systemic inflammatGry ‘Pé%k eWFj’?ﬁjsﬁ%[l’@W;:e:;s I"If"{fw A patiogen s urif;&’énhfled the

or

staustl mode
inflammatory responses%i&gm?m ERIE i nm.ﬁesponse JArSmE (SIRS). Thus, the

underlying etiology of 589{@&%@9@%& n,Ne captired as,a process divided into three
phySlOlOg|Ca”y 5d|St|nCaoLQ!1:1 \ﬁg'lﬁepelcen eecmﬂb'ﬁéﬁ&%'tﬁ%ﬂ%@%&ﬁn L%tl(zggg‘eﬁéﬁgted by the 111121112
switch, progreSSIoanhrp&g,ngmfﬁmmwmmg&mgtﬂm RrQuiessionof Sepsis/SIRS. The markers
relevant to the monitoring.of. €AGH.SINSE: ARSHANVD I LARIE:R; JARIE.R rodet buiaing, o

series of seven sub-models were developed.
{00317] The chosen model included log(iL-6), log(H -1 beta), log{sample-to-sample fold change [1-
6), log{TNF-elpha), and accounted for 93% of the total model covariance and 27.5% of the variance
25 inthe dependent vanable (Uane-to-spike).
00318 The model is given by a standard multiple linear regression equation with the fullowing
parameter set: intercept = 36.5; log(11.-6) = 8.0, log(IL-6 fold change) = 2.4; lopfIL-1 beta) = -0.3;
and log(TNF-alpha) = 4.4, Bach measure is 2 point-in-time measure a4 the observed time-to-spike.
Tor exameple, 24 hours prior to the fever spike, the log of the concentrations of 11.-6, 1L-1 beta, and
30 their sample-to-sample fold clhianges from the 30 hour time point are added fo the model using fitted
paraimeters, meaging the coefficients of the linear model,
§3031%9] Ulie {inal model was setected from the seven tolal sub-models because it accounted for the
highest ievel of the percentage of veriance in the dependerst veetor, The final model inchaded log(TL-
6), log(1L.-1 beta), and the logs of their sanple-to-sample fold clanges as auticipators of time-to-
35 spike. The size of Ihe anticipative window of 36 ours wos selected by chinical relevance but is rot

limited to that anticipative window. The selected model equation is as follows:
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-51- d. IL-1 e. ll-Ira (IL-1 receptor agonist) f. TNF V. ALF (Acute Liver Failure) a. ALT tiL AST
c. GGT d. LOH e. Alkaline phosphatase f. Protein C ytokeretin-18 fragments 1003251 Fig- 36 and
Fig. 37 demonstrate that the system uses an equation that is anticipative of sepsis using the Squared
Maholanobis distance equation and Bayesian Probability. The Squared Mahahmobis Distance is:
5D2(x) = (6r - x)t-I(tr) where j-.1,2, 3 and the Bayesian probability is: Pr(jIx) = exp(-0.51)(2
(8))/texp(0.517k2(8)) wherein 6 is the mean vector representing the controid of the patient population
and j is the three different outcomes (sepsis, fever, infection). 10(00326/Fig. 38 illustrates a graph in
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 pat tents leading up to that point are relevant to the determination that
this patient became septic. 1003271 Fig. 39 illustrates a bivariate time course of two particular markers
(protein C and C-reactive protein) in the same patient. The change in direction in the center of the

graph represents a
Time-to-spike=36,6-8*10g(J1.6)+2.4* Log(IL-6 fold change)-0.3* Log(XL-1

heta-44*Log{TNF &iphs}
100320} The results of the 18 palients were evalualed inthis example for their biomarker patierns in
the 36 hours prior to fever spikes. The data for each of the pyrogens aud their sample-to-sample fold
5 changes are in Figs. 27-32. Fig. 27 is the IL-1 beta concentration versus time point number, Fig. 28
is the sample-to-sample fold chiange for IL1-beta versus time point number, Fig. 29 is the IL-6
coneeniration versus tiine poiot number, wherein patient 4 became septic. Fig, 30 is the sample-to-
gample fold change for 11-6 versus time point aumber, wherein patient 4 became septic. Fig- 31 is
the TNF-alpha concentration versus time point number. Fig. 32 is the sample-to-sample fold change

10 for TNF-alpha versus time point number,

{06321} The model anticipated the time-to-spike in ali patiesits and explained the percentage of tbe
variance observed in the dependent variable. Patient 6 had ATRA syndrome and thus is cutside the
patient population used to constiuct the model.

