METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES CROSS-REFERENCE
10001This application claims the benefit of U.S. Provisional Application No 61/039,721 led March 26,
2008, which application is incorporated herein by reference. BACKGROUND OF THE INVENTION
[0002]Conventional methedssioy 25595t dmaticns GiricaiQuicomeratprdmarily based on
clinicians' judgment and past experience. The conventional methods generally involve laboratory tests,
patient surveys and office visits at isolated R dSeS EﬁﬁF f which are not scalable for a time series
analysis, ecially for one that tracks ar predicts r of a patient's clinical outcome in real time.
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informatiofisUERIEE % SintreEriibist? 8 péstiial preference is taken into consideration in reaching a
clinical decision. As such, under the existing medical system, patient care becomes increasingly
difficult when multiple variables are inlusoUvppz el ey Vibnan@iacks a system and method to effect a
multi-dimgmsipnabanalysiskmwhishs:dargesehof Dinmarkers af erasee de-aid indhe.diagnesis,
prognosis,apg; teatment:ef.a clinical-uieome.af the design and axeeution.of. a-¢linicalitrial. [0003]
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paradigm Bfpatiefiticare gt riakes Higiiariataediraipsestendmia’ Rraesirmiereleaidsitm would
provide rapit aetessaeiformatibnicharacerizing ik cab decofmecthnd<hgt auteimdatiealyalinking that
informationathioughicustomized temmunicatioh ichdnn élsdsentiviat thandesire demedicdlattions (adaptive
dose rangingmehnical-dgcisiendarakingand saiforth) can be performed. Also desirable is the ability to
integrate {fgimation framandndividualis bioad.tests withatherpivsiolagically selevankiactors, and
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future of BRYGY! ?e‘éeﬂ’nﬁa“éﬁE“déﬁ’é}%ﬁ&%ﬁ%ﬁ‘é%rﬁpf@%@y%?ﬁe&%‘é BafsArCufan itttediated
infrastructuiegiltvarsine dhatadirinie; hoak-ofioare corsmrserbivot mofitdrngdé viekswhich analyze a
small bloodsampie (engneSOBalleSouln@bind & Wt eveln legsiand vireéiegdlyitrangribit that
informatiande:a databasawhichintagiatasdeaktine datapwith.stoned-data fram dispasatesdatabases
(patient regekshicgenealichgenenuis.infermalion.datafmpivotatdials)inte.Qnacential rgpasitory. The
system then,allows far the automatic application of multivariate, multidimensional mathematics to the
data repository to perform specific commands or tasks, e.g., mapping real-time PK/PD dynamically in
the context of the pathophysmlogy of agiveRMmsdica!l fARGHIRR; 100051 In another embodiment, a
system o h&!fb% pr?’u% ém cl)gl\iéleen ’Jng arnesebn? 1Hv%%9)ntoselml?g%¥oe (tibea Ilr% 1et2£|11011]:f1c$ ugguv%%m 1? Ougoh aq%Q tive clinical
studies w ch generatg publlcatlons f r label expansions for new in I_lcatlons atlent sub oC!ouIatlons
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mon|tor|n{fsﬂ§s&‘é‘1g1ﬁfﬁ|?f‘§ﬁflfrﬁﬂl|‘Ef‘é’fi’8‘ﬁ§}\‘ivﬁ’r“’é‘f‘f‘éﬁlb% ?ﬁ’fé)fténd’éfﬂ%?ff‘i %ﬁﬁﬁﬁwwwn&rﬁﬁ%lse not
available HFGOGE T YSE BPtheesmveAtisaal tbariterytedthingd foutoFactBrdif to-an: dspect of the
present invertions thereiigephovided danedicalonforfiation systemgrthemadicalunformatiohisystem
comprisesda)ign-irputideviggidor«eceiving subject data and in communication with a processor; (b)
storage unit in communication with the processor having a database for: (i) storing data corresponding
to a probability space defined by a set of discrete clinical outcomes, each of which is characterized by
statistical distribution of at least one biological marker; and (ii) storing subject data corresponding to
the at least one biological marker; (c) a processor that calculates the position of said subject data in
said probability space as a way of assessing the probability of a discrete clinical outcome of said
subject; and (d) an output device that transmits information relating to the discrete clinical outcome of
c) to an end user, wherein the subject data represent measurements obtained by a point-of-care
device of the at least one biological marker present in blood, wherein the measurements are taken at
various time points to yield a trajectory within the probability space, wherein said trajectory represents
a time series of the assessed clinical outcome. 100071 Non-limiting clinical outcome that the system is
adapted to predict can be selected from the group consisting of but not limited to: complete response -
(CR), partial response (PR), stable disease (SR), non-response(NR), adverse drug effect (ADR), and
drug toxicity. In using the medical information system, the end user can be a medical personnel or the
subject himself or herself. In some instances, the end user is from a pharmaceutical company. [0008]
In one embodiment, the processor of the system calculates the position of said subject data in said
probability space as a way of assessing the probability of a discrete clinical outcome of said subject.
100091 In another embodiment, the input device of the system comprises a touch screen. Where

desired, the input system can comprise a data entry portal or a keyboard. The subject data to be input
into nroceccad by or trancemitted ac an oritni it by the ovetem can he tevtiial nitimeaerie or a cateanry
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100111 In another embodiment, the medical information system comprises an output device having an
automatic alert system. The automatic alert system can be programmable by the end user. Where
desired, the automatic alert system is programmable based on a predefined protocol for a clinical trial.
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another embadipeatidhe stefageiuritehthe.sysiemisioreshisioricalifeference . datawnfadplirality of
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parameter, and genomic Information. The datapase can be public, intarmal. 015 IRe"end user of the
medical infSFRATION SYSHERT Can s HeSH iR piathye ittt in oo aintdtion diéaln
Maintenafée 5Fgeirzation (EROY O KL CBFhY 6 ArstreT e he it dpiadentiflention, there
is providetheryireitbeifsrchhracleriz iy sthéprotsabyilfiyzof healiveairo bitteiménafkansisbjecteFhe method
comprisesitheistepsiof (@)icoristid ctitg: dzprobab hitpbpacedefinetpyr asseipfidisereieiglnical
outcomesjierehiafchiehis ahanactprized hy-a statistcal distdbutionofatleasone bialegical marker;
(b) obtaining.aubjesi.datd cairaspandingto ibe.tdeast one-hiolagicalmarket: () calculating the
position of said sihisct dasan saidprabakility space.Jherehy.charasisizing the.probability of the
clinical ojcome of.said SHRIRCt A epeaing steps.0 800 ¢ AL vanous Ume, painis. lo yield a trajectory
within a probability space, wherein said trajectory 1s Ingicative of the likelinood of progression to the
clinical outcome. [0017] According to yet another aspect of the present invention, there is provided a
method of &Aratiterizifte 4 BhtivarEaiEs Fievsra 'sendto tielmerisacts Sraitiee ) Comstucting a
probabilitytSpaeelinitdify s sefe rewhe e, theip robabilifs petedisdeffie dby-asetddiderete clinical
outcomesireatirafiiich ieharactérizedtipyrtdeastatistical sgistrilbution:of @bt the heast gnenbiological
marker; (b) eniefingidateo0f-a:subjeat intadharsery ek saichdata-cauaspangding to the at least one
biological paiker; {&)salamlating the-pasitionel-said.subigctdata insaidiprrahahility shasedhereby
characteriging dhe.clinical.auicamenfihe. SHRIRGH: AN SERRAHNY SigRs b and c at various time points to
vield a trajggipryiwithin, a.prabatility space; wherein, said rajectory s indicglive of the likelihood of
prereSS'?Qtégctarﬂ%od'ngglda%Eég‘?mf' ;-%27%1 I(pq%omg etmltogdtl)ments_, In practicing _?]é sub ect _methods,
at least stéps’b'and ¢ are fepeatbd At Vaffous time Pemt 18 yiel S traesR! Witk spioability
space, wHEFERISKi 4] ECER T Tt AHRETY the' fkBiNGsY Srisfoffesdigiria tracdnfieaiidtcome. The
subject metHEd§ERREHHpTise the step of notifying a medical personnel or the subject of a need for
taking a ni€ditallastiormigpen hssessidgeorcharacterizing thiépositiondidaicisudjectdatanin said
probabilityegipece:. Inssemsdnstancessthe-medicaliattionnvolvas atleast oneraatign.selgeted from the
group consisting.ehaltesing adosageafian gxisting.lherapeuicagant adminisipredta.saidsubject,
administering A different, atberapsutic.agent:And administering. adiffsrent.combination,pf therapeutic
agents. Nofification of 8 medical action can be electronically transmitted, e.g., wirelessly transmitted.
The subj g&lrﬁet nodsthcan Lurthert cﬂcl)mnpgis?,s%p tof, upon selection of the at least one action,
performir?%g OULCOME SRANSIaTOr ASSEaaing & Fastit B SRR Sott Sy SRt A A it tically
updating 8 PrEBabifitF 8P4 uiseraté RIS FOEEMECdY S ané dije i fodeaTabe SHaRIt¥Enother
aspect of P& PreSERP B AEShothEre T p PR &2 ebitibuter readable medium comprising computer
readable instructions, which when executed cause a processor to: a) provide a probability space
defined by a set of discrete clinical outcomes, each of which is characterized by a statistical
distribution of at least one biological marker; b) obtain subject data corresponding to the at least one
biological marker; and c) calculate the position of said subject data in said probability space to assess
the probability of a clinical outcome of said subject wherein, the instructions when executed further
causes a processor to provide a user defined alert condition based on an assessment of trajectory
parameters of the subject data in the probability space, wherein said trajectory parameters are at least
one of speed, acceleration, direction, and position. In general, the instructions operate in a software -
runtime environment. [0019] In an embodiment, a method is provided herein of predicting the
occurrence of a medical condition that requires medical intervention, the method comprising: (a)
measuring concentrations of a first set of biomarkers present in a subject and measuring one or more
physiological indicators of said subject at a given frequency, wherein the first set of biomarkers are

suspected to be predictive of the medical condition; (b) based on the concentrations measure in (a),
nenaratinn from the firet cat a critheet nf hinmarkere that are more carrelativie with the oecciirrence of the



[0023] In yet another embodiment, a method is disclosed for characterizing periodicity of a clinical
condition of a subject, the method comprises: identifying a set of biomarkers for a clinically relevant
condition; obtaining longitudinal subject data corresponding to at least one biomarker in said set to
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dosing regimem oidanthecdosighadc tohidiactetizearioptimal«espandée:poepalatioreipaome
instancespthesmeastiring the:distance siepreomprisespreasingthedvabalanabissdisiange between
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appllcatloﬂ?tf?ié‘ﬁlfi’bned in this specification are herein incorporated by reference to the same extent as
if each individual publication or patent application was specifically and individually indicated to be
incorporated by reference. BRIEF DESCRIPTION OF THE DRAWINGS [0027] Many features of the
invention are set forth with particularity in the appended claims. A better understanding of the features
and advantages of the invention will be obtained by reference to the following detailed description that
sets forth illustrative embodiments, in which many principles of the invention are utilized, and the
accompanying drawings of which: [0028]Fig. | illustrates a general representation of the Mahalanobis
distance method and the representative ellipses. The figure also includes the Mahalanobis distance
mathematical equation. [0029] Fig. 2 illustrates an example of the results of a cluster analysis of a
clinical outcome. [0010] Fig. 3 is a flow chart illustrating an exemplary method of assessing a clinical
outcome of a subject and assigning probabilities thereto. [0031] 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. [0033] Fig. 6 is a flow chart illustrating an exemplary method of alerting a user to
assess a clinical outcome of a subject. 100341 Fig. 7 demonstrates a method of establishing rules for
a probability space of clinical outcomes.



10[00351 Fig. 8 illustrates a graphical presentation of rules for a probability space. [0036] Fig. 9 is a
flow chart illustrating an exemplary method of implementing a mathematical model to assess a clinical
outcome. [0037] Fig. 10 is a flow chart illustrating an exemplary system comprising a server for
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mformatlop al el 0 a% S rors é n;lt at is capable of converting the In ormation 6r data to a
physmlogmaﬁ\ elevant conte TC 6§§ §. ‘1% §émonstrates an exemplary system of the invention,
wherein a${& Ith%%ff@“ﬁﬁ%?&f"ﬁij &y&temh ‘86@?3%&7??5?5: iffradtiRddre rsdsE spdtgeiitins, and
software APPHEAEETE U TIPFOPERITS ﬂ%@?@t?ﬁ%@%ﬁ“@)@ﬁﬁﬁ?yfﬁ atarradegnivbtisingean ontology
of biomarkersdhat wref fetated sormetypesol rMetlita donditionsy [GO4tiFdrigribdidustrdtesthe an
exemplaryiiigirarchycofta healthgareioperatingisystena afithednvention: wheseindhecentrahoperating
system hassascassidaugdatainitasiieiung aned manitonng-devices: fonebiaining.suhirci.data. 25[0042]
Fig. 15 demanstrates.ahaxsmplan.sisten.aidheadnwenionwhereinan analysisdatabage.can receive
'nformatlogsigmt%%@m%m@mkﬂgs&%aeofgta e [Radar.or.cartdae database, hlstqr'ca' databases,

a patient da}tabase 113%2 can ¢ %Qctﬁ'?ue%%% en eremn ¥,a agetr}ll aprd a custog1er daffabase 043] Fig. 16
illustrates exemp ary rajectories of two Subjécts i a Bamf‘@%‘ﬁ%@? SreSehting Broctate rawer
discrete cfRICATBlitcomes. 30[0044] Fig. 17 illustrates exemplary trajectories of two subjects in a
probability’&iThce répreksitiftgicnfiearottesrh de s o Mot Hersiipirgese peis|ooWsPriy: 18
illustratesrexempldiry trajectoriés ofttwicoubjectsaprotrailigropacedfepre shef hiredital wendition of
diabetic subjeti-usidganinsulinmsensitizenogic] 0R4GHEigsdSitiustratesea methed-ot-graghisally
representingratiaieetory afhsttjRck gatainBh-prabkakilibispasadindwordimensians.n[0Q4 7] Fig. 20
illustrates g, methad @Jnga@@rﬁm%lIysx;@@{%{saa#mratﬁaamgwc%%bmaw&mn@nmhﬁml»,wcépace in two
dimensions, aRg ghbeepa%w@gb gho%rg@&@mt%si&m'agngm;%% @J';aggg,'ngguct&%m iR, 90481 g. 21
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[6020] In some instances, a method further comprises analyzing data reflecting the concentrations and/or the
physiological indicators with multivariate statistical software. In some instances, the hiological markers are present in a
biological sample of said subject. The biological sample can be diluted by an appropriate fold to ensure, e.g. the
appropriate range of concentration level is detected.

[0021]  1nanother embodiment herein, a method of monitoring sepsis development of a subject comprises: measuring
at feast two parameters selected from the group of (1) body temperature of said subject, (2) protein C concentration of
said subject, {3) interieukin 6 (IL-6) concentration of said subject, multiple times to yield a trend of temperature,
protein C trend, and/or IL-6; and wherein an increase beyond normal body temperature, a decrease in protein C
copcentration and/or an increase in IL-6 concentration is indicative of the development of sepsis in said subject. In
some embodiments, a decrease in protein C and an increase of IL-6 can be indicative of the development of sepsis in
said subject. In some other embodiments, a decrease in protein C and an increase of 1L-6 and an increase beyond

normal body temperature can be indicative of the development of sepsis in said subject, in some instances,



[0049] Fig. 22 demonstrates plots of the cluster calling statistics versus the hypothetical number of
clusters. [0050] Fig. 23 illustrates markers of clinical effect with the segregation of the marker space as
a function of dose at the end point of a clinical study. 10[0051] Fig. 24 demonstrates patient data
showing the.seasenalityef twadvpe % biomarkers overdime: {00221 Fige. %@%%@&U@J%mﬁme series
of a blom?{rl%&( Y&}J Hl%h\é]e 5§tla§§:etqg 'é'f?!&ﬁ m(gg qh&ﬁ]o%: %rc%g){n%gvgr{ enﬁatlLQ%Sélll &c ]S m m\gené%ates the
relatlonsh tr’%t]"‘ée?q aram ebés Cﬁ%egd frgn%] mgcgolatm thlSJ?% gen eve S ‘[Qneasureg over time
and/or and the time-to-spike. 1005 S e L TP bata concentration varags’ tifa"point number.
[0053] F.dLés‘wsfé“gmméﬂttecgea%‘iﬂ%1%iﬁ%ﬁ&ﬁae%ﬁtﬂrmﬁé%we%ﬁgéf.fﬁ@f?ﬁ%?rﬁ P& 10056] Fig.
29 is the IP-BEBHcBATAHBA VeFsO S ANEPoIRt I rMBErdihetsin Patertsrye édriesépeies [6057] Fig. 30
is the sandptertotsant flecfolt-ehaigeifor be@rverbugitimebpaintmumberdvh eteiam@@patient 4 became
septic. [0088]IFigls3d-igitathFdiFsalphiadiontentratian vessasdimepointnumbes{Dooaikiga32 is the
sample-torsampladeld thaugedfer: ENEsalphaugrsus i eqpintRumbers {60} Fige33-diustrates the
residual plojderdRatiant axhn.bas & fevel.snikeandme Q@ﬁmﬁmgﬁgk@m&mmbﬁgﬁ 34
demonsirgigs, @qgamﬁeq%Qgt%ﬁﬁmvwgo%mg%msmchg;m oAy tra%ésgt'ng 1L, lusgprior to

fever spac ect dat % ect therel racte n thf: mech 1-3::0 on o Ir}cs:u and the cytoldnes representlng
each pheno %gfﬁl 8 nyof 10 §? 5emonsfira et fhe sy's em uses an equation that is
anticipative %‘fp 30bEp4I8 ﬁéfﬁ’é‘){h&%@d&f&& Mé?’i&t‘é‘h%bf&aﬁfé%é’%aﬁﬁﬁ&ﬁ it B &YELia Probability.

[0064] Fig"Bs5iftistrate oamrapHenitinge B Pnrdis B AERS Pt radfér L atieres disdpsis trial.

subject data corresponding to at Ieast one biomarker in said set to obtain a trend of the subject data; analyzing said
trend to identify periodic changes in the at least one biomarker; measuring values of peak measurements of the periodic
changes of the trend; and characterizing the values of the peaks thereby characterizing the periedicity of the clinically
relevant condition. In some instances, the analyzing step comprises developing an ARIMA model to determine a
differencing lag in the underlving medel. The differencing lag can be used to de-trend the trend and establish a
stationary trend. In some instances, the analyzing step comprises calculating an autocorrelation function and the
measuring step comprises identifying the statistically significant pesks in the autocorrelation function. In some
instances, the ana}yzing‘step comprises calculating spectral density and the calculating spectral density is performed
using a Fast Fourier Transform. The mcaéun’ng step can comprise identifying the power spectrum of the maximum
spectral density frequency.