{00322} The residuai plot for patient 5 is given in Fig. 33. Paticnl 5 has a fever spike and no

15  decressing markers, Tempernture in degrees C (right scale) biomarker concestrations given in
pg/ml., wherein JL-6 is a 10-fold increase, not necessarily indicating sepsis. An enalysis of the
residuals suggest that the model anficipations for the period between 12 and 24 hours prior to the
fever spike are non-systematic, meaning randomly distributed abowut the zero-axis and the size of the
regichl is no more then the percentage of the anticipated tirne-to-spike, which is anticipated by the

2¢ model using the equation I.

{00323} For patient 4, the model anticipates a time-to-spike ©f 3.3 hours when the actual time-to-
spike was 7 hours, and, at the other extreme, anticipates a {lime-to-spike of 31.9 hours when the
actual time-to-spike was actually 34 hours as demonsirated in Fig 34. Patient 4 data peints showing
decreasing Protein-C with increasing 1L-6 just prior o fever spike. Normalized paramoter is the

25 ratio of the (parameter value at time t minus the lowest valae in the range) to the differonce between
the maximum and miniman value of the parameter. A residual analysis for Palient 4 yields an
uxcellent [it 1o the data measured in palient 4, mesning the residusls are randomly distributed about
the zero axis, and ne residual is greater than 20% of the anticipated time-to-spike, as derived from
equation 1.

30 [60324] in conclusion of this example, induction cancer chemotherapy is only one of the underlying
etiologies of sepsis. Others include, but are not limited 1o, severe bum and thetmal injury or
tramnadic injury. In bum and traumatic injury, the patient expresses an alteration in the inmumne
systern resulting in a predominance of the T Helpor-2 Lymphocyte phenotype, where the phienotype
of the helper cell poputation switches from Thi to Th2, This is termed the Thil-to-Th2 swilch and

35 makes the patient more susceptible to the onset of infection. Fig, 35 is & schemalic of the Thi-to-

Th2 switch and the eytokines represesting each phenotype. Once the patient becomes infected, if



15rapid onset of disease. In this example, a patient rapidly deteriorated and was illustrated as septic in
a very particular region of the bivariate space. In this example, the sampling intervals are fairly regular;
therefore the length of each line segment represents the rate of change of die biomarkers in this
particular space. 20 -52- CLAIMS WHAT IS CLAIMED IS: 51.A method for characterizing the
probability of a clinical outcome of a subject, comprising: 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 10c. calculating the position of said subject data in said probability space, thereby
characterizing the probability of the clinical outcome of said subject. 2.A medical information system
for subject data analysis comprising: a. an input device for receiving subject data and in
communication with a processor; b. a storage unit in communication with the processor having a
database for: (i) storinghdugéteaﬂycgg&sg%gdgi 10 d:‘&%@ﬁ?&@ﬁ%@ﬁ%%ﬁfgsﬁﬂg‘a%%@yca set of discrete clinical

outcomes, each of Whl%ﬁ IS5 araC%erlZ i5 o M!%gpasiglﬁptgcaplat migseg!spwl‘xliye \il m?,ﬁh@“\%ﬁ%{ogﬁe biO'OgiC&' marker;

mflnmmatory response which

and (ii) storing subject data corresponding 1o, the. at least.one-piglagical.magker; ¢ a processor that
calculates the position gf, said subject data.n.saidprobabilinspace.20as Amay of assessing the
probability of a discrete,glinical.uicome.of said-suRiectanedy aeutputdevice that transmits
information relating to {he.discrele slhicalauisane phehivanantuserdAdaathod of characterizing
a clinical outcome of a gubjest.complisingnaaa.reanstructing a probability space within a server,
wherein the probability space is defined by a set ofa@iscrete clinical outcomes, each of which is
characterized by the gtatistical distrigution of at the Teast oné biological marker; b. entering data of a
subject into the server, iUt a Corfesporidig i the at least one biological marker; and 30c.
calculating the position®81'84fd subject data i Saithipedbability space thereby
b. IL-theta”

¢ IL-g"
d. Procaicitonin

e IL-10

a. Von Willebrand Factor
b. Procalcitonin
g heoplerin
d. ThF-a
a. ProleinC
f. PAF1
g. (ProjThrombin
Bl ARF {Acute Renal Failure)
a. Creatinine
b, CysinC
V. ARDS
a. Von Willsbrand Factor

b. H-6

c. -8
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characterizing the clinical outcome of the subject. 4. The method of claim 1 or 3, wherein 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. 5. The method of claim
1 or 3 further comprising 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. 6.
The method of claim 5 wherein the medical action involves at least one action selected from 5the
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. 7. The method of claim 5, wherein the notification is electronically transmitted. 8. The
method of claim 5, wherein the notification is wirelessly transmitted. 109, The method of claim 5 further
comprising, upon selection of the at least one action, performing an outcome analysis for assessing a
result of said selected_action, and automatically updating the praobability of a discrete clinical outcome
of said subject. 10. The method of glaim 4, whgrein the various time points cover a period of less than
about 24 hours. 1511, The method df claim 1 0(1 }’]{h?&%}ﬁ'@!@e c[ nical outcome i$ selected from the
group consisting of camplete response (CR) partl response PR) stable disease (Sit),
non-response(NR), adverse drug effect (ADR),"8hd drug toxicity. 12. The medicpl information system
of claim 2, wherein the end user is a mediadl frersanrfetun the subject. 2013. The medical information
system of claim 2, wherein the end user is franua pharmaceutical. company. 14. The medical
information system of{claim 2, wheregin said QUL device transmits selected portions of the subject
data and the probability space in response to instructions from the end user. 15. The medical
information system oficlaim 2, wherein the sforﬁﬁe unit stores historical 25referepce data of a plurality
of subjects in relationship to the at Igast one%ighigical marker. 16. The medicaljinformation system of
claim 2, wherein the data stored in the storage anaitaxesseteeted from the categories consisting of
pathology, anatomy, tfeatment option, treatmenf utcome, pharmacological parameter,

pharmacokinetics par meter, psychological parameerg%nr_,&gd Ig{gomie information, 3017. The medical
infonnation system of ; asewsapﬂﬂghrdatabase.‘“ _

{00325] Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of

sepsis using the Squared Maholanobis distance equation and Beyesian Probability. The Squared
Mahalanobis Distance is:
5 DA = O — ¥ E-1 () where j=1,2, 3
and the Bayesian probability is:
Prjlx) = eap(-0.51%* (x)¥Eexp(0.5Th (x))
wherein 1 is the mean vector representing the centroid of the patiemt population and j is the three
different outcomes (sepsis, fever, infection).

19 {08326]Tig. 38 ilustrates a graph in time of a plarality of mavker protsins for a patient in a sepsis
tria). The time of the onset 1o sepsis for this putient is marked and all patlemns lesding up to that
poind are relevant to the determination that this patient becarne septic.

100327 Fig. 39 illustrates 1 bivariate time course of twa particular markers (protein C and C-
reactive protein) in the same paticnt. The change in dircction in the center of the graph represenis a

15 rapid onset of disease. In this examnple, a patient rapidly deteriorated and was illustrated as septic in
# very particular region of the bivasiate space. In this example, the sampling intervals are faisly
regular; therefore the [ength of each line regment represents the rate of change of the biomarkers in

this particular space.

20
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18. The medical information system of claim 2, wherein the database is an internal database. 19. The
medical information system of claim 2 wherein the information transmitted by the output device is
encrypted. 20. The medical information system of claim 2 comprises a network. 3521. The medical
information system of claim 2, wherein the input device and/or the output device comprises a user
interface that can remotely access the network. 22. The medical information system of claim 2,
wherein the processor 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. 23. The medical
information system of claim 2, wherein the input%le’w%‘ comprises a touch 5screen. 24. The medical
information'wystas clamnZEwkterein the input device comprises a data entry portal or a keyboard.
25. The medical information system of claim 2, wherein the subject data are textual or numeric.
26. The medical information s¥stem of clajm 25, ereifm tﬁ*le,te tual or numeric information is
it I