[0024] In an embodiment described herein, & method for monitoring subject response to therapy comprises:
obtaining fongitudinal subject data corresponding to at least one biomarker in a set of blemarkers for a clinically
relevant condition to obtain a frend of the subject data, wherein the subject data is obtained from a subject receiving a
therapy; menitoring periodicity of the trend; and corresponding the periodicity to a response to the therapy received by
the subject. In some instances, the therapy is a periodic dosing regimen. In some instances, the response to the therapy

is characterized by 2 time-dependent behavior of peak levels of the trend. In some instances, the time-



[00661 Fig. 39 illustrates a bivariate time course of two particular markers (protein C and C-reactive
protein) lathe same patient. DETAILED DESCRIPTION OF 1UU INVENTION [0066] In one
embodiment, a method is provided herein for characterizing the probability of a clinical outcome of a

subject. The.mathad coMRLses.thesiaRs:ol(a)censiructing a-Rrabability shass. definegiby, a set of

discrete %lé%ﬁi%! 8&!59%@1?%&%&%‘&‘4"@% rsIg ngr%%tg(%%g t?b{é a statistical 5 distribution of at least one
blologlcal ke ((Jp)cggxtgmmgas%@ecjts ot ta correspond %Ct%thgtgg L%arst one bolo ical marker; and
(c) calcul al the position of sai ata in sai pro fify spac§ *here Cimfla acferlzmg the

probability’ S BHE Qi ERT SR EBRE 8fa ?‘apé‘fﬁ‘ﬁ ject: fb@%‘%?‘](’ﬂﬁﬁgtﬁ‘élr\“ﬁ"fﬁ@“ﬁ\aeﬁ%ﬂ%"ﬁ@}‘érﬁf“ bne
generally URTZ7&8PY §8t 6T BidTegiariariker §(&ise refetread wyrehsifas Biovarkerdytdirdht to a given
clinical odteomeouirrordenttexiemdrove tvertOralialsilitsrdHn: deour aeyeofee mathenralicatieaieedation,
biornarkesstareselecteid-besecwptrnomudty asiate: statpstiosifromidatenperiaming i@eghinicaé outcome,
whether itheinguiersexampeng disease:ota-meslical:precedyne o Rsame-mbosimants.discriminant
analysis isfetfermed iR delermingdhe.mastFelayant DigraL carsRErAINREIQ &m&@%g&medicai

clinical 0%&9@%@@%@%9Cﬁmcagpl%l;d@ zm,ﬁmgﬁsngomg&l@ ggmlgtypr%d'}%@g & peghirence of a
medical 1\]'3 condition that regyire intervention the m%em%c&)mpnswg%& easuring

sters to predjet the climc re evant atlons T1.SOME INStances het contprises” entl ing a
concentratlons Ofp llII’St seto |omar e S resent Inasu éjec*t ana measuring one or é

physiologiEaMRdidAtsrest: °3‘?8g§‘iﬁ%j%3‘ﬂpé‘iwéﬂb°\/‘5 T rEGUET TEHES thE e Lsror Bf&‘?ﬁe@ﬁers are
suspectedfFHE ﬁf%&bfﬂ?é%ﬁﬂ?éﬁﬁ’ééﬁt‘?ﬁl“@@ﬁﬁ‘n&ﬁ {BPASEHFEhtREEonEsnfiatsiis tEatre in (a),
generatinepfronthesfisicsetzs subsetafbio hrarkers thbt afesrroscorkchative iwithrdhécodcieirence of the
medical 20:stendition andioraingw fréqhie neytiof dhdaistiement of:taeibibmarkers; anekid)smeasuring
concentratinns of thevsubsetiob (B)-ardionfeliowmingthe-nassfiequeney.ofsteasuteraenihgfrone or more
biomarkegs.thetehwRrediciing.thaescuianseobiba.medisrlcendiion. JQ068] Rluralitiesof discrete
clinical oqﬁgggaﬁﬁngamamee&g@é%;@g ﬁ%mu{ysﬁg h@ﬂ%@@d@m{% %@gqm% m%%amm tion are

plotted N ?haeo mann ﬂ set of values of the b orxgalr ersdare 25 ch O ent ret e most
21 msta ces the Cciasurm%t e distance sieEJ O11] ns smeasuni}'e clide 18T eas] F'estmct .

representatlve cl each clinical outcome e mathematical methods escr rein
probabiliti s &t a8 288G &R IS ELER" %&F’“ : Steﬁn|C%F%"lﬁt&magﬁhdﬁ%nésgfé?’f&f"fg‘ﬁﬁ&%et of
values of bH&e e biomarkers. A probability space can then be constructed by plotting the probability
of any set of values of observed biological markers within the geometric space defined by the plurality
of discrete clinical outcomes. 30 [00P) MBS ARG IFFENrfsome instances, mathematical
modeling HE8LribE $ itisathpn arhhetstareoftans yseaencdlin Somesifratantelethidmoiels biselfaewystem of
equationsaepreserntme dutcomieipalarmetérs shiomarkéranddrugiteicedtigtisngaindtre tike over
time, Such: eaquptieasmighide simple enough to solve in closed form, yielding an algorithmic formula.
However, in some instances, models of human 35 disease can be too complex to permit a simple
closed form solution. In some iNskERIEE HFATIRMION @B THE DRAWINGS

{0027} Many features of the invention are set forth with particularity in the appended claims. A better understanding

of the features and advaniages of the invention will be obtained by reference to the foltowing detailed description that

sets forth illustrative embodiments, in which many principles of the invention are ufilized, and the accompanying

drawings of which:

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

The figure also includes the Mahalanobis distance mathematical equation.



described herein can be projecting numerical solutions forward in time, also known as termed
predictive biosimulation. 100721 The objective of cluster analysis is to group observations into clusters
such that each cluster is as homogeneous as possible with respect to th%gll‘%% ¥ga.ir ,?bles Any
conventlonawaﬁg?gﬁl%%g%galgorlthm may be used to define the discrete set 0 n|c ou comes based
upon the recognized biornaricers. Besides the Discriminant Function Analysis, there are many such
algorithms, such as "Single Linkage," "Complete Linkage," "K means," "Ward's Method," or the
"Centroid Method." Additionally, one can identify clusters using "Decision Trees". These algorithms are
well-known to anyone familiar with the an, and are available in standard statistical packages such as
SAS and 10SPSS. The clustering algorithms group like objects together, and keep unlike objects in
separate groups. [0873] 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 15 Analysis (inow#ieh anR-dsade chsingoraocalod erlatinnship dsiasscwired), Self-Organizing Maps
(SOMs), Support VectenMarhines (Gaiiesnsen ekdiguraiidetssEachiig-trpattern recognition technology
using multivariate desefipteraseaiorssitrrichraubjects are classmates to more completely manage an
adaptive clinical trial. 8017 &} Otiver{echniyoesbiistinest Hesmretitbparameter space include several
conventional 20 methiéds, Wi@mpﬁ%fm@ﬂﬁ%mﬁﬁ@%ent based nonlinear optimization
(Mendes and Kell, 1988} Thkigfaptiie dbmeme-rsypras R dbsied s foblems that can be
converted to linear regtessitrproblems, and are generally not amenable to closed-loop learning as
they require human int&f%EatdatEattr =ity rAaiE BB FTrsHifiEar optimization method does
not have such a restrittitit however it does req‘uwe information about the error function with respect to

the 25 parameter Bttt e ;ﬂg{%’éﬁgﬁ"%ﬁgﬁ %%r?il/"f“ﬂ“ fmtﬂd’ri’ocaﬁy miima. a. Evolutionary algorithms

including genetic algo{ro%ﬂm§ eVaniGeha prgogréi?ﬁ |ng geﬁ%fm i‘gogrammlng and their variants

el massmsac

(Back et al., 1997; Mq"B £l . ?@527’“ dwards et ?;mw%phave been applied to overcome these

l%ma [ow chatt
limitations. [0075] In some. |gqmgtgngces tom@cgt ccoun or the dynamlcs of a biological system, the

equation systems lgllsqdd,g?gg g%g@geggﬂgmgg afQrdinan.differential. equations which raleulate
the rate 30 of change gf;a.Riglogical. eptity.QueL e fixad.tme. segment..thatauantification is a function
of the state of the sysfgm . alihelnstanhohkanalysic. answekidesdeimsor all other entities in the
system that might affegbéhal rale-af-ehanga 90461 a-manm nsianeas.Aseesgrived herein, biological
entities of interest aresfauachinbleod-campHsingdujnokimkecta.giaaiating proteins. In the modeling
space, the time rate ofpmhamnge ei.3beackhsbioiogiant entiyniscallecthedesivative and is quantified as
the instantaneous slope-ei-therbiolegiaakantity's concentration curve in the time domain.

{0041 Fig. 14 illustrates the an exemplary hiersrchy of a healtheare operating system of the

invention wherein the central operating system has access to a data infrastracture and monitoring

devices for obtaining subject data.

25  [0842] Fig. 15 demonstrates an exenplary system of the invention wherein an analysis database can
receive information from a database containing data from a reader or cartridge database, historical
databases, a patient database that can contain data entered by a patient, and a customer database,

[0043] Fig. 16 fllustrates exerplary trajectories of two subjects in a probability space representing
prostate cancer discrete chinical outcomes.

30 {0044} Fig. 17 illustrates exernplary trajectories of two subjects in 8 probability space representing
clinical outcomes of a subject developing sepsis.
{0045] Fig. 18 illustrates exernplary trajectories of iwo subjects in a probability spaoe representing
the medical condition of diabetic subject using an insulin sensitiver.
[6946] Fig. 19 illustrates a method of graphically representing a trajectory of subject date ina

35  probability space in two dimensions.



[0077] The value of any selected target biological entity at each selected sampling time point can be
calculated as well as the rate of change for every entity-in the sampling space This can result in a point
estimate per biological entity for the derivative in units comprising but not limited to a change in
concentratioW%%?‘%ﬂﬁoﬂPﬁe. 5[0078] In some instances, a method can utiﬁ'geu[g\?(%ﬂg%/f}r?fg Zé%pes along
with a K-point model fitting regression equations through the last K observations, to estimate the first,
second, and higher order derivatives, for example: dP(O/dt f(P(t), {other proteins, cells types, etc.},
model parameters) where P(t) 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 nu 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 lI(t) = [PA), P2(0,...PH(0] where N is the number of proteins
chosen to sample, anghtPs: £icn):LRcOmes S pakix-sran); Reltnylkhasystam parameters become a
vector as pawn. [008Q}Eaexanplneciens antedate s 6f @ach-Bdidsimdhasector II(t) are captured in
this vector form. p(11lwaalaracterizes the functional coefficients of the matrix M. The system is linear
when p does not depaend: or. 11¢E-er-en dme. shiveisisstenes inearigrd-pakaimetrically time-dependent
when ft 20depends otkrafoviarias trrearhyrwlitlelimi@. pm) In another example, the system is nonlinear
when the clearance réfWscFiafges-viith trndiartie aff0eBR] repiteserttbrmiardgulation or
down-regulation in tinfss®he system is represented but is not limited by the vector equation: 25dliftydt =
MORO; 111(11(0)* [0BBY]ir 3 éraroterer eekirpiés thetasrarrm Stargrnitityical systems has a level
of specificity which is BHFRIFEF FHam &RMHSHER) Bsimulation system. Every entity in the system will
typically act on a Shalf*&ti5&et SPotrsERtiie R s e ot T Edifies the rate of production

of protein 1 by bindin t’ﬁ.:';o a ,c%lldsurface receptor 9“ an ahcl:tivat%dfeffefctor thceII . The concentration of 30
protein 2 modifies the L%%]e St proguction of rotein T When & third protein acts on the production of
protein 2 the rate of p f&ﬁ]’ gltglg n.of protei pm%ﬁgngg) ends LQQ&&%QE%%& th gcilr%u;gof production of protein 2.
15 pyrogen levels measured over time and/or and the time-to-gpike.
8854 Fig. 27 is the IL~I beta concentration versus time point mumber.
[8655] Fig. 28 is the sample-to-semple fold change for IL1-beta versus time point number.
[a056] Fig. 29 is the IL-6 concentration versus tirne point mumber, wherein patient 4 became septic.
[B057) Fig. 30 is the sample-to-sarupie fold change for -6 versus time peint number, wherein
20  patient 4 became septic.
[0058] Fig. 31 is the TNF-elpha concentration versus time poirg munber.
[0059] Fig. 32 is the sample-to-sample fold change for TNF-alpha versus time point number.
[0060] Fig. 33 illastrates the residuai plot for Patient 5 who has a fever spile and no decreasing
markers.
25 [0#661} Fig, 34 demonsirates Patient 4 data points showing decreasing Protein-C with increasing 1.~
§ just prior to fever spike,
[0662; Fig. 35 is a schematic of the Thi-to-Th2 swifch and the cytokines representing each
phenotype.
[0063] Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
30 sepsis using the Squared Maholanobis distance equation and Bayesian Probability,
[0064] Fig. 38 illusirates a graph in time of a plurality of marker proteins for a patient in a sepsis
trial.
[0065] Fig. 39 illustrates 2 hivariate time course of two particular markers (proteint C and C-
reactive protein) in the same patient,

8-



100841 The equations that best represent the above example in this biosimulation system are: dP
1/d1 =P3(t) dI35/dt -onP3(1) dPildt = 0 [00851 bn these exemplary equations, the concentration of
Protein 3 is constant and the rate of 10Protein 1 production is an increasing function of the Protein 2
levels, factortd fﬁ%’fﬁ”ﬂb. In addition, the levels of Protein 2 are a function'fAté418t&M 2 is cleared
from the system, in this case, proportionally by a factor v>, and the effects of P3(t) on its production,
described by a factor fig >0 and is parameterized by the vector (012 022 023). Any triplet vector can be
used in the general case to generate any family of trajectories in time for Proteins 1 and 2. Protein 3 is
non-varying in 15this model since its derivative remains zero. [0086] By measuring Proteins t and 3 at
each time point in a monitoring period, values for Po (t), and P5(t), and estimates for dPildt and dP3/dt
are obtained. Pit) can then be solved and constrain the solution set to a parameter vector (0'12 0.22
r23), which is defined by well defined algebraic equations. Estimates of both 112(t) and d115/dt derive
the state of the constrained system based on 20 point estimates as derived from the samples. This

allows for projecting forward in timgyheta.a madeldpigaiaremiblikely be at the next sample point,
and re-adjustment of jhg,MedelRaramelars:as.RecesSAY.ta-dyaamisfeadback self-correcting
system. [0087] The self:eareating.mechanism.andfeadhack sysiem. sanhedmplemented a
periodically sampled gaeasyiamert-spaceane thatimaedelralinesent.ansd re-parameterization can
take place at 25 eachssanple inteadicAdie r-each applicatieon:etthissait-aetreeting methodology, the
space of acceptable parameiskveciorsshauithhregin decanverge (i sopatientspecific vector that
projects forward in a peegietivertajeciomif0088l i systentsthabiclynamically characterizes patient
subpopulations basedtsn tinedshgitudinghsanplirvgbiydredietacpdotem-prafiles can use that
information as a TypetiomrsirkerterpeniymiEGthdiresearehe rsciertiat that the compound is acting
on the target as eXpectetly PHertmert arismreist akuum firutiacotmstemdaean also be researched for
whether it is acting asPERFEE A CrAfSAEHZAIG BT T Ty HAhTit "EM SFgemie of the subpopulations is
based upon their beh%“%ﬁﬁ?ﬁﬁ%iwmfﬁ@miﬁﬂﬁwm%n example, one population
is treated with the test SO TR SHET T TEe Y porticwlac medical clinical outoome.

[9968] In an aspect, a method is provided herein of predicting the occorrence of a tredical

15 condition thai requires medical intervention, the method comprising: (a) measuring concentrations
of a first set of biomarkers present in a subject and easuring one or more physiological indicators
of said subject at & given frequency, wherein the first set of biomarkers are suspected to be
predictive of the medical condition; {b) based on the concentrations measure in (a), generating from
the first set a subset of biomarkers thet are more correlative with the occusrence of the medical

20 condition and/or a new frequenicy of measurement of the biomarkers; and (c) rneasuring
concenfrations of the subset of (b) and/or following the new frequency of measurement of one or
more biomarkers, thereby predicting the occurrence of the medical condition.
[0069] Fluzalities of discrete clinical ontcomes, sometimes referred to as medical outcomes, fora
specific medical condition are plotted in & geometrical manner. A set of values of the biomarkers are

25  chosen that are the most representative of each clinical outcome. Using the mathematical methods
described herein, probabilifies of class assigrmment to each discrede clinical outcome can be assigned
to sny set of values of observed biomarkers. A probability space can then be constructed by plotting
the probability of any set of values of observed biclogical markers within the peometric space
defined by the phuality of discrete clinical outcomes.