10solicited from tHe BAECILET a7 ot HRmREHISRT TG RATON SYSIER BT Rlaim 2 wherein

rmation system o 8a|m. , wherein the subject
data represent measuremestsaftheratidabtyonecbibiowit by mestiddsredie alinird poeyfusach 28. The

medical information systgm,af.glaimnZ.cunaseiy the.subiactdatadapsesapismaasiyegents of the at
least one biological markerﬁgresent in blood. 1529. The medical information system of claim 2, wherein

the subject data represer‘i‘fa gasurements of the at least one biological marker present in blood.  30.
The medical information Sytsteine ofttaintrRgontsprafingie e dent aieiislagic D BIaFEFDRY a

point-gfscare device that igiQpaaes Bysthe: SRiRCHubjectd Redagslicabinfogpnatjarsystem of claim
30, wherein the measure:Fents are taken %t t\}/ﬂ.&a}rio0 ZOEime poi ts tc;‘%i]gﬂ a érgé'gctory within the
. ’ § .

" racledzing the proba T the cimical outcome -
probability space, wherefl AT AR tebresents & time series of the assessed clinical outcome.

32. The medizal irfonmibtidinEystmctdhaifrbistalditenlyshfeamuiig ransmitted by the output
device represents an assgsspreidefdhe clinicak owireniaohsnic Subiaalatie singlepisaesgoint.

b. & storage unit in communication with the processor having a database for: (i) storing

s data corresponding to a probability space defined by a sct of discrete clinical
outcomes, each of which is characlerized by statistical distribution of at least one
biological marker; and (it} stoting subject data corresponding to the at least one
biological marker;

c. aprocessor that calculales the position of said subject data in said probability space

20 as a way of assessing the probability of a discrete clinical outcome of said subject;
and

d. an output device that transmits information relating to the discrete clinical outcome
of ¢} to an end user,
3. Amcthod of characterizing a clinical outeome of a subject comprising:

25 a. constructing a probability space within a server, wherein the probability space is
defined by a set of discrete clinical outcornes, each of which is characterized by the
slatistical distribution of at the least one biclogical iarker;

b. entering data of a subject inlo the server, said dala corresponding to the at least one
biological marker; and

19 c. calculating the position of said subject data in said probability space thereby
characterizing the clinical outcome of the subject.

4, The meihod of claim 1 or 3, wherein at least steps b and ¢ are repeated at various time points
to yield a trajectory within a probability gpace, wherein said trajectory is indicative of the likelihood

of progression 1o the clindeal outcome.
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33. The medical information system of claim 31, wherein the information transmitted by the 25output
device represents a time series of the assessed clinical outcome. 34. The medical information
system of claim 2, wherein the output device comprises an automatic alert system. 35. The medical
information system of claim 34, wherein the automatic alert system is programmable by the end user.
3036. The medical information system of claim 34, wherein the automatic ajert systemis

programmable baggd, onadedsiines: Rretecelinnasinicaliigl . mddicAhe-madicalirfammation system
of claim 2, wherein the subject data represent mea,suren]ents of the at Iea%t one b{SL% ig&l marker
present in BiobRred foggkipga RrsiiRLAcH D AR RSPV SRT ST RILTRSS (WRHBYEHTIHE BRGTUSET is a health
care providéna3s38d ekahiidgigakcimformation system of claim 37, wherein the health care provider is a

Health Maintgnangg.Qraanization{ M@k AOmAscaratdesrradahladmedivmeanpsisiagepmputer
readable instructions, which when,exeguted cause a processor fo: a. provide a QJ%%%Q{"W space

F " yen A — o v o 4 " -
defined by H'SEYEP O Qi AIEAIE QBRSS! BASK O h’%ﬁ%g“%hgig‘ét‘éﬁ%‘é’l Bya statistical
distribution whiaticestivnerbipoditarrhatkeryshicobealnad bjstn e s EEpBrR aM a8 2k least one
biological market.ansl.&ealculate the position of said subject data in said probability space to assess
the - probabl_l%y ofTT clini allg t&%ggg gv[ saldtﬁg%?_l 41. The comgﬁj};?_r rea}q%g]e medium of claim 40,

. e method rein ¢allon is electionic AL
wherein the instructions operate in & software runtime environment. 25" he computer readable

medium of cl&im 4Athewiséiesim theiinStrubromdinhetfiestspitedifelpibrieassish processor to provide a
user dgfined glert-cangitinu basesonamhassessmentebirarcionopatmeiers:efitnesubject data in the

P i o Ha e e P RABMEIRIR L7 21 dSBRL ORE.Al SREE L BGRRISIRNon. direction,
and posmoﬁ. B A method 0 predicting the occurrence of a medical condition that requires

medical 15¥nénimtisrrebbitifaticalisemiprstng! ertsrwasharg Bhifcentrations of a first set of
biomarkers presentinm:Gubjecianc easkl ing-anewekimoreiphysielogieabindicatohsnabsaid4subject at
a given frequency, wherein the first set of biomarkers are suspected to be predictive of the medical

.. Urg. . . . .
condition; 20b. based on the concentrations measure in (a), generating from the first set a subset of
13 11. Themethod of claim 1 or 2 wherein the clinical outcome is selecicd from the group

consisting of complete response (CR), partial response (PR), stable discase (SR), non-response(NR),
adverse drug effect (ADR), and drug toxicity.

12, The medical information system of claim 2, wherein the end user is a medical personnel] or
the subject.

20 13.  The medical information system of ¢laim 2, wherein the end user is from a pharmaceutical
company.

14. The medical information system of claiin 2, wherein said output device transmits selected
portions of the subject data and the probability space in response to instructions from the end user.

15. The medical information system of claim 2, wherein the storage unit stores historical

25  reference dala of a plurality of subjects in relationship to the at least one biological marker.

16. The medical information system of claim 2, wherein the data stored in the storage unit are
selected from the categories consisting of pathology, anatomy, treatment option, freatment owtlcome,
pharmacological parameter, pharmacokinetics parameter, psychological parameter, and genomic
information.

30 17, The medical information system of claim 2, wherein the dalabase is a public database.

18,  The medical information system of claim 2, wherein the database is an internal database.

19.  The medical information system of claiin 2 wherein the information transmitted by the
output device is encrypted.

20, The medical information system of claim 2 comprises a network.

35 21, The medical information system of claim 2, wherein the input device and/or the output

device comprises o user interface that can remotely access the network,
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biomarkers that are more correlative with the occurrence of the medical condition and/or a new
frequency of measurement of the bi.omarkers; 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 25medical condition. 44. The method of claim 43 further comprising analyzing data
reflecting the concentrations and/or the physiological indicators with multivariate statistical software.

45. The method of glaiuda, wbereiR dhakisngicah Makatsare m&e@% &ela;iatejtagé%h@eme of said
subject. 3046& qu methaod of clalg1 45 wherein the bliolosglcal sam % t? |Iut d b ppr priate fold.
5 cct ata n said ity space 45 5SS, m abi i a dz re e 8‘
47. A methdd of Itoring sepsis el%) mént of rising easurln at'least two
paramete@é@té@té’é S[‘t@rﬁ“?ﬁt@tgroup of (1) body temperature of sald subject, (2) protein C
concentrationnf spid suiactnf3nintenlenkin 6tk consenatapelcaick subjetk:midigle times to
yield a;rend otétemperature protein C 35trend, and/or IL-6; and wherein an increase beyond normal
body temperature, a decrease in protein C concentration and/or an increase in 1L-6 concentration is

indicative of #fe débelapheritorgaisisinsad dubjdetyhagnPivd msdiroselamea 7 Wihetsn a
decrease ingegtein tefodigwed by an increase of 1L-6 is indicative of the development of sepsis in said

subject. 49. 'gheﬂ}eth qf rlJalm 47, wherei a egre?se in protel IIowed béx an increase of 11,6
€ medica ati 1’1<; stem of clafn eiemt es eXiua] or Numeric.
and an increase beyon norma temperature is’in |cat|ve o eve opment of sepsis hi said

subject.  B®. ﬂ?t@metﬁddrétetatmwwtwmetem%?te%ﬁmwertwwereea@ér}ﬁ)w@eehcentratuon
in 10said sedjeetdSinicatventthe development of sepsis in said subject. 51. The method of claim