3¢ [078] Model building
{8971] In some ipstances, mathematical modeling describes the dynamic state of » system. In some
instances, the models use 2 system of equations representing outcome parameters, biomarker and
drug concentrations and the like over time, Such equations might be simple enough to solve in
cloged form, yielding an algorithmic formula. However, in some instances, models of human

35 disease can be too complex to permit a simple closed form solution. In some instances, a solution as



35 untreated control. If the protein profiles of the treated population behave in accordance with the
underlying hypothesis as it pertains to the compound's mechanism of action, the protein profiles will,
as a conglomerate pattern, act as a Type 1 biomarker. If individuals within that population show
con&derablgv\?a%?g?ﬁ% M¥hoth the direction and velocity of the protein pro? ér" Y U}S’t{ﬁ’?gﬁﬁgof the doses
of the slower population members can occur and the trial protocol can be changed accordingly.
5[0090] A variety of statistical analyses are applicable for building a probability space or model. Fig. |
illustrates an exemplary characterization of similarity as measured by the Mahalanobis distance in a
two-dimensional (multivariate) space. The outcome of a discriminant function analysis is typically a
Mahalanobis distance for every subject in the analysis data set. The methods of performing the
discriminant analysis in this manner or similar manners are known to those skilled in the art. In this
10example, the data from two independent variables (for example, bioniarkers) are plotted against
each other. Each patient in the analysis set is represented by a single point on the graph. The distance
between each patientg hiomarlGer.paitRatliemandhecentaidolihe.cllster of data is calculated as
the Mahalanobis distapea.enddsLgpresented by the ellipses in the Fig. I, wherein the centroid can be
typically defined as tham)eansesiatalalkisdeppnientmeasesditie space-of interest. The
15probability that anyspasticiatpatient Belergs tecaxsitsiendonicteehereir-isginversely proportional to
the distance from the :pemtioid lefstine ieinsiercin dusnarthedlahalanobissdistance ellipse on the plot in
Fig. 1 is used as a meéastire. Bfigirhilbirtyibe tweenthieitio setenchindejdenddnt variables. This method
also accounts for noiséisg MretajpraprididediStrree (etfidigyd ssigitmgiprebdabilities of class
assignment for a particéiaripatiertidrabcdorstcyaizitce Bosdsyddsir tigumderlying clustered data.
20Thus this method cafraeebuTtftaet Hear ety e fohapiiysraté {@991] In conventional
clustering, one typfcaffFVorRE froTHE Histan &l firatirem e n stetrhessimmatity of every object to be
clustered versus ever§°Gther object. The process b begins with the creatlon of the distance matrix as
known to one skilled ' e a"f'”ﬂetsﬁtés‘ﬁcétﬂla Ff§<°of“’d“’ StRese ”’Fﬁfﬁ@ PSP BANR of patients must be
computed. Each of th& @'fsz?n(?‘éﬂgmﬁmtﬁ?m@n sﬁ@)&eﬁ G:am:m I %%?uné‘hon ‘6f the measured

biomarkers. The fi ncggag wou tamg1et e o mrgwa um o \% E@q e S n |stances for a given

al 0 ervatlpns:?or at variable. This sum

variable are, in turn, assum,o acgmg(f m&%gm&eg VCiU

also may be weighted, Eor.exampl @m@@& gﬁgggcmmqgg&g&ﬁg;@gé&presents a discrete clinical
outcome. [00921 The,distanse: matrix metric can include ealr.nlating a statistical difference, such as

the 30 Mahalanobis Qgﬁmr&@.@%@g@g@&a&%ﬂmmﬁmgmm&@ The matrix represents, in a
statistically rigorous Waysdthexsin lapbsetdyadpultivaialapatifims:i @mmutidiaensional space. Based
on these distances, Inwwdh@&l&ﬁﬁlgﬁﬁuﬂﬁduﬁaﬁ%?ﬁﬁompﬁbWMm%@%mz illustrates an
exemplary clustering methoshoéidefiningde diseteiecliricab sutepmesdicthisnexample, the centroid
method was used to detesiriresmultiplesetwseidsefemardcemnddie 3opatierns Each centroid either
defines or belongs to =tdiffe tentsekafdistroteigimicat auttomesihased e

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

genetic algorithms, evoiutionary programming, genetic programming, and their variants (Back et al.,
1997; McKay ef al., 1997; Edwards et al., 1998} kave been applied to overcome these limitations.
{0075} In some instances, to best account for the dynamics of a biological system, the equation
systems discussed above can be composed of ordinary differential equations which caleulate the rate
30 of change of a biolegical entity over a fixed time segment. That yuantification is & function of the
state of the system at the instant of anebysis, snd inchudes teroms for all other entities in the system
that might affect that rate of change.
[0076] In many insiances, as deseribed herein, biological entities of interest are found in blood
comprising but not limited to cireulating proteins. In the modeling space, the time rate of change of
35 each biclogical entity is called the derivative and is quantified as the instantaneous stope of the
biological entity’s concentration eurve in the tirne domain,



upon measured biomarker information. In Fig. 2, examples of the classification of biommicer patterns
of a medical condition include a partial responder class, a non-responder class, a complete responder
class, and an, aqz\ozﬂeﬁ%gorug reaction class. Every data point is related to 3 c%ntsroid of th class it falls
within The Centrold ¢an be set to be the point most representative of the c?aég%@ﬁ Rfter the
distance matrix has been constructed and discrete clinical outcomes have been 5defined by a set of
biamarkers, a probability space can be constructed from multivariate distributions (for example,
clusters) by applying a metric that accounts for the variance-covariance structure of the data. Based
upon the measured distance, a probability for class assignment for any observed biomarker pattern is
calculated. The calculated probability for any obtained biomarker pattern defines the probability space.
M [0095] Where desired, a probability measurement is carried out by way of a Bayesian calculation.
Other methods of calculating the probability for class assignment include, but are not limited to,
Nelson-Aalen estimation, the ordinary least squares estimation, the weighted least squares estimation,
and the maximum likejippad aslimation.Anatheraathadisdausesicasisiandee analysis and from the
measure determine thesliimale.peasitivity.aRd.sRe cilficity.ofthe derivedswa::15[0096] Fig. 3 illustrates
an exemplary method.saf dheipdentian o ild kg-a-nath emalis el lroagel formssessing a medical
condition. Based upos gxat-histery:aha medical condition, a user (for example, a physician) identifies
the relevant clinical owtenmes-GraticeRteschiie: paysiclogya wompourcofadiug's method of action,
andror off target treatmenteffectstare: theniutlized{® help-defme-thé Boidersof a probability space.
20[0097] A graphical &xesrple eftire probability space and the discrete clinical outcomes that define
the borders of the probability spries-disirthstraroe < Fity. <4 Bddreneider represents a different clinical
outcome. [0098] BionTAMCES thrategiaivho st ia rpa it fyfiser citsi el tEbinee 6f a given medical
condition are identifieB i A Tt ETFRS s R EE HEp R ETR RS e et fith e set of biomarkers are
classified 25 accordi I e e T P BB E SR et iHEEerEEnt data is most closely
correlated. [0099] Aftér THE TaTE SE R B i CrALE ey Sy EriMEr ARt /& SRT 6P tiscriminant function

r

. . e 0 linear, . . e . .
analysis and identifie La8 g'ljﬁlc"gleggt?omef%kth c.eraroid location of a clinical outcome is determined.

For each referencg pgwtgrﬁ{t)gﬁé;p&a [ r&%& %%Eé% %ﬁ%ﬁ?ﬁéﬁh .2 }fgfa(:i ;éﬁﬁg%fjclassiﬁcation into each
B il

reference clinical outcome i%a%m%a ¢ mgma Tror BIJ.IndIVIaiJaJ subject is obtained
corresponding that Ie%&pm&@m@g@m@%ﬁmﬁmpaxxiﬁ&%%mm model and its
geometrical position wighinthe.Rrohability, spacs.Js determinad. A distance.melric is then used to
detente the position of the.guhiect data with+eference taeach clinigalouicopme. In a preferred
embodiment, the distapes meatrc.ds theMalislanobis distance. For the subject data, the model obtains
a distance metric correspanding $a-35 eagitlisaiate G HEAAULCRINBges with time and
can
[00B2] represent the up-regulation or down-reguletion in time, The system is represented but is not
limited by the vector eguatior:
25 dRK(t)/dt = MQEI(); BEIE)* TI)
16083] In yet another example, the dynamic state of biological systems has a level of specificity
which iz captured in an exemplary biosimmulation sysiere. Every entity in the system will typically
act on a small subset of other entities. For example, protein 2 modifies the rate of production of
protein | by binding to a cell surface receptor on an activated effector cefl. 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.
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[00101] A statistical estimation method is used to convert the plurality of distance metrics into a
plurality of probabilities for the subject data. Each probability of the plurality of probabilities
corresponds to a discrete clinical outcome. In an embodiment, the statistical estimation is a Bayesian
estiroation. %"e%?ﬁ?éﬁ?%f probabilities is used as the coordinates of thePs"EJIE;JUeSCZIO Gt the
5geometric probability space, such as the one illustrated in Fig. 4. The position of the subject data
within the probability space is an assessment of the medical condition of the subject. 100102] Rules
can be assigned by the user (for example, medical personnel) to any point in the probability space.
The mien may guide the user in understanding the subject's current medical condition and guide the
user in selecting a course of action. 10[00103] The methods described herein can be performed at any
point in time during observation of the subject. Subject data can be obtained at various time points.
The position of the subject data in the probability space can then be calculated using the mathematical
methods described herein. The steps of obtaining and calculating Me position of subject data in a
probability space canheyrepeaied 4e ydalgandapstenmyitiamagsprebalilibespace, wherein said
trajectory is indicative of a time series 150f the assessed clinical outcomes. 100104] Trajectory
1001051M a medical condition progregsest.@ subject is typically monitored by medical personnel.
Monitoring can be preformed by running a series of tests. As testing methods and devices, such as
point-of-care micrgfluidic devices, b&¢bmieTfore: Féliable and accessible, data flout the patient can 20
be acquired and processed at multiple time points. The sequential structure of obtained data is often a
time series or a set of longitudinal d&t&btit may also be data that reflects changes that occur
sequentially with no specific reference to time. The system does not require that the time or sequence
values are equally spatEd™ et aerrtraunive Buramet® Tal e LTANGo R Vafiable itself. [00106]In some
embodiments, the'tim& €88 o HtAIRHEr SR E o a2 A 1858 B4 482" or 96 25hours. In other
embodiments, the tim%ﬂsﬂélri':e;gr ?3‘12 Bl %na’%TPZ’f‘:@Qis %ﬁ%’?ﬁ%ﬂfﬁg%’rmﬁ?%%ﬁ% . The time series can
also be over a series fﬁ%ﬁia?ré Ibgj’gﬂjw@éj;jgﬁgﬁi"5?‘85‘%5‘“ ?’Biﬁﬁnes V; alugeam le insight into the

. f d el 3 y triplet vector can be used in
progression or a me Ic(é:sg’ %e%ﬁ@guglflmilyofmjmﬂcs in time for Proteins I and 2. Protein 3 is non-varying in

15 this model singe its derivative remains zero,

[0886] By measuring Proteins 1 and 3 at each tirpe poirt in a monitoring peried, values for By(t),
and Ps(t), and estimates for dP,/dt and dPy/dt are obtained. Po(t} can then be solved and constrain the
solution set to 2 parameter vector (8’12, B2 P ), which is defined by well defined algebraic
equations. Estimates of both P(%) and d;’:fdx derive the state of the constrained system based on
20  point estimates as derived from the sampies. This allows for projecting forwand in time where a
model trajeciory will likely be at the next sample point, and re-adjustrent of the model parameters
s necessary in a dynaraic feedback self-correcting system.
[6087) The self-correcting mechanism and feedback system can be implemented in a periodically
sampled measurement space, and that model refinement and re-parameterization can teke place ot
25  each sampie interval. After each application of this self-correcting methodology, the space of
scceptable parameter vectors should begin to converge to a patient specific vector that projects
forward in a prediciive trajectory,
[0088] A system that dynamically characterizes patient subpopulations based on the longitudinal
sampling of predictive protein profiles car use that information as a Type 1 biomarker o verify to
30 the researcher scientist that the compound is acting on the target as expected. The mechanism of
action for that compound can also be researched for whether it is acting as expected.
Characterization of the dynamic emergence of {he subpopulations is based upon their behaviors and
the protein profiles they exhibit.
[0689] In an example, one population is treated with the test compound while another is an
35 untreated control. If the protein profiles of the treated population behave in accordance with the
underlying hypothesis as it partains to the compound’s mechanism of action, the protein profiles



or treatment. However, as the number of tested items increases, the complexity of analyzing the
longitudinal data increases. It can become very difficult to understand or determine relevant data
30about a medical condition or treatment. [00108] The longitudinal data ired fsour a subject can
be grouped AN or a trajectory to assess a medical condition. A%%%%ﬁ%oﬁép#ﬁg%
geometrically as an arrow where the tail is the initial point and the head is the terminal point. A vectof s
components can relate to a geographical coordinate system, such as longitude and latitude.
Navigation, by way of specific example, uses 35 vectors extensively to locate objects and to determine
the direction of movement of aircraft and watercraft. [00109) Physics and engineering fields are
probably the most common 'then of vector analysis and have stimulated much of the mathematical
research. In the field of mechanics, vector analysis objects include equations of motion including
location, velocity, direction, and acceleration; center of gravity; moments of inertia; forces such as
friction, stress, and stain; electromagnetic and 5gravitational fields. 100110] Velocity, the time rate of
change in position, is $hescombinalion-olspasd (Mestor langihiand beardng{vector direction).
Acceleration is anothekcQRuRenvecanaiaatib wiveRdsdhe-timedatesafehange of the velocity. Both
velocity and accelerationsarewoiiaiped:throueh Moctomanalysispwhichdsdae mathematical
determination of a veeissisgproperties and/or behaviors. 10[001111 Vector analysis of longitudinal
subject data pertainingto a-medicaleordito ne-eaibetistthdorundersterrdetireimedical condition and
statistically determinet diuissereterehn iba-einto rienpios 2Ry txdanipie’s themabrmal condition for the
individual can be obsetiraiechiyirplotigasl errafkerdeted fdrthetdiuiiaits Fiygsdtable, normal condition
will be a located in onegettbrishtia graphc]D o1 Ty ITHe ik S Horrai-condition may be
disturbed by the admifistatarbBT AU AT STITH S CHan g 78U SF condition. Under the
effect of the administ&FEHpAFRTER S MR tHE I TratErs A ottt become unstable and
move from its original BBt R GrApR ISR REW B S aBHE 1 ThEGrap $hen the administration of a

. . between sach patient’s by aftern: and the centroid of the cluster caicutated as . ..
pharmaceutical is sto é‘a, oﬁﬁgsem%ﬁ?éﬁcfﬁﬁ%deﬁgr@acg%%aﬁt%gm%thf]e In c|‘%\1/n|celzual s normal condition
may be disturbed agalri, WOic] h would fea 1 10,anott %ﬁj&gnﬁsp@o@%ﬁgon&tion in the graph When
the 29 administratjpn orapl af&%&%{}ic t‘imit%eg}%%edgmpepggghgg&% vce)rfmli}hg mgr@%gmaceutical ends, the
individual's normal copdition may. retukn 1 is.OHainal RAsHIRR.INIhE. AraPh hefere the pharmaceutical
was administered or t,g ReW.QL Ieriary-Rasitien.that is different-irem:keththe primary
pre-pharmaceutical pesitinR.and.the secandar-Rharmacesticaliasuiantnesition. 10011411n some
instances, biomarker yalues Gap-thange: Vet apidiy. slsthal .slandand-sampling 25 (for example, a
lab test) may missdargesehangesaisdacyabiany Mrapexangple, sepsis can occur very quickly when a
patient is using a phagwaceuticabaris.amenbereha phatmacautical.climieal trial. Many times, early
clues as to the medicahtenditterngtibe patient-are-notcern hesauseseurent testing procedures do not
occur rapidly enough.-Adsectirient testingrproceddies dretinfterablewittitracshort period of time, so if a
patient needs to be testesrferwidifforcunbdstordal ker bd deenr 30 physologidat parameter within a short
period of times (fot* ex@¥ipsld ot St S fror possibiériceriveiistiasults.

The distances for a given variable are, In tumn, a sum of distances between individnal observations
for thut variable. This sum also may be weighted. For example, each cluster of subjects potentially

represents 3 discrefe clinical outcome.
{0092} The distance matrix metric can inclede calculating a statistical difference, such as the

30 Mahalanobis distance, Enclidean distance, and Manbattan distance. The matrix represents, ina
statisticaily rigovous way, the similarity of two multivariate patterns in a ranltidimensional space.
Based on these distances, individuals are grouped together in a cluster.
[0693] Fig, 2 illustrates an exemplary clustering method of defining the discrete clinical outcomes.
In this example, the centroid method was used to determing mmitiple centroids of biomarker data

35 patterns. Each centroid either defines or belongs to a different set of discrete clinical outcomes based
upeon measured biomarker information. In Fig. 2, examples of the classification of biomarker
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[001151 Large changes in bionamker values can occur such that conventional lab methods which use
only one sample dilution level cannot measure the 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 35
overwhelme‘&’%ﬁ WEER e change (for example, greater than 1000- fold)wﬁ g"ﬁ%ﬂ%@ﬁ?@? 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 can report
results in near real-time fashion, therefore medical personnel has the ability to change the course of
medical action as necessary from the biomarker values obtained. For example, when an increase of
an anolyte between assay increases by 100-fold, 200-fold, 500-fold, 1000-fold, 10,000-fold, or even
5more, it can increase the dilution level used for the next sample (for example, 100, 200, 500, 1000,
10,000-fold or higher) in addition to changing the frequency of measurement of the an,alyte. [001.161
In an aspect herein, a method of monitoring sepsis development of a subject &ltemises: measuring at
least two parameters sglected.from.ihe araun.of(l)Redvdempsratiienf saidsubject, (2) protein C
concentration of said ghhieCh(R) KRG MHIN.L:( Lab 60 BERBLI BLiok: f Saldistibject, 10 multiple times to
yield a trend of tempesiatuss prateinLdien, anedar b toandmlierein aa.increase beyond normal
body temperature, a desieasedn-plotai L canacentkationandionandeiease in IL-6 concentration is
indicative of the develepment-0f sepsis ifr-saitysubjeck Asdeereagetndatotein C followed by an
increase of IL-6 can bedhdicativerafthedeyampmentcbsepsisorhsaigdeseiseat. A decrease in protein C
followed by an increasecst L&l fesd rpimtr easeddesporavvaim & SedytSreinperature can be indicative
of the development ofsepsistirkseitrseifoletd Festmedprstbicesmandideasrabout 10-fold, 100-fold,
200-fold, 500-fold, 10&8=f¢ttr=10 B&BLfoRE:*500,000-fold or more increase in IL-6 concentration in said
subject is indicativé of*ffie Yeverdpriehtty sepere sard Stpmeet frdRMffEhstance, an at least
about 10-fold, 100- folmﬁﬁﬁ%f&ﬂmﬁ“ﬁ‘ﬁ@mfﬁ“B?ﬁ%’r“é‘“ﬁfe”&%‘é“’i‘ﬁ%?otem C concentration in
said subject is |nd|catr\‘f§°bﬂﬁ‘és‘lﬁ‘@<7éfﬁ°ﬁﬁ%ﬁfeﬁ?s§“é’5§ mﬁ’@“r%"%%"fd“?@ﬁi%%oonnm an example, when

no significant event is occu’:'rrlng1 N a gghken?"?ﬁ?mwmg ctf’lemofjﬁSm o) af’ﬁome the measurement

frequency of an analyfm e re cg tm%%mg EQ?E:@;%L ﬁé e s St em grompt appropriate action
by a user based on prior resultgmfﬂ mgome nstances, it mdmm“w(@n systems described

herein allow for the szQALQQ ggmgxin;tlgmﬁcs the relevant clinical cutcomes or outcomes. The physiology, &
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 [6097] A graphicsl exanple of the probability space and the disorete clindeal outcomes that define
the borders of the probability space are Hilustrated in Fig, 4. Bach number represents a different
clinieat outcome,

[1698] Biomarkers that are most relevant to the 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 discrste clinical oufeome to which the independent data is most closely correlated,
[0099] After the data sets ave classified by cluster analysis and/or disctiminant funation analysis
and identified as chinical outcormes, the centroid location of a clinical oulcome is determined. For
each reference point or independent biomarker data point, 2 probability of classification into each
reference clinical outcome is assessed,

30 [08200} When data from an individual subject is obtained sorresponding to at least one biomarker,
the data is input into the mathematical modet and its geometrical position within the probability
space is determined. A distance metric is then used to determine the position of the subject dats with
reference 1o each clinical outcome. In a preferred embodiment, the distance metric is the
Matalanobis distance. For the subject data, the model obtzins 2 distance metric corresponding to

35  each diserete clinical onicome.



25 health 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 bX longitudinally
sampling bidod 2R HiEse samples a profile of key circulating biornarkers Car be catablished.
Specific biomarkers can be selected based on, for example without limitation: knowledge of the 30
disease process and its molecular pathophysiology, the mechanism of action of a given compound,
and its observed effects profiles. 1001191 Representation of a similar movement of longitudinal data to
that Previously described is illustrated in Fig. 5. At each time pointa =oto T = 9), the data point is
plotted in a probability space. The line traveled from one point to the next is a vector. 35[00120)
Diagnosis of the individual may be aided by studying several aspects of the movement of the
individual's medical condition in a probability space. The direction (for example, the angle and/or
orientation) of the path followed by the medical condition as it moves in the graph can aid in the
diagnosis, prognosis gfgiiealeaLAacisioR:Dakng.dkaaveRiRicakeuicome. The speed and
acceleration of the mouamentwfiihemedicakeondition i the graph:may:also be diagnostic. Also, the
position of the individugtsmnedisakcanditionmai-anipdepe ndankdimen.paiRt saagtself be diagnostic. 5
[001211Given that the-disectinn.andionapeed: etthedmouement afidhewxosmal condition in the graph is
diagnostic, one can ugerthetimeetipnanckar spaeceliihe inikialsnaoyement @f the normal condition to
predict the consequenitnswiegttionokthesnenmat comditidmn: egpedially if it is established that, under
the effect of a certain BigBRefon exsienp e torptitrmadeticatythereameiwnle a certain number of
locations in the graphrataiiekralit etk b rormeicotiditiorP il stabifidel 10[0012211lowever, in
some aspects of the irrpditiotebrothreinghyyiscarerisrétdiction of assessing the medical condition of a
subject are perforthied®¥Ptranfieder et gars st s MbhirnieRtRfedritodel provides an
educational tool and r@?d’f'ffb@?jfﬁ@f%i“?g‘. MRt rES AT e XESIAR RTELAYY of the invention for
applying a mathemati@%%’ﬁ’éfﬁ@ﬁﬁa? WP A e e A AP Braiiarkers and discrete clinical
outcomes correspond?'ﬁ”éfi&Weféﬂﬁ‘f“ B‘f’_ﬁﬁ%ﬁ?ﬁgﬁﬁﬁ ere’ pﬁ%b'l?éﬁcéf&f@ﬂﬁéﬁfrom historical data.
Data is then obtainsed%@?ﬁﬂ%@?ﬁ“ﬁ%sﬁ&g corresponding to each relevant biomarkar is

.1 } . . . . . .. .
measured. Data is pr oﬁﬁﬂ Xéﬂgaln“é?f?om the subject using a point-of-care microfluiclic device,

however, it can be objgined In any. manner. Each time the data is obtained a,distance metric (for
example, Mahalanobig distangcs) is.calchaies inLelation 19.each.centtqid ghtained from a cluster
analysis of the historigahdala &2 -0entids.seriesentine disciela.clinigal,outcomes determined
from the historical.lata..{QQd 2dl-Asdelowingdhe:flov.giag amd40.FHga8.dek each individual data set
through time, the prohakikfysaf therdataheionging ie.eaahalinicalouicamess calculated. The
probability is calculatesd.fsem thaddistanea-raeite usipgaisaiatisficahastimation procedure, such as a
Bayesian estimate. Baseg-eindhie gehyehealcutatedrprobabiiiies pihe positien of each time point of
subject data is assignedsnthe: 2Bprebabiity spaderabhetalcetationsis repoateds for each time point.
25 hours. In other embodiments, the time series can be at least 7, 30, 60, 9C, 180, or more days. The
time series can also be over a series of years.
[60207] The longitudinal data provides valuable insight into the progression of 2 medical condition
or treetment. However, as the number of tested items increases, the complexity of analyzing the
jongitudinal data increases. It can become very difficult to understand or determine relevant data
30 about a medical condition or treatrnent.
f08168] The longitudinal data acquired from a subject cun be grouped into a vector or a frajectory to
assess 4 medical condition. A vector is defined peometrically as an arrow where the tail is the initial

poiit and the head is the terminal point. A vector's components can relate to a geographical
coordinate system, such as longitude and atitude, Navigation, by way of specific example, uses

35 vectors extensively to locate objects and to deienmine the direetion of movement of aircraft and
watercrafl,
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1001251A trajectory or vector is then created by linking adjacent time points. The distance, direction,
speed and acceleration of the vector can be calculated and plotted for display or review. If the user (for
example, ph%%q"i(%g) %g;ﬁegm; the data to be of significant importance, t_he gg%&%}{ .%té'xéa,te an aIarm or
warning system and accordingly change the course of action for treating or 30 ' monitoring the medical
condition. After a course of action has been adjusted, the steps assessing the medical condition of a
subject can be repeated to continue to monitor the trajectory of the subject. [00126]Fig. 7 illustrates an
exemplary method of the invention for developing an alarm or early warning system for or upon
assessing the medical condition of a subject. The trajectory of a medical condition of subject and the
information corresponding to the trajectory (for example, speed OT 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 analysis, qualified medical personnel (for
example, a physician) can establish criteria for activating an alarm or warning system based on the
measurement of biornarkgmpaticmsdonman-dpdivdual-suhieekf0d13tk-khissnethod allows each
individual user to define: thenvakie: ancresiatcriietorag theysee:ti yboageasding to the individual user's
priorities, h is understesd that amchsuSeronpligdician way. iewseaich-madicatcondition differently and
the example method efsFiyy; Peacdumis for tresdidmererroeyi@8t283Amexemplary method of the
invention assigns progresiHidds-to each discrete clinical outcome. The progress lines may represent
different clinical criteri&f#iVesesnietiear eonuiineirsibiembpagseseveroPreferably, the progress lines
axe positioned and deteFRITFSH S PR 2 IO Teer S Y Heditarfséisdnnel. The user may
assign different Iocati@?ﬁeﬁ?mé‘jg?o‘ﬁfhé’&iﬁﬁ@é‘ﬁ%ﬁ'ﬁ SR tAE gUBTE ERI&EY istorical data of the
medical condition, or E@?ﬁlﬁﬁ”ﬁf% NN ARt e,"é?‘%’i’?ff’obabi_litx space with rules demonstrated
. 10 . [80211] Vectar analysis of longi subject data perta 10 3 medical tioy be used-to oy
as progress lines 8 il ot e A Eo P Or e ShIPIE T RS A Seron Of & stiBj&ct goes within one of
the progress lines illu “ﬁ%m%%mﬁmg@m?ﬁ% arr m%u?P ‘\iﬁ/m?lﬁfmsm em m v be activated to notify the user
. ?0 11 9'? example,gt‘\eubrmal CO hon}nr md%muap tgnﬁ%/(gserv Ty p%Xmggumaerﬁr . y R
or the subjec_t. Other Qg_asfg;rltj% Jesyls, 9&%1'3[1% ¢ %E‘égw%{% ﬂ?&w@'&%d 0, ‘chscgggm printout of the medical
data, a user interface [Qs‘ﬁﬁl&w&&&%&m&m&%&&%&m&%&&&L‘?ﬂ system, an alann, a buzzer,
an email, a telephgne,ommuniCation:, and.ARA0esSYaleh. FhEAlarm,system not only assesses the
current medical conditign.Qfthe.subigst Ak MaY.Alse.guide. s coukse:af actian for the user. [00129)
When one or more of jhg.charagteristicsal.the. ralesian. sEpasses.aspesifigyalue as
stopped, or the effect of the pharmaceutical ends, the individual's normal condition may be disturbed
again, which would lead to another move of the normal condition in the praph. When the
20  administation of a phanmacentical is stopped, or the effect of the pharsaceutical ends, the
individual's normal condition may return to its originel position in the praph before the
phermaceutical was administered or to a new or tertiary position that is different from both the
primary pre-phanmaceutical position and the secondary pharmacestical-resultant position.
{00114] In some instances, biomarker vatues can change very rapidly, such that standard sanopling
25 {for example, a lab test) may misy large changes in the values. In an example, sepsis can occur very
quickly when a patient is nsing s pharmacectical or i 2 member of a pharmaceutical clinical trial,
Many times, carly clues as to the medical condition of the patient are not seen becanse current
testing procedures do not occur rapidly enough. Also current testing procedures are inflexible within
a short period of time, so if a patient needs to be tested for a different biomasker value or
30  physiological parameter within a short period of times (for example, 4 hours), & is often net possible
to receive test resalis,
[@0115] Large changes n biomarker values can oceur such that conventional iab methods which use
onty one sample dilwtion level cannot measure the gnaiyte due to the range of the device. Often,
more scphisticated lab methods that use multipie dilution ranges that extend a range can also be
35  overwhelmed by 2 massive change (for example, greater than 1000-fold) in a biomerker vaiue. If &
dilution is repeated to obtain the proper range, in many insisnices 24 hours may have elapsed before



20 determined by the model -user, an Mann or warning system can be activated. The user can then
determine the next course of action for assessing the medical condition of the subject. [001301 In an
embodiment of the invention, medical personnel or the subject can be notified of a need for taking a
medical actlgﬁ}&ﬂ@]&&@ssmg or characterizing the position of the subje& Jé‘tlgzi?%aﬁ%gablhty space.
Examples of a notification include an alert system, an alarm, a buzzer, an email, a 25 telephone
communication, and a pager system. [00131[Medical personnel may take medical action when notified
by the methods of the invention that the medical condition of a subject has violated a ride 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, administering a therapeutic
agent, terminating 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 Hee medieal action. For example, a diabetic subject
may administer a dosg, Qf J0s4liR.; 100432 LAler.a.madicalaction hasheasn staken or has been
chosen, an outcome anRalysis cathhe-ar Redoried forcharaciarizing.s. sesuhiof the selected action.
The outcome analysis.can lead:ie.autemmaticaly spdating-the.prababilityw ekthe discrete clinical
outcome of the subjeci{@Rda3:dAay-ctinical- By tooameresuityananiendaliated to a particular medical
condition may be utilize ias a-cisereieieliniad oute eremkor exam ple20diseie®® clinical outcomes may
be generic, such as respolidesjizo paespondenspattahres ponden: dhcseptic, or they be more specific
such as adverse drugeattio me-lnadditivne diseraterchivcaloyborrieserrsybe atonable, or
downstream clinically=S=ncievémtrenergariragiis Sy e thatreanbd Bhtlited for any
pharmacological, patiBphsaiersrresr efisfsatreiSyeretsg el erfeEPtitroriE: The subject data may be
obtained during a firstHie pE REEB BRI e BprtRIVER HiBRG S LMt RS terel BT patient, and also during
a second, or more, tirff&Pa ugg‘?ﬁ@?‘“fhé%ﬁ%ﬁ?éﬁ%ﬁ%ﬁﬁﬁ‘ﬁﬁ%f@f‘é‘ﬁ’% ﬂ%‘ef’patlent The intervention
may comprise a drag (& AR S BiEcElo I RE TSRS i) BEEIEPELEd to have a propensity to

SIS in 5

affect the 10 heightened 1i rls'k of’?he onsef“of'f’ﬁ“e Sp emﬁf:v r??mﬁn%g con Lg}ll The intervention may be

&n 1NCreas;

suspected of havmbg a m%gns lec }(?%wqo G:F}e e}g@}ﬂengcir oﬁﬁqmonseﬂg of the specific medical
condition. The speuﬂpﬂa@gwtﬁlﬂg%‘au gg&m@*oﬁ%q&&qﬂg%ﬁg gogjfigctmThe intervention may
comprise administering 3 drug,.angd erein.ihe. %&J@M@J&R&&% ity;tQ Jncrease the risk of the
specific merlicAt condifipn sthespecific.medical.condiienmav.Rermingasied side effect. 151001341
Medical conditions inclydg.-Aut.ake el limiied irharmacalQgical-nathelegical, physiological and
psychological congitiangis kgdexample, abnormality, affliction, ailment, anomaly, anxiety, cause,
disease, disorder, ilin@sAnindispas)tinn:xaiismaily.-matacdy: prehlemenpickaass, and may include a
positive medical conditiog:fenexampleafesiity pregraney-andsetasedossaversed male pattern
baldness. Specific medieatconditions-tnciude:siui @issenot limited to, neurodegenerative 20 disorders,
reproductive disorder#stéifdioyasewat-digorderssautanimareitdisardersrifldtematory disorders,
cancers, bacterialZandedirst¥feefionsddint etés: Gridiis antlendodiinddisefders. Other diseases
include, but are not lirfrett tts ~ithsusrrewnTasi o G it seendotmetrkddisenretiple sclerosis, stroke,
Atzheimer's disease, PatKiftstH S isidsds’ MektPtd SdistieasPrith oiseagks, amyottophic lateral
sclerosis (ALS), isChaBiEL oo e e P &P ief 5 T EaraRakmraeEsH pertension, 25 pulmonary
hypertension, con%esz?%ﬁﬁé’WﬁWﬂFé“lfﬁ?obﬁfﬁi’i‘sfé? H&‘@g“f‘f‘i@fﬁtﬁ%“’{%&“ or 11, lung cancer, breast
cancer, colon cancer, ro§f“ fe a(’:"éﬁ(‘f‘é‘?“io“ ari ﬁ5‘°§aﬁyféh§?”;5’aé“ﬁ%?eaﬁtt?&°@§ﬁ’8‘é?m’ﬁ?’§ln cancer, solid tumors,
melanoma, disorders [0 ’IU? me?%%fsrg HROA patltlgumcludln Pa'[l'[ISA B and C, thyroid

esentation of a siemlar movement o previousty d
dlsease aberrant aglrllgstrateq Qny ,Q t1mc|1§o:em e Qer’Fl Oﬂ!:e data’point is plotied in a probability
space, The lins traveled from one point to the next is a vector.
35 [00120] Diagnosis of the individual may be aided by studying several aspects of the movement of
the individual's medical condition in a probability space. The direction {for example, the angle
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[00135) Biological Markers 30[00136) Biological markers, also referred to herein as biomarlcers,
according to the present invention include without limitation drugs, prodrugs, pharmaceutical agents,
drug metabaqlites, biomarkas such as expressed proteins and cell markers, antibodies, serum proteins,

2069/126949 . . . : : PCT/USZ009/038467
cholesterol, Y”6]51ysa(£c:f1arldes, nucleic acids, biological analytcs, biomarker, gene, prosteln, or hormone,
or any combination thereof. At a molecular level, the biomarkers can be polypeptide, glycoproroin,
35polysaccharide, lipid, nucleic acid, and a combination thereof. 10013710f particular interest are
biomarkers associated with a particular disease or with a specific disease stage. Such biomarkea-s
include but are not limited to those associated with autoimmune diseases, obesity, hypertension,
diabetes, neuronal and/or muscular degenerative diseases, cardiac diseases, endocrine disorders,
any combinations thereof. 5 1001381 Also of interest am biornaticers 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 differentiyRes Sheabeakvalghant-iRpRraeiasiatich adaimmune diseases,
inflammatory or degenaiative Hiseoaes 203 Indise-akiataiesate.anabdesihat am indicative of a
microorganism. Exemplasydfunicraei g isiis dacludebubaie Robdimited tedbacterium, virus, fungus
and protozoa. Other bigmarikessvobtaired derna siljectaigorinciadeticadelorn pathogens selected
from a non-limiting greupithat ieoksistechdt aphsiiocecoasctipidenmdisaEder@tichia colt,
methicillin-resistant Staijsnio cecous {nétis (RISRA) IS iphyitevctrsaulensioStaphylococcus hominis,
Enterococcus fence/is pRistirdomesriasdefariifo seeStihy rretstolissexpitiel 'Staphylococcus warneri,
Klebsiella 15 pneumaowias: Fraeitsphiers Ritersaei-Spsk)| eeecas smittame, Streptococcus
pneumoniae and CarféfEsiB e oot 20U aFreEradr g Entsmpass a variety of sexually
tomsraitted diseasts SERECTEH T Bt AETONGH 9’?“@5‘1‘?8?%?@&“6‘3‘5‘1@&?f§:§%ﬁ°0eae), syphilis

al conditton o hiect arn ormed fied medical persommel and the m. tical.

(Treponena pallldum)“,‘efl:'famy&aeg@l’dm 8’éjaracofﬁ‘|'ﬁlsf ORYSHBECEC A treiitis (Ureaplasm
urealyticum), yeast inﬁ%%éf@ﬁ(zgnaniﬁ?‘d%% llcarﬁwygt%cgancfroi%gaﬁmo hilus ducrey0, triehomoniasis
(Trichomonas vaginaﬁ)}s}éi } %@l}ﬁﬁj@%ﬁéﬁ {lﬂ[§\7§ tXDPm%gé‘;chpomi;&ﬁ:ﬁ%ﬁf&titis A, B, C, G, as well as
hepatitis caused Qy fly, 100141 Blomarkers encampass & diversity. of fespiratory pathogens including
but not limited to Pseydomonas.aemainosa. methicillinesisiant staphloggcccus aurma (MSRA),
Klebsiella pneumoniag,Hasmonhilis.ofluanzac. lanHocRceuBWEHS mateiPtrophomonas
maltophilia, 25 Haemgphilis. parairfiben M- seherichiasalifiamacecausdaecal's, &maté&
nzarcescens, Haemagphilisspaisih aeme-hiious: ERlanae ks aleacag. tandida albicans, Moraxiella
catarrhalts, Streptocosgids: pheaiiBoniae dtilirabasi ef-fnudrdinptesuecus faecium, Klebsella oxytoca,
Fseudomonas fluorsaens) Aleticetiasne apgiticis,sSirepiotaccus pyogarespneumocystis carinii,
Klebsella pnetanoniaediegione! la:paeginoph taicdycoplasmeadnesnaniaeland Mycobacterium
30tuberculosis. [0014&}tisted-betowsaretadd konaexemp anesararkerstagedrding to the present
invention: TheophyilirrethGRP:1@ KRB RSA i kb brhirEAIR BriRfGgestersitetd xB2, 6-keto-PGE4 and
Theophylline, EsuAdiart=tistesesiz irglserinaretirdsrsitity CRP, Triglycerides, Tryptase, Low
density lipoprotein CHEYEStersFMigH g TSNS feh sy dte Erstesterol, IGFR.

direction, speed, and acceleration of the vector can be calculated and plotted for display or review. If
the user (for exanmle, physician}, deems the data o be of significant importance, the user may
activate an aiarm of warning system and accordingly change the course of action for treating or

30  monitoring the medical condition. After a course of action has been adiusted, the steps assessing the
medical condition of a subject can be repeated to continue to monitor the trejectory of the subjeet.
[00126]Fig. 7 illustrates an exemplary method of the invention for developing an slarm or early
warning sysiem for or upon assessing the medical condition of a subject. The trajectory of a medical
condition of subject and the information corresponding to the trajectory (for example, speed or

35 acceleration) is obtained through & method of multivariate statistical calculations, such as the
method illustrated in Fig, 6. In order to analyze the information obtained from the mathematieal
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[001431 Exemplary liver markers include, without limitation, Arginase 1 (liver type), Alphafetoprotein
(APP), Alkaline phosphatase, Maniac aminotransfasse (ALT), Lactate dehydrogenase (LDH), Protein
C, and Bilintbin. 100144) Exemplary kidney markers include without limitation T'NFa Recepto

Cystatin C. 8V 9[39)3@1"3 pe urinary prostaglandin D, synthatase (LIPGD§)C%SF§3?%@y§é%rth factor
receptor. Polycystin 2, Polycystin 1, Fibrocystin, Uromodulin, Alanine, ansinopeptidase,
N-acetyl-B-Dglucosaminidase, Albumin, and Retinol-binding protein (RBP). [00145]Exemplary heart
markers include without limitation Troponin | (Tr!), Troponin T (TnT), CK, CICMB, Myoglobin, Fatty
acid binding protein (FABP), CRP, D-dinier, S-100 protein, EN?, to NT-proBNP, PAPP-A,
Myeloperoxidase (MPO), Glycogen phosphorylase isoetimmae BE (GPBB), Thrombin Activatable
Fibrinolysis Inhibitor (TAFT), Fibrinogen, Ischemia modified albumin (IMA), Carcliotmphin-1, and
IMLC-I (Myosin Light Chain-1). (001461 Exemplary pancreatdc markers include without limitation
Insulin, Amylase, PancreatitisAssocoated protein (TAP-1), and Regeneratein proteins (REG).