47, wherein apleagt ahout A0Q-{9ld 106I5ASS I M0 LONCRINANIANA.RIA sybigghs indicative of the

development of sepsis in said subject. he method of claim 47 further comprising the step of

increasing W@?ﬁﬁeﬁﬁﬁ?‘éf’ﬁ‘l}é‘%\%‘di’ﬁﬁb‘)ﬁ%’Wéﬁﬂ’ﬁﬁbﬂ?ﬁb‘&d’%bﬁ?&fé%@ beyond normal body

temperature zhd/dhardetredstimprotepstéon bScoinc@ntiairon. th&Sibjdoedarettioekolt claim 47, wherein
the frequency. s BRLaseihiaqBRE ANAIEE AUERL Lo hours. 4. A method for

charactenzw;?r%a medical_condition of a subject, comprising obtalnln%a tint set of subject

data cbimprisfig a @Wﬁ@‘bﬁﬂl‘ﬁ@‘ﬂ@&l%ﬁfﬂ@f slhi ‘Zb?éﬁgt“&nsé‘lﬁﬁ?%i’o"ﬁ%ﬁﬂe rameter from the
subject; b. determiming ¢thdprolbabitity Bhgivedicatconditiomdithe subject using the first set of subject

data obtainedy  The medical information system of claims 29, wherein the measurements are oblained by a
point-of-care device that is operated by the subject.
31, The medical information system of claim 30, wherein the measurements are taken at various
20 time points to yield a trajectory within the probability space, wherein said trajectory represents a
time series of the assessed clinical outeome.
32, The medical information system of claim 31, wherein the information transmitted by the
output device represents an assessment of the clinical onteome of said subject at a single tine point,
33. The medical information system of claim 31, wherein the information transmitted by the
25 oulput device represents a time series of the assessed clinical outcome.
34.  The medical information system of claim 2, whercin the output device comprises an
automatic alert system.
35.  The medical infonmation system of ¢laim 34, wherein the automatic alert system is
programmable by the end user.
30 36. The medical information system of claim 34, wherein the automatic alert system is
progranunable based on a predefined protocol for a clinical tdal,
37, The medical information system of ¢laim 2, wherein the subject data represent
measurements of the at least one biological marker present in blood.
38.  The medical information system of elaim 2, wherein the end user is a health care provider.
35 39, The medical information system of claim 37, wherein the health care provider is a Health

Maintenance Organization (FIMO).
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c. selecting a second set of subject data from the probability of the medical condition; and 25d.
obtaining the second set of subject data from the subject, thereby characterizing the medical condition
of the subject. 55. A method for characterizing periodicity of a clinical condition of ubject, the method
comprising: a. identifying a set of biomarkers for a clinically relevant condition; 30b. obtaining
longitudinal subject data corresponding to at least one hiomarker in said set to obtain a trend of the

subject data;s, analysipgsaidapchiaiigenifynerodiachangapinthaaileaskons biomarker;

d. measurirg:ge\é{atlﬁLeJdeg,a osfﬁgeglgc measurements of the periodic changes of the trend; and e.
characterizing the vallies'or the peaks thereby characterizing the periodicity of the 35clinically relevant

condition.  56. The rhethodits EianvRBE Y spersiriinmg Bhars mglstepccdmipr ssaBe By an ARIMA
model to determine a diffgRpgirgdagdndaeyp daying dnadeltiobdt T hasmattod Gielainbs, wherein

the difierencing lag isusg, i@ dgend 106 JIENA AN SRARISNASAHANGDY Ykl S58. The method of

claim 55, wherein the analyzing Step comprises calculating an autocorrelation function. 59. The
method of claim 58, Whefdfit' e hs@agtipmel st ryrpiise fitRhahbihc setianrsatiy Yifnificant peaks
in the autoconclation fungitdsbility 60a diinécsneifocodfclaimubixcwherein the analyzing step comprises

calculating Spoctrgh e 4053 ThAMENAL A SR AR EIRDE S2lMing shacHal densiy i

performed using a Fast Fourier Transform. 62. The method of claim 55, wherein the measuring step
comprises fHERES/ MY & pYwer spectrum of the maximum spectral density frequency. 63. A method
for monitoringsubjdetcregponsexdatth exapyncoimpiis iy whbes oikaimimg:iang e inaksubjdot ttata
CorreSpondj:Qgszt:Q %l%@&%%%%ﬁ%a{%?& i(ﬂ:@ﬂ%!ﬂcﬂ 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.
43, A method of predicting the occumrence of a medical condition that requires medical

15 imterveniion, the method comprising:

a, measuring concentrations of a first set of biomarkers present in a subject and
measuring coe or more physiological indicators of said subject af a given frequency,
wherein the first set of biomarkers are suspected to be predictive of the medical
condition;

20 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 Trequency of measurement of the biomarkers; and

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

25 medical condition,

44.  The method of claim 43 further comprising analyzing data reflecting the concentrations
and/or the physiological indicators with multivariate statistical software.