15[00147)Exemplary Jsqle:Hissur.markeraneiidenithous imitation.Myastatin. 1001481 Exemplary
blood markers includg, without imitali oREEhQREE AL [AOLADEXSMRAary bone markers include
without limitation, Craggzlinked N-te,lopeptides of bone type | collagen (N'Px) Carboxyterminal
cross-linking teIopeptgda%bgm&ag{la@gm&my&@%@m@%ﬁd@g&y@g&mm) 20 Pyridinorme,
Tartrate-resistant acid-phasphaiesuireceiagenivpedtd prepeptideyRrocoiagen type IN propeptide,
Osteocalcin (lone gIaefammm)pﬁdmmmhﬂsﬁhaﬁas&;h@amgp@mﬁfo@@m%z@@artlIlage Oligimeric Matrix
Protein), Osteocrin  @steiepsetegerndORGyRANIKE raRAINK «F RAR BEFRACP 5), Osteoblast
Specific Factor | (OSk=dbmiPiEintiep in:Satublitel ddhestrbrioletulesiwsddR, sCD4, sCD8, sCD44,
and Osteoblast 25Spetific:Facto PE(ESRERePerstmyifeDrEeHrstmerdmisbdiments markers
according to the pfeseritsiverietrerediBessospie e T keimp ity rearedrs irstkers include without
limitation PEA (total prerstat&issisesiv-aittlGét) "Cragt i Prestaie et fhosphatasc, PSA
complexes, ProstrateS¢pRtifie e PR 1Y Wﬁf@ﬁﬁﬁ@?ﬁﬂ ﬁi‘&s‘ﬂ?ﬁi ' (°E.A), Alpha feto protein
(APP) , hCG (Human‘?fﬁfi?ﬁ%ﬁ?&%”ﬁ?fﬁﬁ%&%ja ﬁ‘)’“‘iﬁ}fl"?\“ﬁ‘"@ﬁ 5{?‘% é?‘4 CA 27.29, CA 15-3,
CAA Breast C1924, I8 PR LS t‘r“&fﬁ%"é% ] Onn';%fécf AR AA pancreatic,
Neuron-specific enolase /&"n q]IOS ﬂmﬁ%’ﬁo Bie-decoy’ rece;thr ’E’ﬁaostatln Ep-CAM (4K-1),
Free Immunoglobullnntmg tl@]am a(pp %;95 %mun&gﬁﬂﬁ m@gﬁt Cglal Lambda, Herstatin,

Chromogranin A, Adrenom efqlglllbp ty gmueggngsgg%g;ggvtmg factor receptor, Epidermal growth
factor receptor-Tyrosigg.kiassg. Pro: .adrenomedu HinNzetminal, 20.Reptide, Vascular endothelial
growth factor, Vasgulas.gndeihelakarowihfactanresental e cell.iactarreceptor, c-kitil(DR, ICDR,
and Midkine. determine the next corse of action for assessing the medical condition of the subject.

[60130}n an embodiment of the invention, medical personnel or the subject can be notified of a

need for taking a medical action after assessing or characterizing the position of the subject data ina

probability space. Examples of 2 notification include an alert system, an alarm, 3 buzzer, an email, a

25 iclephone communication, and a pager system.
[68131} Medical personnel may teke medical action when notified by the methods of the invention
that the medical condition of a subject has viclated a rule imposed by the medical personnel.
Medical action includes, but is not limited fo, ordering more fests performed on the patient, altering
the dosage of an administered therapeutic agent, adutinistering & therapeutic agent, terminating the

30  administration of a therapeutic agent, combining therapies, administering an alternative therapy,
placing the subject on a dialysis or heart and hung machine, and administering a pain killer, Tn some
embodiments, the subject may take medical action. For example, a diabetic subject may administer a
dose of insulin.
{00132} Afier a metitcal action has been taken or has been chosen, an outcome analysis can be

35  performed for characterizing a result of the selected action. The oulcome analysis can lead to
automaticaily updating the probability of the discrete clinica! outcome of the subject.
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[00151] Exemplary infectious disease markers include without limitation Viremia, Bacteremia, Sepsis,
PMN Elastase, PM& elastasei al-Pl complex, Surfactant Protein D (SP-D), BEV antigen, 5 HBVs
antigen, Anti-HBVc, Anti-HIV, T-supressor cell antigen, T-cell antigen ratlo T he er cell antigen,
Anti-HCV, P\y 6%"3 392‘3 antigen, Muramyl-dipeptide. 1001521 Exempla B H% kers include
without limitation C-Peptide, Hemoglobin Ale, Glyeated albumin, Advanced glycosylat|0|a end products
(AGEs), 1,5-atthydrogluchol, Gastric Inhibitory Polypeptide, Insulin, Glucose, Hemoglobin, ANGPTL3
and 4. 10[00153] Exemplary inflammation markers include without limitation Rheumatoid factor (ILE),
Tumor Necrosis factor-a (TNF-a), Antinuclear Antibody (ANA), C-reactive protein (CRP), Clam Cell
Protein (Uteroglobin). [00154] Exemplary allergy markers include without limitation Total IgE and
Specific IgE. [00155] Exemplary autism markers include without limitation Ceruloplasrnin,
Metalothioneine, IS Zinc, Copper, B6, B12, Glut athione, Alkaline phosphates, and Activation of
ape-alkaline phosphates. [00156] Exemplary coagulation disorders markers include without limited

b-Thromboglobulin, Flatglel {agter.4..y aRWYillehrand facior./00Lolkin sgme embodiments a marker
may be therapy specifig.Ox aihiipss.inchidewitaout 20 Jmitation, Txg2.4Gax-1),
6-keto-PGF-1-alpha (@, sblebeRysherdia: 42 £60% 1)y [QRLSRL4Mhar makkers of the present
include without limitatiofekapia dugplit£ecepiotart-riocaltienin,BLaitbliO0 protein, Substance?,
B-1so-PGE-2a. (00152ik-dmxenmplans gayiatkicarakes inalusesitaoli-tisaitatigay Neuron-specific
enolase, GFAP, and Sl@aB:25j00L60 d-xe mpiaisy markerselnuiritionabstatds include without
limitation PrealbuminpsatbunsremitednctamntingrprotenfRBi) «ransfesin: Acylation-Stimulating
Protein (ASP), AdiporectiriAgouti-Riel atdehPreteitr (AgRPusrrgioporetimstike Protein 4 (ANGPTIA,
FIAF), C-peptide, AFABE Al ipercsiptEFatryike iy Biratrit Proteir X BPEY cylation-Stimulating Protein
(ASP), EFABP (EpidéreiarTetef At Bh il PRt mABPSy~S0 Bittémiit! Glucagon, Glucagon-Like
Peptide-1, Glucagon- UFEé“P@ﬁ’EIH@W&TH“WHﬁ%%ﬁ%“@ i REERBIBIPYY, RELMs, Resistin,
amd sTfR (soluble Tr&i S FAERBB A fou e} r"ﬂ’@éf R HTEPRBAYSIETE metabolism include
without limitation Apo™fg ‘ﬁ’ﬁ%"‘(%‘é‘%?“é‘?éﬁ d’ﬁﬁ"é“ﬁ\f‘“’ﬁ‘ (CH= A %’t‘f"é‘f‘fsﬁ 6-D, Apo-E. [00162]

Exemplary coagulatloln S haTRerS mcf‘d&"e Withol “I“mlfa‘%n aciior E Fibrinogen,

Medical conditions inciude, but are not 1ot e t0, pharmacological, putho;

physmlcgzcai and psychological conditivns. For example, abnormality, affliction, ailment, anomaly,
anxiety, canse, disease, disorder, iliness, indisposition, infirmity, matady, problem or sickness, and
may include 2 positive medical condition for example, fertility, pregnancy and retarded or reversed
male pattorn baldness. Specific medical conditions nclude, but are not limited to, nevrodegenerative

20 disorders, repreductive disorders, cardiovascular disorders, autoimrmune disorders, inflammatory
disorders, cancers, bacterial and viral infections, disbetes, arthritis and endocrine disorders. Other
diseases incinde, but are not limited to, lnpus, rheumaloid arthritis, endometriosis, multiple sclerosis,
stroke, Alzheimer's disease, Parkinson's diseases, Huntington's disease, Prion diseases, amyotrophic
tateral sclercsis (ALS), ischaemigs, atherosclerosis, risk of myocardial infarction, hypertension,

25  puimonary hypertension, congestive heart faiture, thromboses, dizbetes mellitus types I or If, ung
cancer, breast cancet, colon cencer, prostate cancer, ovarian cancer, pancreatic canver, brain cancer,
solid fursors, melanoma, disorders of lipid metabolism, HIV/AIDS, hepatitis, including hepatitis A,
B end C, thyroid disease, aberrant aging, and any other disease or disorder.
[80135] Biological Markers

30 [00136] Biologicel markers, also refeired o herein as biomsarkers, secording to the present invention
include without limitaiton drugs, prodrogs, pharmeceutical agents, drug metabolites, biomarkers
such as expressed proteins and cell markers, antibodies, senun proteins, cholesteral,
polysaccharides, nucleic acids, biological analytes, biomarker, gene, protein, or hormone, or any
combination thereof. At 2 molecular level, the biomarkers can be polypeptide, glycoprotein,

35  poiysaccharide, lipid, nucleic acid, and a combination thereof.
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35Factor IL Prothrombin, Factor IlI: Tissue factor, Factor IV: Calcium, Factor V: Proaccelerin, Factor
VI, Factor VII: Proconvertin, Factor VIE, Anti-hemolytic factor, Factor IX: Christmas factor, Factor X:
Stuart-Prower facto/r Factor XI: Plasma thrornboplastin antecedent, Fact%; c%%émgﬁgs ap factor,
FactorFibrin- s?a%) ?zmg Pactor Prekallikrein, High-molecular-weight kininogen, teln , Proteins,
D-dimer, Tissue plasminogen activator, Plasminogen, a2-Antiplatunin, Plasminogen actlvator inhibitor |
(PAD). 5[00163) Exemplary monoclonal antibodies include those for EGER, Erb132, and IGF | R.
[00164/Exemplary tyrosine kinase inhibitors include without limitation Abl, Kit, PDGFR, Sre, Erb142,
ErbB 4, FOUR, Rahn, VEGFR1-4, PDGFRD, FLt3, FOUR, PKC, Met, Tie2, RAF, and "Dick [00165]
Exemplary SerineThreoline Kinase Inhibitors include without limitation AKT, Aurora 10 AtEffi, CDK,
CDK (pan), CDK1-2, VEGFR2, PDGFRb, CDK416, MEK1-2, mTOR, and PKC-beta. [00166] GPCR
targets include without limitation Histamine Receptors, Serolonin Receptors, Angiotensin Receptors,
Adrenoreceptors, Muscarinic Acetylcholine Receptors, GnRIi Receptors, Dopamine Receptors,
Prostaglandin RecepimnsnancialbR-Recepiats: 0146 Hdnaisepasaie embediment, a method herein
utilizes pharmacologieaiparasaetersHs attidord bassessing atieacyrangiamtoXicity of a therapeutic
agent and the agent'siaéiect-en gpatedicabesnditisud-arddne priposesehthiginvention, a "therapeutic
agent" is intended to melusdekanyisubbstance ¢e therapeutic utility and/or potential. Such
substances include béragendtitmiteditodrofegicatsarchernirgieompoundsBich as simple or complex
organic or inorganic rirdttisutésuipeisticas, rprateirstior trempe biehtioths) sia polynucleotides (for
example, anti-sense) W“W?@WWﬁbﬁW%@%@?ﬁtﬁéﬁf@ﬂ‘%P%xample polymers, such
as polyp eptides and PSR/ EEORIAS A SARAEHt-oIg:s 84 on various core
structures, and these‘%Wé”‘él%’dﬁﬁ%ﬁjﬁ‘éaﬁf‘ﬁf‘fﬁﬁéﬁﬁ“ﬂ?%ﬁ%ﬁﬁﬁ%‘“’In addition, various natural
sources can provitle ﬁ’ﬁ?‘%ﬁ?@é‘fﬁ"?&mgﬁm‘gﬂﬁlWé’fdgﬁ‘ffﬁa?%"i(tracts and the like. It should
be understood, aIthom\Jfgn no&%m Tale expia efa ‘Hdt:fja ;Iljmg (?aet:lrs ggﬂctadlmfmﬁe or in combination with
another 25 agent, ha;tp e esme f I e;l nt'?no ogglga qctlwt g@ > agents identified by the

{ococ aure
inventive screen. The a‘gpr],tsum}n §ra sio are mgggapggi 10.be Co n}p ned with other therapies.

mana.s‘ aemgmos OCCUS Warnery,

[001681|mplementgt|oq ﬁéﬂ?ﬂ%h&% LQQ@Q}@L&&%@% Ynderstoo, d that the exemplary methods and

systems described he(r%qggy JHe implemented in various forms o hardware software, firmware,

SpeCIal pU rpose procwm::@ also encompass a variety of sexually transmitted diseases selected from the
following: gonorthea (Neisseria gorritoeae), syphilis (Treponena pallidum), clamydia (Clamyda

tracomitis}, nongonococeal urethritis (Ureaplasm urealyticum), yeast infection (Condida albicans),
20 chancroid (Haemophiluy ducreyi}, trichomoniasis (Trichomonas vaginalis), genital herpes (HSV

type I & I0), HIV I, HIV 11 and hepatitis A, B, C, G, as well as hepatitis caused by TTV.

[04141) Biomarkers encompass a diversity of respiratory pathogens including but not limited io

SRS S

%

Pseudomonas aeruginosa, methicillin-resistent Staphivcocecus aurens (MSRA), Klebsiella
prewmoniae, Haemophilis influenzae, Staphlococcus aureus, Stenotrophomonas maltophilia,

25 Haemophilis parcinfluenzas, Escherichia coli, Enterococcus faecalis, Servatia marcescens,
Haemophilis parahaemolyticus, Enterocaceus cloacae, Candida albicans, Moraxielle catarrhalis,
Streptococeus pneumoniae, Citrobacier freundii, Enterococeus faecium, Klebsella oxytoca,
Psendomonas fluorscens, Neiseria meningiiidis, Streptococcus pyogenes, Pnewmocystis carinii,
Klebsella prevamoniae Legionella prevmophila, Myroplasma pneumoniae, and Mycobacterium

30 tuberculosis.

[08142] Listed below are additional exemplary markers according to the present invention:
Theophyliine, CRF, CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2, 6-keto-PGR-1-alpha,
and Theophylline, Estradiol , Lutenizing hormone, High sensitivity CRP, Triglycerides, Tryptase,
Low density lipoprotein Cholesterol, High density lipoprotein Cholesterol, Cholesterol, IGFR.



30 combination thereof. Methods herein can be implemented in software as an application program
tangibly embodied on one or more program storage devices. The application program may be -
executed by any machine, device, or plafform comprising suitable architecture, h is to be further
understood fﬁgt 2WRHAIER some of the systems and methods depicted in fiteh Ignglﬂ?agsgﬁgpreferably
implemented in software, the actual connections between the system components (or the process 35
steps) may differ depending upon the manner in which the present invention is programmed. Given
the teachings herein, one of ordinary skill in the related art will be able to contemplate or practice these
and similar implementations or configurations of the present invention. [00170] Fig. 9 illustrates the
process flow of building the model and system for assessing the medical condition of a subject. The
subject inputs personal data into a database. The same or a 5 diarent database contains data from
other subjects with a similar medical condition. Data from the other subjects can be historical data from
public or private institutions. Data from other subjects may also be internal data from a clinical study.

[00171] The subject ma:|BRkkAaHa Jhas ¥arie Rk Ways, Quusing.aMarigiy of devices. For example, a
point-of-care microfluigig£levies, May. hemsaddriacakiaRianianackdaadldbe point-of-care. The 10
data from the device ey, therdwisemmunicated directly from the device to a dar.thase or processor.
A computer or data enqinwsysieRHRR h-Also MR SY bieeh-Cata fe-a-datalhase or processor. Data may be
automatically obtainediadsad sppui=iyie:acanmpteti opsansihene pmputerefdata entry system. Another
method of inputting date-tora Batabaseietisingannpudenceduchasig-keyboard, touch screen,
trackball, or a mouse fordiretthabmierm §-ddtdrdntored@@base. 15[00172] A database is developed for
a medical condition in#AEkmedeirarrettinickdnforiiationTrerfiftd (B8 Breririé’dver a communication
network (for example SnEitevarstffardneterrmitr& aitaridifeas; ' Cuetk*a®& public remote database,
an internal remote“daf‘ﬁbég?@’ E&ﬁ’ﬂ%ﬁ%ﬁﬁﬁﬁé@e“%ﬁfbﬁé’ﬂ%ﬁf%@%@?ﬁﬂude online sources of
free clinical data for uS&P freer SR HET6t EREAPIRI UL A¥es supplied by the U.S.
Department of Health%‘ﬁﬁ"l@ﬁﬁ‘nﬁﬁ%%f é‘ﬁ%%‘? ‘Z’Unwam le, an mternal database can be a private
internal database beldNgng 33'5???’55 VEY Q%L,T or ahg’ §‘t‘§’h“a ESEAT System) for providing
clinical data. A local d“lq gse ca com rlsg &xatm‘p e b|o arlcer data relating to discrete clinical
outcome, The loca dqg}g mlg lgta rom ¢ %x:‘lmz g)may also include clinical data
such as temperature g, M@gj‘n\én@ ng@&%‘gﬁg&'% E%QJQ%%FQPT%Q%HJ"S patient survey
responses, or other itgms. fromhpRatients in 25a hospital or an internal hospital monitoring system. The
database can also inclyde.hisiercalreferenas fata.afa piialin.gfstubiscimeaenbers in relationship to
at least one biologicakmarkerr{0Q143: lhsdatahase.mayalso-ne-inplementesd on a variety of
commercially availablexgifak Dg-RReKRagQS protein), Alkaline phosphatase, Cathepsin K, COMP
{Cartillage Oligimeric Matrix Protein), Osteocrin
Osieaprotegerin (OPG), RANKL, sRANK |, TRAP 5 (TRACP 5), Osteoblast Specific Factor |
{O8F-1, Pleiotrophin), Solubie cell adhesion molecuies, sTR, sCD4, sCD8, sCD44, and Osteoblast
25  Specific Factor 2 (OSF-2, Periostin).
00150} In some embodiments markers according to the present invention are disease specific.
Exempisry cancer markers include without limitation PSA (total prostate specific amtigen),
Creatinine, Prostatic acid phosphatase, PSA complexes, Prostrate-specific gene-l, CA 12-5,
Carcinoembryonic Antigen (CEA), Alphz feto protein (AFP) , hCG (Human chorionic
30  gonadofropin}, Inkibin, CAA Ovarian C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Pancreatic, CA 19-9, Carcinoembryonic Antigen, CAA panereatic, Newron-specific enclase,
Angiogtatin
DeR3 (Soluble decoy receptor 3), Endostatin, Ep-CAM (MK -1), Free Immunoglobulin Light Chain
Kappa, Free Immunoglobulin Light Chain Lambda, Herstatin, Chromogranin A, Adrepomedullin,
35  Integrin, Epidermal growth factor receptor, Epidermal growth fictor receptor-Tyrosine kinase, Pro-
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[00174] The database may be of a storage unit of a medical information system. 30[00175] Data from
a database can be filtered and classified according to specific cases or medical conditions or a group
of diagnoses_and con((j}‘it{ions. For example, the classification within the da};[ag%%ez r%?%gggliow the
standard int&YRatonAl code of diagnoses (ICD-9 coding system). A medical condition may include, for
example, a physical state of a subject or a disease that the subject is suffering from. 1001761 In an
embodiment, the data stored in the database may be selected from the categories consisting of:
pathology, anatomy, treatment option, treatment outcome, pharmacological parameter,
pharinacokinetic,s parameter, psychological parameter, and gerunnic information. [00177] Subject
data can be stored with a unique identifier for recognition by a processor or a user. $ In another step,
the processor or user can conduct a search of stored data by selecting at least one criterion for
particular patient data. The particular patient data can then be retrieved. [00178) Relationships can be
established between elements of the public databases, the internal databases and the subject data
Explicit relationships gdeglatarardreserdinferaneesmate.hased anr-intasmation revealed by the
trajectory or other availakle«ehaaiyabonS. b, (B]dig xBrilusitates the flow of data from a database
that includes the dataidrBnEthagsibiect de-a precescerithatperdormsthesaathematical methods
described herein to ceasimictsaspechabilitrspeceritB:sunpotudataMmEgyadsehe inputted to the
processor separately ErRyrantive dat@pentdiningtosar cisaietel clinmgeah elttotresthat is stored in a
database. 00180] A prizesstiCdrperBtmtisalduatidgtiie probability space. Once a probability space
map is 15 prepared, tlE3grmeirétessororadifforeitirocissoMenciidt biomarker data from an
individual subject witrggwmw&@?@mﬁgggggbmﬁéelf can be transmitted to
an output, such as a GTEBEYHIGHITIE"" P& ST t data within the probability space may
also be transmitteld to"an BOTBHE WP&’F@%@W‘}% AV e 5 8Ceiving patient data directly
from an input device,?ﬁ%ﬁﬁ%ﬁ?‘g) GE B e YR A EGE (Rt “8Rd a means for 20
processing data. The erlg):c"Eéz%gjor %g’%ﬂggg&%{g a,means for receiving instructions a user or a user