45.  The methed of claim 43, wherein the biological markers are present in a biological sample
of said subject.

30 46.  The method of claim 45, wherein the biological sampte is diluted by an appropriate fold.

47. A method of monitoring sepsis development of a subject comprising:

measuring at least two paramcters selected from the group of (1) body temperature of

said subject, (2) protein C concentration of said subject, (3) interleukin 6 (1L-6)

concentration of said subject, multiple times to yicld a trend of temperature, protein C

a5 trend, and/or 1L-6; and
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of biomarkers for a clinically relevant condition to obtain a trend of the subject data, wherein the
subject data is obtained from a subject receiving a therapy; b. monitoring periodicity of the trend; and
c. corresponding the periodicity to a response to the therapy received by the subject. 2064. The
method of claim 63, wherein the therapy is a periodic dosing regimen. 65. The method of claim 63,
wherein the response to the therapy is characterized by a time-dependent behavior of peak levels of

the trend. 66. The mgthed of g{@%@@m%@mgh%&mng@ggmggrgegegbg\gplgriﬁeﬁg@stantialIy constant.

67. The method of claim 63, Where&p the.time-gel% n %QJQ%Q%]}QSEJ%&&%‘%Q?tfig‘ arly. 2568. The
method of claim 65, WREBIFHGE Fmé’f&gbiécﬁﬁgn{ €havior’is changing eéxponentia Fy.' 87K method for

characterizing the endrganeis sfidlknicedly relevant subpopulations of patients exposed to a therapeutic

agent, the methodrgemansing cau:identfying.s setefbiomaikers iR HI0Y semplasthatiact as

surroga_;jte markers for the, thera eutic[a ent; 3013. measuring the set of biomarkers longitudinally from
indicative ol { edcvc%pﬁenttﬂ SERSIS 11 Sl sub{f:c{. . e - . L
a group of patients exposed e therapeutic agent; c. identifying distinct clusters in a multivariate

clustering spége ofithethed stipddoy Ay adetithedserothichvskerdstometHe groopscetpdilerts;

d. determining theakateOfsenanation sidha.distincl-clupiarsianarmeasuisgutie disince abbetween the
distinct clusst{lebrsmip a statistical manner; e. obtaining patient information from the group of patients to

classify the pdtlehts in clinically relevant subpopulations; and fl comparing the distinct clusters to
the clinically AflevaAht 815B18 sttty oy braratten? atoah ity argspatificigestrmiednstnct clusters to
predict¢he bgliniegdly ralenvant-subpepuiatippent AQeddamssithatieficlaim 69 further comprising
denifying a sgeond setaf plgmaress cniauisde mpixe e baaciczalion e, emergence o
distinct clusters to predict the clinically relevant subpopulations. 71. The method of claim 69,
wherein theyfoup et Fatbrmi e dsats o thatHepeitie st athre toparticipants in a clinical trial.  72.
The method ef claime fAiwhefeir iherdinleakthglris:a; deses-fastgingdsial (requency of measuring
1L-6 concentration upon an increase beyond normal body temperature and/or 2 decrease in protein C
15  concentration.
33.  The method of claim 47, whberein the frequency is increased to once a day, once every 12, 8,
6, or 4 hours.
34. A method for characterizing a medical condition of a subject, comprising:
a. obtaining a first set of subject data comprising af least one biological marker and at
20 least onc physiological parameter from the subject;
b, detesmining the probability of a medical condition of the subject using the first set
of subject data oblained;
¢. selecting a second set of subject data from the probability of the medical condition;
antd
25 d. obtaining the second set of subject data from the subject, thereby characterizing the
medical condition of the subject.
35, A method for characterizing periodicity of a chinical condition of a subject, the method
comprising:
a.  identifying a set of biomarkers for a clinteally relevant condition;
30 b.  obtaining fongitudinal subject data corresponding to at least one biomarker in said
set to obtain a trend of the subject data,
c. analyzing said rend o identify periodic changes in the at least one biomarker;
d. measuring values of peak measurements of the periodic changes of the trend; and
e. characterizing the values of the peaks thereby characterizing the periodicity of the

35 clinically relevant condition,
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73. The method of claim 71, wherein the clinical trial is a part of an adaptive clinical trial. 74. The
method of claim 73, wherein the adaptive clinical trial is designed to characterize an optimal dosing
regimen. 1575. The method of claim 73, wherein the adaptive clinical trial is designed to characterize
an optimal responder population. 76. Th.e method of claim 71, wherein the measuring the distance
step comprises measuring the Mahalanobis distance between the distinct cluster centroids. 77.

The method gf cla’mymmsfeighm M@RsHING theydislanse-steRiCANMHES I BasRIAY the
20nearest- nelg(l;‘ dlstancc?h etween the %stlnc(}ecllusters 78. The method of claim 71, wherein the

\ termine a CIenC1 S LD
measurlng H'll IS ance step compris easur ng ayglﬁcTaean distance measure between the distinct

clusters. 79??he1rh%%@‘éﬂ%%m 78 Whrete therdivrrasisanmyithedisdntendids tieddtting a
Manhattan gigtanee maasiabeiween the distinct cluster.

5 58. The method of claim 55, wherein the analyzing step comprises caloulating an
autocorrelation function.
59.  The method of claim 58, wherein the measuring step comprises identifying the statistically
signilicant peaks in the autocorrelation funetion,
G60.  The method of ¢claim 55, wherein the analyzing step comprises caleulating spectral density.

10 61.  The method of claim 60, wherein the calculating spectral density is performed using a Fast

Fourier Transform.

62, The method of claim 55, wherein the measuring step comprises identifying the power
specirum of the maximum spectral density frequency.

63. A method for monitoring subject response to therapy comprising:

15 a.  obfaining 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 1s obtained from a subject receiving a therapy;

b. monitoring periodicity of the trend; and
c. corresponding the periodicity to a response to the therapy received by the subject.
20 64.  The method of claim 623, wherein the therapy 1s a periodic dosing regimen.
05. The method of claim 63, wherein the response to the therapy is characterized by a time-
dependent behavior of peak levels of the trend.
66. The method of claim 65, wherein the time-dependent bebavior is substantially constant.
67. The method of claim 65, wherein the time-dependent bebavior is changing linearly.
25 68.  The method of claim 63, wherein the time-dependent behavior is changing exponentially.
69. A method for characterizing the emergence of clinically refevant subpopulations of patients
exposed to a therapeutic agent, the method comprising:
a. identifying a set of biomarkers in a blood sample that act as surrogate markers for
the therapeutic agent;

30 b. measuring the set of blomarkers longitudinally from a group of patients exposed to
the therapeutic agent;

c. identifying distinct clusters in a multivariate clustering space of the measured values
of the set of biomarkers from the group of patients;
d.  determining the rate of separation of the distinct clusters and measuring the distance

35 between the distinet clusiers in a statistical manner;
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. 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 refevant subpopulations.

7. The method of claim 69 further comprising identifying a second set of biomarkers
configured to improve the characterization of the emergence of distinct clusters to predict the
clinically relevant subpopulations.

1. The method of claim 69, wherein the group of patients exposed to the therapeutic agent are
participants 1n a clinical trial.

72.  The method of claim 71, wherein the clinical trial is a dose ranging trial.

73.  The method of claim 71, wherein the clinical trial is a part of an adaptive elinical trial.

74. The method of claim 73, wherein the adaptive clinical {rial is designed to characterize an
oplimal dosing regimen.

75.  The method of claim 73, wherein the adaptive clinical trial is designed to characterize an
optimal responder population.

76. The method of claim 71, wherein the measuring the distance step comprises measuring the
Mahalanobis distance between the distinct cluster centroids.

79.  The method of elaim 71, wherein the measuring the distance step comprises measuring the
nearest-neighbors distance between the distinet clusters.

78. The method of claim 71, wherein the measuring the distance step comprises measuring a
Fuclidean distance measure between the distinet clusters.

79,  The method of ¢laim 71, wherein the measuring the distance step measusing ¢ Manhattan

distance measutre between the distinet cluster.
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