all 1thout litetion

interface. The processor xaz ve memory, such as random ace s memory, as is well known in the
art. In one embodiment, an 1 OUTDLILT é}@%@,&&&@%&@i&?ﬁ%ﬂ%&g& gp%&cngss'or Is provided. [00181] A

&
user interface refers tg graphical, textual, or audri)tory information presented to a user. User interface

may also refer to the genifal.sedusheasdsad or.caniQling a:puam.kAeyice, such 25 as
keystrokes, movemenis, ot 586k oS rand factor.

[60157) In some embodiments a marker may be therapy specific. COX inhibitors include without

20 limitation TxB2 {Cox-1), 6-keto-PGE-1-alpha (Cox 2}, 11-Dehydro-TxB-1a (Cox-1}.
[06158] Other markers of the present inchade without limitation Leptin, Leptin receptor, and
Procalcitonin, Brain 8100 protein, Substance P, 8-Iso-PGF-2a.
{681259] Exemplary geriatric markers inchude without limitation, Neuron-specific enolase, GFAP,
and S100B.

25 [00160] Exemplary markers of nutritional status inchede without limitation Prealbumin, Albumin,
Retinok-binding protein (RBP), Transferrin, Acylation-Stimulating Protein (ASP), Adipanectin,
Agouti-Related Protein (AgRP), Angiopoietin-like Protein 4 (ANGPTL4, FIAE), C-peptide, AFABP
(Adipocyte Fatty Acid Binding Protein, FABD4)
Acylation-Stimulating Protein (ASP), EFABP (Epidermal Farty Acid Rinding Protein, FARPS),

30 Glicentin, Glucagon, Glucagon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptir,
Leptin Receptor, PYY, RELMs, Resistin, amd sTfR (soluble Transferrin Receptor),
{00161} Exemplary markers of lipid metabolism include without Emitation Apo-lipoproteins
(several), Apo-Al, Apo-B, Apo-C-Clli, Apo-D, Apo-E.
{00162) Exemplary coagulation status markers inclnde without Imitation Factor I Fibrinogen,

35  Facior IL: Prothrombin, Factor III: Tissue factor, Factor IV: Calciurs, Factor V: Proaceelerin, Factor
V1, Factor VH: Proconvestin, Factor VIIL, Anti-hemolytic factor, Factor DU Chyistmas factor,

i —
)
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(001821 A user interface may be a commercial software application for displaying subject data and/or
the position of the subject data 11A a probability space. The user interface generally provides users
with access to a task-ss)ecific set of functions to view and modify content. In preferable embodiments
of the inven%ﬂ,zmglﬁg‘eorginterface is a graphical user interface (GUI). In gg@%%ﬁ“%ﬁ%%ﬂiments, a
constructed probability space in two dimensions can be viewed using a GUI. Also the trajectory of
subject data positioned within the probability space can be viewed using a GUI. The GUI may be
displayed on a display monitor. Other user interfaces that may be utilized with the methods of the
invention include, but are not limited to, alert systems, web-based interfaces, text interfaces, sound
interfaces, batch interfaces, and intelligent interfaces. In an embodiment of the 35 invention, the user
Interface can remotely communicate with the system. /00110)By acquiring data from a subject at
multiple points in time, a trajectory of the subject data can be processed_ For each time point, a
processor may calculate the position of the subject data time point in a probability space. A trajectory

is created by connectipg. atdeast hwa ime hoints.ofsuhiect data.Differantyecior parameters of the
trajectory can be calcylategd swah:as dislapas. sResduoalieclion. apdasseleration. The vector
parameters can be calgulated-Ry 80 6esSEmIRE Pratessakpay hedhersame as or different than the
processor used to consituGtihe-prabakilipaspace. [00184] Based upon rules imposed by a user, the
position or trajectory ebsibiest-datacnayactivaleansalestri hesaleriarralert system notifies the user
when the subject dataaendicis:ywithia duierivposed:Bya: iselrnROrexepler.a rule may comprise the
probability of a subjecisf, eensehopirrgha NECR aavese i erreastion: (&DIRF igdqreater than 60 percent.
When the probability &kthe subject data exceeds the rule, an alert is communicated to a user.
/001851Examplcts of eftrdkerrhmciacd alit-Ziresriobimitdde oty Sueivld ighre, a printout, a readout, a
display, a page, ait e &R arerEE R SHERCETHITPHEATON: BT% tBRibiTation thereof. The alert
may communicate to fHAEER e palifestisTetEt e E e RS MBSl BESHER in probability space of the
15subject data, the traJEtERF SF e SHBEEr Ut ~6F A CSBmarsr MEtésT'D01861A user is most
preferably medical per@8RITEr M aA S BT HER tHE SSimE liser has access. to the subject data,
establishes the rules fOF AIeHRG THE USer, ‘ARa IS %’Té?féﬁgp]ﬁi/m‘fﬁléiéﬁ@??m?ﬁém U may also be the subject.

)

.1 sessing eff and/or toxicity of a therapeutic agent an apent’s affeet pn a medical .
For example, a dlasbeifgdgﬁ%ﬁfhema}/mrg& tOrhirs Q%igg&af gﬁcggg edﬁg}gg%ﬂoﬁg other biomarker levels. In

Al
. s invenfion, & .
another embod iment, mgggﬂgg@g%giggpgu S ugg;ﬁhﬂ 6 U nl%_%éi% agwam%t% Qreong;t the 20 mgthematlcal .model .
[00187/ Fig. 10 demopsirates. anearking.merhgd of assessing fhg.medical condition of a subject. A
system of communicafing. prmation.ma.ekmav.nehiRelude.a.Leaderigrireading subject data. For
example, if biomagker,data is.acquired-Rvsaniciiididic.point-Ricaredayice, the values assigned to
different individual biguaides may-heeat bythe daevicadisel-ora-separatedevice. 25 Another
example of a reader waidal.ban@Systemptaisean Hdhjack.data thathasdmren entered in an electronic
medical record or a physician-chaibs Adudihesexarnple eladsadenwauiskeansist of an electronic
patient record database-khanwhichisylsettdaia-cewd be: direstiysobtainedwia the communications
network. 25 agent, having the same or different biological activity as the agents identified by the inventive

soreen. The agents and methods also are intended to be combired with ofher therapies.

[06168] Emplementation of the Methads

[00%69] 1 is to be understood that the exempiary methods and systems described herein may be

implemented in various forms of hardware, software, firmware, special purpose processors, o7 a

30  combination thereof. Methods herein can be implemented in software ag an appleation program

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

executed by any machine, device, or platform comprising suitabie architecture. It is to be further

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

implemented in software, the actoal connections between the system components for the process

35  steps) may differ depending upon the manner in which the present invention is programmed. Given



[00188] A user station may be incorporated into the methods and systems herein. The user station 30
can act as a reader for reading subject data or as a data entry system. The user station may also be
used to communicate data information directly to a user, such as medical personnel or the subject.
The user stati 8&06%{128%2 may be a computer or one of a wide variety of ﬁgrcﬁ?are fﬂagtforms that runs
any operating system. The platform may read and write to and from a storage unit. A storage unit may
be incorporated within the user station. As will be readily apparent to those of ordinary 35 skill in the
art, other hardware may be used to execute the methods of the invention. [001891 According to still
further embodiments, a server may be provided for use in assessing a medical condition of a subject
In some embodiments, a reader and/or user station communicates with a server. The server may
comprise a network interface and a processor. A storage unit may also be provided in the server. The
storage unit is coupled to receive the patient data from the input 5device, reader, or user interface, and
to store the patient data [00190J The storage unit may be any device capable of storing data for a

long period of time, eithel.as A-£0MRAREALEE the platiprm. QiasAspRarata:entity that is coupled to the
network Although any,.apprepLale.sierRgs sapasity may-he Msad. the capacity is typically at least ten
megabytes and moregysiially aldeast ey gigabyias.dkha steragesuwnianay be permanent or
removable. For examples dkihe-staragend imit-naay he-as-magheiied ameanraccess, such as flexible or
hard disk drive, magnetieuseguentiat arenarsugh-asitape-opidcatnandom aedess such as CD, DVD or
Magnetic Optical drivej=ang-selit: state mmemonjliuchestERR ONriviRAMigmesFlash. In addition, the
present invention antisipeites-otrdrstoirzgendievices. All of the aforementioned storage units are by way
of example and are n@THErrekize ey fierittice vhivicby tharzmmoorirdytsetormeavailable in the art.
15[00191J In some errtivefitrrorreiificiciemprefUrimreiranpdtatets o stbrage by the processor
compressing the datef>Suhie Witz verrratge drthcomiessipH erniie thservation of storage
space. In the absencé GFEGH RSSOt tarEe Hirolint o Eate sy BrEseRt™a particular problem for

the storage of medlcmﬁ%&bﬁfgﬁw fﬁmﬁ‘fﬁé’f‘“e“f%%ﬁﬁﬂ“éﬁ’f?%fngy §’S/mf’em for assessing the
medical condition of 4" CUBECE daH stora e ocgessi“’":g"i_iend1 CBAtOrSt 85ta are implemented on a

server that is in comrf'g'%lwr;\;cafa’ wfjﬁ"s eréﬂt&lgmammgntl%g cqml%%atlons with the data may be
performed on the sergl%ﬁéas vell In tTgnLg,ungTTent -Sefver em e Qdiment, the server is communicatively
coupled to one or mogg Hser st pgnkgg Jocal Q%M@M%ﬁbﬂaﬁl}') M@@gnted with Ethernet, Wi-H,
Bluetooth, USE or Flrlgwg@abg ide.Area. Nenwerk (WAN) gggg@g Jheseragt, jmplemented by
broadband cable, XD e.khcamMetanQlilan WihELaLoherhigh.spesdcemmunications down to
plain-old-telephong-sgea (R4 QiR 3hhiseialiondsin cordmmigalivn with a server to output
the information procesgashhy Hize 58048k Faaitisal.stall anaayhathesare or different from the user
station or device used-iaipiisubjeckdatasiriathe system. dhewsenstatioraay also be an alert or a
warning system. Examyples-«ef 80 ereises stk oncineiudes Btit-ane aottirmitied to, a computer, a PDA, a
wireless telephone, antajpeEsonaldevics rstichiassanyikodshawses Statiensmay be in
communication with a prirter-oradispla yorior tortorodtpat thelsrifdrivigtdr processed by the server.

reference data of a plurality of subject members in relationship to at least one biological marker,
[00173] The database may also be implemented on & variety of commercislly availuble authoring
packages.

[03174] The database may be of a storage unit of a medical information system.

30 [({175] Data from a detabase ean be filiered and classified according to specific cases or medicat
conditions or & group of diagnoges and conditions. For example, the classification within the
database may follow the standard internationa! code of diagnoses (ICD-9 coding system). A medical
condition may include, for exampie, a physical state of a subject or a disease that the subiect is
suffering from.
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[00194) In a networked system comprising a server, any number devices may be members of a
medical network enterprise and access a central collection of medical data stored in a server. A 35
given user station may have access to enormous amounts of patient data from healthcare sources.
anywhere m‘hﬁ’ezwg%x I3 one application, data from multiple practltlonerg)gFé AEOMTEEd for defined
clinical trial studies. 1001951 Statistical information is provided to the user of the system, preferably at
the point-of-care. The point-of-care is where treatment is implemented. Advantageously, the dynamic
and real-time 5characteristics of Internet usage are captured in this feature. This enables medical
personnel or the subject either in the office or in the field to instantaneously be notified of and
presented with, for example, a subject's medical condition and statistical information pertaining to the
subject data. [001961 The user station, alert system, or output device may encrypt the data prior to
data transmission. The data can also be encrypted by the processor to protect private information. A
10 variety of encryption schemes may be used, such as public key encryption or private key
encryption. The encryglign SeBRENERIs.MaYhestand alaoasempaneats:qr software components.
The server may also inghugder: suelRellben-iait-fofd eckypingfe aaived.stpieskdata prior to storage.
[00191] In an alternative-eimbediment rifdhgicommmunication:bandwidth between the user and the
server becomes restrigtsdiordgxa e ifithengerueinistieewito thedeedek ean be duplicated and 15
reside in a minor serven@ta - serstation:tJpdates ant comimunicationsibesween the server and the
minor server can be domer bffdiintatipréddie pmimiadutirresseChe ifrerireduests from the user can be
handled locally by the®#iTRiRstsahipern Fricattdnrsthremoditediritasaeffelibbility for users, since the
on-line processes do HEestePentiomiuuisitertbumatie=Tog198) Tt mitirative configuration of the
data analysis system “ETeffeB4EEs S ettt g tilet-a0°Where storage, data processing and
computations are ‘Perf8tMEs Ot gt Se s A iB i HE R AR HERMRETHETS from a source to a
platform. The platfomf & ‘ﬂ%‘i@ﬁ“ﬁ)‘h&mﬂ@’é WALI(I s 8k b"d&% S EBREBIEY ™ TE display may be any one
of a number of conve“%"lr’iw] 1Ay davicas sumﬁmsc&“ri”qﬁ crysféif%]f's”ﬁfay or video display. The
platform contains a S{OTR E unlt a i ces}fgﬂr aqE ap H;Iterface for %%nmunlcatlng with the input device.

Spgce may

The storage wait has[a egée[gase storlca% mmm u at (io gmrlevdlngm§ubject data. The storage

0T San D.

unit also may store aﬁﬁm %nmmff pggg%@éﬁ%@llm&g[@gggw@@&m may be a computer or one
of a wide variety of ha,;;g‘yvg,ggsq atiormsihal LR ANOREEATRE, SYSiEn:, hemlatform may mad and
write to and from its siQliage.kit As.will hereadily, appakeniiothass:ef ardinary skill in the art, other
hardware may be used.ie gxeckie: the-safiware.HAL30branatheraspact, computer readable
instructions are proVigdegssyyhicmvwhenoxeadiodcaiss 3 0amNeansaltex Pravide a probability space
defined by a set of disgreiereinical-auieemasyeach aiwhichds.eharaciasnzad fy a statistical
distribution of at least:0 Re-bislegieakmatker: abiaimsubjestaiaeonespanding to the at least one
biological marten andiesictiatedre: pbsitiomed, said sabjett-tatarimsard prabability space to assess the
probability of a medictcerditioreetsaiisubje str{CO280) Pirdicomputer ¥eadeble instructions may be
a part of a softwaré pakkege: Fregsfraret85 package can be provided with a server of the invention
or an input device, suH 34 BerireReRaidie prtptebParartienic i dsplsying subject data

and/or the position of the subject date in & probability space. The user interface generally provides
users with access to a tagk-specific set of functions to view and modify content, In preferable
embodiments of the invention, the vser interface is a graphical uset interface (GUT). In some

3 embodiments, a constructed probability space in two dimensions can be viewed using & GUL Also,
the trajeciory of subject data positioned within the probability space can be viewed using a GUL The
GUI may be displayed on a display monitor. Other user interfaces that may be wtilized with the
methods of the invention inchide, but are not linsited to, alert systems, web-based interfanes, fext
irkerfaces, sound interfaces, batch interfaces, and inteligent interfaces. In an emtbodiment of the

35  inveation, the user interface can remotely communicate with the system.
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1002011 In an embodiment, computer readable instructions comprise instructions for creating a
trajectory between two time points of subject data. The instructions may also cause a processor to
calculate vector parameter of a trajectory, such as speed, position, headlngTand acceleratlon 100202]
Computer ré%gég?e & ctions may direct a processor or output device -ou [ﬁs)zl?tﬂ tha*8*4ssessment of
a medical condition The instructions, when executed, may display a graphical representation on a
monitor, print an output on a printer, or activate an alert or alarm. [00203]In another aspect, computer
readable instructions may be stored in a computer readable medium. In some embodiments, the
computer readable medium that stores instructions is a storage unit as described herein. Still other
embodiments may provide a computer readable medium having 10 stored therein a plurality of
sequences of instructions, which, when executed by a processor, execute a method of the invention
1002041 The computer readable instructions when executed can cause a processor to provide a user
defined alert condition based on an assessment of trajectory parameters of the subject data in the
probability space. In gamhodinentihadiaiectian: Ratamelers.as akdegst mne of speed,
15acceleration, directiQ.ARe-PRSILOM[IA2QRLAS Mpeeharsinga seamptas readable medium” refers
to any medium whichsganibe:ieashand-aceqssnd dHactly-byia cemputes @raprocessor. Featured
computer readable maghasinchtde: vkt ate-aoiaijed-iop magnetiestorage. medium, optical storage
medium, electricalssterage medicmmandnybrg-gtoageimedivmobanpofthese categories. 20
1002061 The computes rercabiedtistracticirs-arroperatein: desofttiigresuntime environment of the
processor. In an embbHiirert e stftmard mantniereitivirorivent phstides=co¥rnonly used functions and
facilities required by thelgGiware paekageicE anvpiestofb-gdtnratesnihtitfie environment include, but
are not limited to, corptitey Ose Bt IERS AT RS UG &F TR ES B aiStrisee™ operating systems. As
will be appreciatedf by tfresduecit-ardRAH) &' T therart "Saverarbirersediigtés of 25 runtime
environment exist. [OG’?T.‘T'? THetOhp EEPTESHEBE medium may be a storage unit of the present
invention as describel{" herair & él‘“’ﬁt i ﬁ’f’e”é’ i ‘%?e“%‘lk‘“ﬂed%h t"r’fm"éﬁ %fcomputer readable
medium can also be EE;V a\}"a%‘i“anb"fe mea‘ aﬂfhg,fc %ﬁggg&%@ °§% cg.mgﬂnger h@rocessor or a

computer. [00208] Compu er reacfa ble mr% a |n f%f lle. and non-volatile, removable and

non-removable 30 me gsllmgmm mblym%{l%prenmggm 0&&%&&%99&( for.starage of information such as
computer- readable insyctions. data SUUCiIies. BEogram MW@&Q rptherdata. Computer storage
media includes, but is,Ret JiMiiedsiaRANRRIMiLRROM, ERLIRQM.fash.memory or other solid state
memory technology, GRaRQM. RN aather Qpriical.olorage,magneatic.cassettes, magnetic tape,
magnetic disk storagenaEathermagnetic storage devices, or any other medium which can be used to
35 store the desired ipbosination-add:Mitich-eande sccessee-by.theaampuipi A skilled artisan can
A gystem of communicating information may or may not include a reader for reading subject daia.
For example, il biomarker data is acquired by a microfluidic point-of-care device, the values
assigmed to different individual biomarkers may be read by the device itself or a scparate device,
25  Amnother example of a reader would be a system to scan in subject data that has been entered in an
electronic medical record or a physician chart. A further example of a reader would consist of an
electronic patient record database from which subject data could be directly obtained via the
communications network.
{00188} A user station may be incorporated into the methods and systems herein, The user station
30 canactas arcader for reading subject data or as a data entry system. The user station may also be
wsed to communicate data information directly to a user, such as medical personnei or the subject.
The user station platform may be a computer or one of & wide variety of hardware platforms that
Tuns any operating system. The platform may read and write to and from a storage unit, A storage
unit may be incorporated within the user station. As will be readily apparent 1o those of ordinary
35 gkill in the art, other hardware may be used to execute the methods of the invention.



readily adopt any of the presently imovm methods for recording information on a computer readable
medium (002091 The computer readable medium can he incorporated as part of the computer-based
system of the present invention, and can be employed for a computer-bagg% asszses/%ggg&t of a medical
condition. 5 {J02YB1 3% thcare Operating System 1007111 Different aspéects of the invention can be
used and developed for healthcare systems. Examples of such systems include point-of-care systems,
a healthcare operating system or a combination of both. For example, a user may test a blood sample
with a device and the information from the test can be provided to a system or method of the invention,
which in turn sends additional 10information to the user. 10021211n an embodiment, a healthcare
system is part of an integrated infrastructure built around real-time, point-of-care disposable blood
monitoring devices which analyze about 10 microliter samples in a similar manner to automated
replication of the manual processes run by a central laboratory. In an integrated infrastructure,
information can be witeHiessly transmit from an assay t5 device to a database which integrates data
from the device with gasgddatafiem-disparaiadatabasesihatienksacaschsgenetic or genomic
information, data from.glinical:iials)kikie acenmitaiabasac“hasysiemean then allow for the
automatic applicationwaf spathanaticsie-dhe databasedisthe-cantaxt-ak thexpathophysiology of a given
disorder. For examples mhealthcare Sysieruganhe: usedo- tapidky improre the label of key drugs
through adaptive dlinieadstuediesswhigh-cancgersnatet pablications for 20 Label expansions for new
indications, patient sutsppéifiukatiens: ang Foicsrmetidr atirigedef oty oo rienigo 8082131 In an embodiment
of the invention, a heealthearesjisterfoamatratiilizad fe o feattainttsigsed monitoring has
significant implicationwereitsHonoRAURsTTS te St FAtT iR WiTeH tEd tH®%een using the
conventional blood te¥tiity ifftEStvdetiRe THOUP LA, Ry P T HRTS F RS 4T E&Miblary embodiment of a
system of the invéhtid “REAHTE F5 R AHGA BrEtBEEN ek e Be & 6 mplished using a
point-of-care device. Tﬁ@“ﬂdﬁﬁﬁ&ﬁﬁf”@ed’é’iﬁwgﬁﬁcﬁﬁﬁﬁﬁgj JOrE AR drorifahage information based

.o . angd solid state memory. su ROM, M h. Iy addition, the present jnvention . . . .
upon a specific dlseas1ef1 o] cghmgo‘ﬁrﬁgﬁoaoﬁﬁéﬁéar s;d’mewcés’ m@? aa‘i;?%eﬂdcommumcatmn with the
user or a computer Oﬁﬁ?mé?&mlgg to the user. A'point-of-care environment in this example can
be.the home or thg C'l&'ﬁ; Also ﬁllmggira ggj&m&? s lransmiting ghgg%rprgcggup in real-tlme from the
point-of-care device 19,4 30 Serveror svsiem thatiscaraie.Qf coRvang. e information or data to a
physiologically relevagf confext, Jfis.caaRe:ac6mRlihedydanslatingfhe information to a database
or a plurality of databasgs..thedatakasges can be on a server or a plurality of servers. In an
embodiment, a centraliref.dalahasereposiany: isxaet uanalie hagatag@nd return the data to an
end user in a physiologigahraipuaniconiaxt fhasata can-be retrmed.andxn the example of Fig. 11,
information, such as 3&:elisicalisnglevani-and actionabie-daiormationy eambeseturned to a user
through browser-base«sefiwareappicatonsmbhesnicnmation eawdbewsed for adaptive clinical trials
and publications if thesehd:Metis.aNmeacioak egcarchei-BiEphattnvatebttead cimpany. [002151A system
of the invention comptisiigraxgoiitsahe dr&devietirednmimcationsith a healthcare system may not

require the transféf ofrsapriipfe’s Fuethy Sek trerhsportstion ity & labotitoips-sevice

(POTS).
{00193} A user station is in commemication with a server o outpart the information processed by the
sevver, The user station may be the same or different from the user station or device used to input
subject data into the system. The user station may also be an alert or 2 warning system. Examples of
30 auserstation include, but ave not limited to, a computer, 2 PDA, a wireless telephone, and a
personal device, such ag an iPod. The user station may be in communication with e printer ora
display monifor to output the information processed by the server.
[00194] In & networked system comprising a server, any number devices may be membersof a
medical network enferprise and access a centrel collection of medical data stored in z server. A
35 given user station may have access to enormous amounts of patient date from healtheare sources
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5 which 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-teat the point-of-care. Real-time detection integrated with a
healthcare central database system can allow for the creation of comple 88%#)%7@89 a series
acquired by‘gﬁ’ %%W%ggssay device, {002161E1g. 12 demonstrates an exemplary system of the
invention, wherein a health care operating 10system comprises data infrastructure, models and
algorithms, and software applications. The data infrastructure can be used by a phamiaceutical
company for clinical trials across an entire pharmaceutical pipeline. A model or algorithm of the health
care operating system can comprise, for example, predictive and dynamic, multivariate,
multi-dimensional models that can be customized for program-specific objectives and that can map
disease progression and regression. A system can be 15 integrated with back-end algorithms, models,
and data in the data infrastructure. For example, a system can transmit individualized content to users
on device touch-screens or mobile phones. The feedback may assist with behavior modification and
increase compliance wjth.tharany: 4 he.Alaesithms.daessibedihersin.enakie.correlation of blood data to
efficacy dynamics praofilesahehaviaislifestyle, diet, and side-effects. 20[00217) Content can be based
on data for patient clagses=whichreagRiza-physialogicaandpsyeloelogicakpre-dispositions as well
as local socio-environmeatal dfilercesudianetked ambasinmeniie.systeasgan link users through
social networks, wherexstitte snsiories compaunds thre ke eaimbination ©f each tailored borne
health system with a ghiteritierapiic:[©024 8/ Thre-ivealth tar@-d eratingesyistém can interact at the
point-of-care with cormsumirerssiystands! @Bserchr suisir fgusipreatrividy &r graglay reading device, or a
mobile device such ag¥PaEi phtsire. sFRefieirumiteeamy Benmtegraréiith point-of-care home and
mobile monitoring syS$tevHE I e it IR B O =Por RSP TatIErtEeré systems and can provide
on-site, real-time, '‘AutBHTatICPRICASETRG B THIEs o FHTSeRIARESIE” FF&5he instances, field units
comprise a user |nter?ﬁ&%%ﬁﬁﬁ‘ﬁ%éﬁf%ﬂ?ﬂ?%&%@gﬁg‘“ﬁﬁa‘”ﬁ’f’&ﬁﬁ'f:“é’ifveénter a variety of relevant
information, such as: Eéﬁ?ﬁf@@aw ‘°n“méﬁ\/‘}?°8ﬁ“r?fen?a°f‘sbé°ﬁav%‘°rf’ R i psychological information, and
two-way communicat ﬁem’ﬁom EXi sfh men st%:n n;f% mogj;wgnebasonnmjmg mobile phones and back
in

to patients with relgvant content rcﬁvés(é;quflé%e' dcic information. I In . SOME Instances, blood and

environmental data is automathﬂ% (for e expr&pm@g\émg %ﬂymegggmggggg@ models in real time. .
[002191As described hgreinahealh. care-APSIAlNg SYSIEM.CARcRMPLSe Jformation integration
35and exploitation infragtiiciethalReLMitS i example without limitation: data acquisition and
storage of point-of-cagsgsults-nseakdime. e gratian. olblond paramelers aud patient diary data with
all other physiologicaly-eigyant: ifosmaticnyandsasentsalmathamatical.sefware program. The
central mathematical sathwaie-pr oghaa Gam-graphicaty cigualizaplelpdo iafeypret, and analyze all data
in one plane and link amymew iniarmati ondato athseasemanragement-systamichat then maps the
information onto a prebabilityyspaeesieh.clinitabeutcormessidiealiiscane-opekating system or a

for commuaicating with the inpuf device. The storage unit has a database for storing, manipulating

25  and refrieving subject data. The storage unit also may store and run an operating system. The user
station platform may be a compater or one of a wide variety of hardware platforms that runs any
operating system. The platforn may read and write to and from its storage unit. As will be readily
apparent to those of ordinary skill in the art, other hardware may be nsed to execute the software,
[06199] In another aspect, cormputer readable instractions are provided, which when executed ceuse

30 aprocessor to: provide a probability space definad by a set of disciete clinical outcomes, each of
which is characterized by & statistical distribution of af least one biclogcal matker; obtain subject
data corresponding to the at least one biological marker; and calculate fhe position of said subject
data in said probability space to assess the probability of 2 medical condition of said subject.
[06200] The computer readable instructions may be a part of a software package. The software

35  packege can be provided with e server of the invention or an input device, such as 2 microfluidic

poini-of-care device.

20



5 field unit can provide a graphical display of clinically relevant and actionable iMomaation back to the
health care provider and/or the patient or user. 1002201 Possible applications for a healthcare system
of the invention |nclude but are not limited to, an integrated link to an ad%%ti\/lﬁsghl@)%%l;}ﬂﬂ or
healthcare rﬁv(ﬁageme ?system drug and systems combinations for post-prescription monltorlng a
healthcare operating system (for example, a server 10 controlled point of care whole blood monitoring
systems), and identification of correlations to efficacy of key compounds during clinical studies.
[00221) In an embodiment, a system can provide a graphical portrayal of integration of available data
sets to a user. [00222]In another embodiment, a system of the invention can generate data that may
serve as 15 historical data in future studies. A system can be customized according a the needs of a
user, for example, extracting relevant information from a pharmaceutical company's existing
databases, a central mathematical software program which allows a pharmaceutical company to
visually see, interpret, and analyze all of their data in a place and is linked to a clinical trial system.
[002231 When utilizegowith £linical-iialsof phasmacauwicls; asysiemsefidre invention can provide 20
an understanding of camppunehelficacm-distasePregressionand-patientsesponse that zany not be
possible using the conventienakblead {esting wirastiustive r4002243A-database and a healthcare
system can be custormizedde-menitti-trends dieirrassaysovertrnetantt their relationship to disease
progression across d#ferentoindidatiorisowii aserctouritrgdor thedothe prelelant variables or biomarlcers
in the pathophysiologyrofthion disneite FRHecERS T BHoRS e aff Hd*designed to automatically
incorporate all relevarfffiteetdr e rraigppitl HisEs e roré S frr4cTyss relevant indications and
are the foundation of Riétericar R THE HEPE AN b asimiEs CalBE G Mtesigning future studies
and in figure studies W‘éﬁ?ﬁ@?ﬁ%ﬁ%ﬁﬁ%ﬂﬂﬂ%ﬁ?ﬁf&bﬂ%ﬂ@%owde early reads on

efficacy across dlff’eréﬁﬁr"’i‘ﬁf’(’féf’fﬁfﬁg TS B B Tl AR EENTPTaTy databn se comprising

an ontology of blomarakers Pna? are%Oblgglﬂgﬁg sqgme types of medlcal | condi itions. For example, sepsis
as a disease is categ rt% Aysiol Oc%Xf aﬁ'&sal“ﬁak tq}t S O(Qtolag‘gy to Acute Liver Failure
(ALP), Disseminated ngr%vtsas%a% ufar mgo%gmfaﬂll aﬁ@r  the. lik I|ke ach of these pathologies can be

considered a seqqgalla;gc %@gm‘]&qnmtggntex of tfnus ontology. In this ¢ example, a drug used to treat

sepsis is CytoFab. In ggpe.iRsiances.Jhe-seguelas.can. he.rhatacierized Dy the spectra of
biornarkers as 35 desgrle e fFig cokm R R%AMN RlRAbdis Shakasie iZadRy-specific patterns of ALT,
AST, GGT, and AlkaliRa:pbasrhatase. 0022614 ansspesekihadyeatian.the methods, devices and
systems disclosed hergifi eag camprisaadbealifcare operating system. A healthcare operating system
can comprise a centralgentselcystemiteaaliveryeicareto-constimphaaecd #r an economic model for
payola and payees. [(622« 1 In-giRdpeabDodintenta healthcareioparatingsystiem can provide an early
system possibly to 5 detedtithevon seteaitdisedse. Hemystemicanfuirtrercomprise a learning engine that
ties to the preference st tiserdriadilrsaraneetproviderasethe rr dhig-avratability, targeted response
rate, or payment structeife. {0022 8hxceatiniutef sistei birserrersttredivention can include a dynamic

leaning engine, foFPexaHpE aehBEisystem or server receives data, the operations of the system or
server can be #0207} The computer readable medium may be a stotage unit of the present invention as described

herein. It is appreciated by those skilled in the ast that computer readable medium can also be any
available media that can be accessed by & server, a processor, or a compuijer.
[06268) Computer readable media includes volatile and non-velatile, removable and non-removable
30 media implemented in any method or technology for storage of information sach as computer-
readable instructions, data structures, program modules, or other data. Compter storage media
includes, but is not mited to, RAM, RCM, EPROM, EEPROM, fissh 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 medivm which can be used to
35  storethe desired information and which can be accessed by the computer. A skilled artisan can



10updated. A system or server can also call in to siloed databases, extracts, and locally store
~ (permanently or temporarily) information in a central data repository. [002291 In another embodiment,
a healthcare system can comprise a communications portal for a user to communicate an array of
information t‘g‘i(hzg % 39393 such as weight, nicotine consumption, food coﬁgdr%% 187 ﬂsesfg?mse and
physchiatric variables. 15[00230] Fig. 14 illustrates an example hierarchy of a healthcare operating
system of the invention. The central operating system has access to a data infrastructure and
monitoring devices for obtaining subject data, As demonstrated in the example in Fig. 14, the data
infrastructure can comprise a search tool, communication links, analysis of data, and applications. For
example, a communications link can communicate to a consumer, clinician, or HMO. A clinician can
use the information for 29 simplification and effectiveness of his decision making or as a
data/knowledge base background. An HMO could for example receive information of a clinical trial,
such as drug efficacy and the costs of the drug use. Analysis of information in the data infrastructure
as illustrated in Fig. 14.6an-neldde gensalionafadiaiesion. izt logisgudance, collaborative
filtering prediction, disgase maps, and data moons for clinical trials or new drug discovery. Examples
of applications of a dai@@nnkiask ueiticadne e repars FRublic:omprivaia )ysaderts (for example alerts of
a user, clinician, clinicabisalirero phanracy)<dnd-dynanie adiustabledrialsiq®0231] Also
demonstrated in Fig. ttigad@drierarehyspfmformation received by the exemplary operating system
from monitoring devicés NiErdeyiees ta i crdting syStemedaheitionitgrand release drugs if
necessary. In a prefeFeisisefnbodirrertbredevicesrormtsraralitesince bodily 30 fluid. For example,
when monitoring blooW=réicrrEvABES o beetaE sty tdlot ewkcititly prestripustiblood tests for a clinical
or preventative settind B et BT SYERNTE XS UGS SEd ToozsZfiPan aspect, a system is
disclosed that solitits THPHHOHi e user or his agent (for exa mé:)le a thsmlan) to facilitate a
conversation betweeﬂ"??f@%ﬂlgﬁj%@f“ﬁﬁahﬁls agé-sﬁ?’a O I RS G & DENEEN's health at a time.
Examples of input tha’fﬂé?n e *éfbcrrcdfsemcfa Bebb }é:iwm Natsiiie mh?gau*z are go‘f"p F’mlted to, establishing alert
levels, medical notatlgpdmnignersoggj atlon e agtem cgn acqgméﬁéﬁr}lrlcally relevant information

about a person angd place f rfsha(amlmjor!g:nha,geon uj‘jéﬁh)@ aQJQe%%al ly- .re %nablgmgbontext Examples of
clinically relevant mfowgﬂgcgi%ugq?gmggg are.Rot limited: ;gﬂggagwggcgﬁgga@qmmedlcal history, and
germane information. (QQ233LhiaReMbodinsit.dne.dependaentdata canhesepresentative of overall
clinical health or respansg.Haiding:a-dirghnesed-gisaase.conRdilior.that.tegrires monitoring, a

response p rofile for Qimprove the labet of key drugs through sdaptive clinical stadies which can generate publications for
20  label expansions for new indications, patient subpopulations, and for ameiiorating safety concerns,
[66213]In an embodiment of the invention, a healtheare system can be utilized for home, real-time
blood monitoring has significant iraplications which allow us to collect information which cannot be
seen using the conventiomd blood testing infrastructure.
[00214] Fip. 11 illustrates an exemplary embodiment of a system of the invention. Reel-time
25 acquisition of subject data can be accomplished using a point-of-case device. The point-of-care

device can zcquire, store, and/or manage information based tpon a specific disease or compeound.
The point-of-care device may also be in communicetion 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 clinic,
Also iftustrated in Fig. 11 is transmitting information in real-time from the point-of-care device to a

30 server or system that is capable of converting the information or data to a physiologically relevant
context. This can be accomplished by transferring the information to a database or a plurality of
databases. The databases can be on & server or a plurality of servers. In an embodiment, a centralized
database repository is used to analyze the data and return the data to an end user in a physiclogically
relevant confext. The data can be returned and, in the exampie of Fig, 11, information, such as

35 clinically relevant and actionsbie information, can be retumed to & user through browser-based

31-



5 particular drug or combination of drugs, or subject observed observations of his health. 100234!
Calculated or observed information can be provided to a user. Examples of users include, but are not
limited to, a_patient, a thysmlan a clinical monitor for a clinical trial, and OEI ek 2§0d}83al %ersonnel
[00235] Info a%?gr{ e hiso be integrated into a central repository for inclusion m% or example a
tOmedical record or a clinical trial report. [00236] Fig. 15 demonstrates an exemplary system of the
invention wherein an analysis database can receive information from a database containing data from
a reader or cartridge database, historical databases, a patient database that can contain data entered
by a patient, and a customer database. Other features of a system of the invention are demonstrated
in Fig. 15. The system is capable of 15 performing analysis on data received by the system. The
analysis can be any method as described herein and can include developing or utilizing a disease
map, using statistics for a statistically analysis of information within the system, reports or graphs,
and/or a combination of the different methods as described. [00237] Fig. 15 also illustrates a user
interface that may besstiizegldnos. sysiamdsal thevrentionJheLouuserintertace can interact with any
of the components demanstiaiedd-&igrd brbma-peetersle embodiment, the user interface allows a
user to interface with tiressysient toideterminedte stidetaroranalysistodtcotres, such as physiologically
relevant information. Fitspserintefaserheayise Gstolrelrdereenrronitérdteyboard, mouse, or any
other item that alldws ertiser-terinterattwity desysteRyottherinderitiorraswenfd be obvious to one
skilled in the art. 25[0C0S8T ORGP M3 the st Eghipddtigert'manage a reader or
point-of-care device. THig & irEHde HATaYErIEH Ot T TR TE T BErbEfted into the reader for
measurement of data®FUrBREHPIETHTEEFEEmM can provide the reader a protocol for running an
immunoassay of the @ﬁﬁﬁ%gdﬂmﬁtf%ﬁf*ﬁpﬁ%‘yﬁwﬁ Té“ﬁ"‘%’ﬁhwgﬁﬁaﬁ?%‘iﬁ" T8t mation to the reader for
calibration of the ThmtOSEeRySH run on "fFfe (:arf’“"d tf’ﬁsa‘tf"are run”pBr execuf'é%l by the reader. Reader
management can 30 ﬁ?ésgmncc:apdbe In rorf{aorggm %B%mmg e reasaeraFor the ia]ppropnate reading
system for reading an |mmprgoasm§y rom &&er‘ -care ca rtr| glgmebegzazeperpnagement can also

men31

include corrective ang&gvgepy\ée &%%ﬁ'ﬁ&ﬁﬁ%&’@é&gﬁ gmgg;;gymse%gmgtegrated and
comprehensive cqgng@gwggag%@g% &&1@,@’&%&%%&&%@@%@@ is an effective and
systematic processing,Qf ahalify: daisieneies. errars.and malfunctonswith.the goal to provide
appropriate corrective.aatons. a0 diehusnsiste . Preve M- S:rR0sauEeNeR of non-conformance
situations. The CAPAugisategywas-sevalopedidy:tha FoodandRisig.fainigistration (FDA) for the
inspection of medlcalmsaduat&ds[ﬁ%%] Systems and methods described herein can be used for
pharmaceutical climicabtrigisin-semesnsianaes the-systemgantymeinods accelerate trial timelines by
an average of 18 monthBibi-sorieciistancts keisysternormiethod:kerehr may provide dose-response

and efficacy dynamicsyprfite ssimetegsithen t8arientrscfesgthancd Smeomthod loss than 12 months, less
than 10 months less through the cnmbmauonofeachtmloredhomehealthsystcmw:ﬂxangentbmpy

{00218] The health care operatmg system can interact ai the point-of-care with consumer systems,

25 guch ss an assay cartridge, an assay reading device, or a mobile device such ag a coll phone. The
field units can be integrated with point-of-care home and mobile monitoring systems. Field units can
be remote, portable patient care systemns and can provide on-site, real-time, automatic processing of
cartridges for blood analysis. In some instances, field units comprise a user interface, allowing
patient to initiate asseys and graphically enter a vatiety of relevant information, suck as: patient

30 diaries, environmental, behavioral, and psychological information, and two-way communication
system from the instraments to medical personnel or mobile phones and back to patients with
relevant content, messages, and health information. In some instances, blood and envirenmental data
is sutomatically (for example, wirelessly) transmitied into models in real time,

{00219} As described herein, a health care operating systern can comprise information integration

35 and exploitation infrastruchire that permits, for example without limitation: data acquisition and

storage of point-of-care results in real time, integration of blood parameters and patient diary data



5 than 9 months or even less than 6 months. Real-time phannacoldnetics and pharmacodynamics may
provide better efficacy and more safety information. The methods herein may also decrease the risk of
toxicity slowing a Broval or restricting use by shifting.dose across: sub-pog,lf,laggﬂrégmg&%gomitant
medications‘,wan;ﬁn{a?ﬁ%qg indications. In other instances, a system or method Rerein can improve
predictive visibility into pathway dynamics. A model as describe can produce predictive insights and 10
power strategic decisions. A system can support communications with regulatory authorities
internationally and can facilitate 'learn and confirm' strategy for adaptive clinical trials. [002401A
system herein can include a data management system. The data management system can be
operated through a plurality of devices or systems, or by a single central server. An example of data
management of a system of the invention is shown in Fig. 15. A data management system can
15receive input or output from, for example, a point-of-care reader, a database (such as an analysis
database or a historical database), and a terminal (such as a user interface). A data management

system can also conduchsiRrageiRanagemant.dar.axamplensiarage.ef apalient's individual data or
storage of informatiorutelateddo.a-paticuaL-liss ase .ok arig.pee filadrar example, if using a system
and/or method of the piesent iRy eatienio-conduet if clincaltiahaiyan expermental drug, the data 20
management and stosage-ianagamentSysemsdandece vaidatadieantaepoint-of-care hour a
reader, and then store:the: isfermatienindatabasey iorandlysistdithegdatas Both the patient data and
the analysis data maytiehperstoredforfutare wse of a system.. For example, if one side effect is
noted in a patient in PUeEYecsitf ppichivie fif thpelbota e cfdaffeérirforhmtion fméybe used for the analysis
of results of a patientrisErsbinkIH=pyither siiisidzd arheibasamestive FEReinie S8 iabetic 25 individual may
receive a glucose meaStrER Enraram Rt tih eh-tire P A b IEdTE evaluate the condition
of the individual at’a IFHEFHHE TUTOWRTG aHETIEPAREESUPEHTEHE B XRRBI'E | 1002411Prostate cancer
and anthangiogenesi&ife@afireEstdos2 A Biuse | or Phase Da clinical trial for treating a subject
diagobsed with prost%"ézggﬁnceén}”\?\‘/ﬁ A R ARG omiE Uy SN 6 fo 8688 adjustments during the
trial. The subject is mgﬁﬁfﬁﬁve a.c9urse of time during the clinical study. The method of action of
he anti-angiogenie drug.| Dﬁ Eﬁh& ?aW‘W%ngTSena’#vmsswiaée fmaan 4 Around the tumor, thereb
the a . giog I? utgmgdla%mg e g.gsysgmcmbcgu&unzegﬂmo%mga%cneegs Q'a_usm gr . ! y .
depriving the tumor of adequaie blood Supply, L 0is may.IndUCe ISehernia.and nutritional necrosis in the
tumor, thereby debulldpg the IRROL. JO0243] After ihe.methad.of actian is determined, discrete
clinical outcomes are;ghosen.hy.medicalRersanngl; sHeh, as.a.nhysician or clinical monitor. The
discrete clinical outcogags wRosem s SXANpS-AeCO MPISLS HeSRRNSE (&R, partial response (PR),
non-response (NRy, anddaaMesse tijsad @Rt R tARRY ] he Akl Rgalaiedatathe anti-angiogenic drug is
hypertensive encephalepaiiig a bhitional blood testing infrastructure.
{00224] A database and a healthcare system can be customized to monitor trends protein assays over
time and their relationship to disease progression across different indications while accounting for
the other relevant variables or biomarkers in the pathophysiclogy of the discase. The customization
25  can be designed to automatically incorporate all relevant data for use in mapping discass progression
across relevant indications and are the foundation of historical data. The maps and baselines can be
used in designing future studies and m future studies to extract better information from blood test
results and provide carly reads on efficacy across different indications.
[09225] Fig. I3 demonstrates an exemplary datahase comprising an ontology of biomarkers that are
30 related some types of medical conditions, For example, sepsis as e disease is categorized as 8
pathophysiclogy and iz hinked in this ontology fo Acate Liver Failure {ALF), Disseminated
Intravascular Coagulation (DEC) and the like. Each of these pathologies can be considered a
sequeliae of sepsis in the context of this ontology. In this example, a drag used to {reat sepsig is
CytoFab. In some instances, the sequellae can be chatacterized by the spectra of biomuarkers es
35  described in Fig. 13. For example, ALF is charecterized by specific pattemns of ALT, AST, GGT,
ardd Alkaline phogphitase.



5example. [00244] Six biomarkers representative of the clinical outcome of the subject with prostate
cancer are chosen to define the discrete clinical outcomes. The biomarkers are PSA, TPS, hK2,
VCAM-1, Enclothelin-1, and 64ceto-PGF-1-a. Using these bioraarkers and.the COITeS onding historical
data on the &8&?8%@!"8?10%f prostate cancer treatments with anti-angiogenll)cC ¢ I‘Etjjsgzsgogsﬁ Wwéll as data from
other 10subjects in the clinical trial, a cluster analysis is performed. Each discrete clinical outcome is
assigned to a tAnuoid 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 relevant
biomarkers. The probability of the subject belonging any of the discrete clinical outcome classes is
determined using the Mahalanobis 15distance, from which a probability is calculated using a Bayesian
estimation. The result of this calculation returns the four probabilities corresponding to the four clinical
outcomes of the example. The position of the subject is determined by plotting the four probabilities in
the probability space. [002461 The probability space corresponding to four clinical outcomes is
graphically displayed gsasauaeinvacimansiansLhe weer afibamodel, in this example, medical
personnel, establisheg2QJulgsfoihemedical.aandifionnithasubjact based the subject data's
position and/or trajectomtisgthejiebabiib.space drach-discreta-clinigal.auigeme has a line
representing the rule psbalnlishecubythe-medieatdp orsoanelias showmbythecdashed lines in Fig. 16 .
When the subject erossesthe: dutted Aine-icwarntschesCRuorducongitions, the subject is substantially
free of ADR and has impreved histhensprognosid-25fG0a4 il Figtd §pthatrajectories of two different
subjects are plotted. Suieetbhas a trajectory that starts in the middle of the probability space and
then heads towards tHE&28 Rresm it e retiis By praxie fredidarperss iiel may notice the
trajectory's speed or SEEEtet SHBTFANSTATEIVEEIPr tPRIFEAIMETI WHETPStbject 1 's trajectory crosses
the dotted line towardS¥Fd41Re EoRb T Ghardh FE a8 f&dical personnel react
accordingly. 30[002487"SHBf & THEY e raiebr TRHEHESI% towards the NR condition. The dose of
the anti- angiogenic df g Hre At ST e g bl C8 S S BR e S TE i E Yo r8E S&tablished by the medical
personnel. After the adfusfment gﬁﬁTeay&jomﬁémﬂ%%tf@gc%ﬁhﬁsévélgf’n"é“é’ﬁgr?sg‘%’p§°f’éwards the PR condition.
The example illustgat &&mﬁbﬁiﬁ‘;?rﬁ%ﬁ%e%%&%LQ&%@!%&@&%%‘QEQ”ng a clinical trial. 35
EXAMPLE 2 1002491, SepSis. and AN M. TGaIME IR e moniering dovices e b

subject data. As demonstrated in the example in Fig, 14, the data infrastruciure can comprise a

search tool, communication links, analysis of data, and applications. For example, & communications

link can commmnicate to a consumer, clinician, or EMO. A clinician can use the information for

20 simplification and effectiveness of his decision making or as a dara/knowledge base background. An
HMO could for example receive information of a ciinical trial, such as drag efficacy and the costs of
the drug use. Analysis of information in the data infrastrueture as illustrated in Fig, 14 cen include
generation of a trajectory, foxzy logic puidatice, collaborative filtering prediction, disease maps, and
data reports for clinieal trials or new drug discovery. Examples of applications of a data

25 infrastructure include reports (public or private), alerts (for crarmple alerts of a user, ¢linician,
clinical trial, or a phermacy), and dynamie, adjustable trials,
[60231] Also demonstrated in Fig. 14 ig the hieratchy of information received by the cxemplary
operating system from monitoring devices, The devices and eperating system can monitor znd
release drugs if necessary. In 2 preferable embodirnent, the devicss monitor analytes in a bodily

30 fluid. For example, when monitoring blood, the devices may be capable of execating prescription
blood tests for a clinical or preventative setting or evaluate drug systems as demonstrated,
{00232] I an aspect, & system is disclosed that solicits inpat from the user or his agent (for example,
a physician) to facilitate a conversation between the subject and his agent abont the status of the
person’s health at a time, Examples of input that can be solicited by a system include, but are not

35  limited to, establishing alert Jevels, medical notation, and personal notation. The system can acquire
clinically relevant information about a person and piace the information in a physiologically-

3



1002501 Subjects with confirmed or suspected sepsis or systemic inflammatory response syndrome
(SIRS) are treated with an anti-TNEP therapeutic during a Phase Jib (dose adjustment allowed) or a
Phase IQ (no dose adjustment allowed) clinical trial. The subject is monitored over a course of time
5during the gf%%a?%ﬁé The method of action of the anti-TNE drug is ahtiAnEmm s 6‘%7 The drug is
aimed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNF drug is
given in corn unction with a broad spectrum antibiotic. [002511 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 (It), non-response 10(NR), and four &equalise (disseminated
intravascular coagulation (NC), acute respiratory distress syndrome (ARDS), acute liver failure (ALP),
and acute renal failure (ARP)) 1002521 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 into multiple categories to monitor the different discrete clinical

outcomes as defined by, 1he.taPhysic gt LRoRielelh.Binding. Riiein:dBRLLiomarkers measure
infectious growth and,the \tandMi.conditians -khe:l.BP biomarkers are LBP, TNF, CRP, 1L-6, and
IL-13. Biomarkers thaisasg.re lemanitatheNe: candiicaaraman illebrandisfactor, Protein C,
thrombin, procalcitonigyreapieidpaanddRidR-Lndiekbiemaniceniaf the-ARSeendition are von
Willebrand's factos, |Lpafiguli an pddondipdiad: b dlae: biowaasieess-ofiheaAl P condition are ALT, AST,
GOT, LDH, Alkaline 2@:phephatesesizirshins-and-Protein:G«= Fherkiolnarkers of the ARE condition are
Creatunne and CystinuG:=1062684 Using:theidboniariberscdesdilpedsinmthisraxirnple and the
corresponding historieabgldta on the progression of sepsis and the treatment of sepsis with anti-TNF
therapeutics as well d¥%RiErfrrroticr Stbjets tretheceinc &t eiledpivstarinalysis is perfonned.
Each discrete clinitalBtttsife s 257 d@85ifed to a centroid of one of the clusters. [00254] Before the
subject is treated witHRE d g THE et T e STy AL BTGRP tHE fF6BHHility space based upon
the subject's data froWﬁé‘ffWﬁ’ﬁ’tz“Bﬁ)dﬁ??éWWﬁ@ ?’éffédﬁ‘ ?W%ﬁ j&8Fbelonging to any of the
discrete clinical outcodﬁ‘f?“&sté%"é"s |t§b“det¥%%‘|’ﬁ“é‘“d Vg “We N EUEIEROS isf&ince, from which a
probability is calculaté)ﬁﬁuslnag a gaa/mesmn ?nmadﬁ"éﬂ e r%syff:fgﬁ qnl c clf ulation returns six

kV.ﬁ i e systems. The

probabilities correspon&f@"ﬁggiﬁs X cll n|c utcomes olfmhe e Cgpwgwm e posmon of the subject is

determined by pIottlngﬂagﬁgg%ng%é}éﬁi‘éig %ﬁp}‘;ﬁ”g@gﬁg’i?ﬁﬁﬁ&m gﬁcggt The probability space
corresponding to the Mogslgg&gggdcllnlcal outcomes is graphlcally dlsplayed as a hexagon in two
dimensions. The physigiameatahlishes Julesracking noRtesponsive.dnasuliects and possible advent
of sequellat. The ryles.aie-RlQLEE-QNNSREXAAGNELILARR-AIOS B .

2009/120909PCT/U S&m@,&g%&iﬁm allows 2 user to interface with the system to determine test data or

analysis eutcomes, such as physiologically relevant information, The vser interface may be & fouch
seresst, meonitor, keyboard, mouse, or any other item that allows a user fo interact with a system of
the invention as would be obvious to one skilled in the art.

25  [00238] As shown in Fig. 15, a system can be utilized to manage a reader or point-of-care device,
This can include management of a cartridge to be inserted into the reader for measurement of data,
For example, the system can provide the reader a protocol for rurming an imymmoassay of the
cartridge. A system of the invention can also provide information to the reader for calibration of the
imrauneassays run on the cartridge that are rin or eéxetuted by the reader, Reader management can

30 alsoinclude information for assigning Lhe reader for the appropriate reading system for reading an
immunoassay from a poini-of-care cartridge, Reader management can aiso include corrective and
preventive actions (CAPA), which is an mstroment of integrated and comprehensive compliance
management. An elersent of the CAPA approach is an effective and systematic processing of quality
deficiencies, errors and malfunctions with the goal to provide appropriate corrective actions and

35  consistently prevent a reoccurrence of non-conformance situations. The CAPA strategy was
deveioped by the Food and Drug Administration (FDA) for the inspection of medical products.



illustrated in Fig. 17. The medical condition of the subject is based the subject's position and/or
trajectory in the probability space. [00256]1n Fig. 17, the trajectories of two different subjects are
plotted. Subject | has a trajectory that starts with a high probability of being a member of the DIC
condition. H e%?gr 13¥%e 5 subsequent time points are taken, the subjel%T gfgg ’5?‘?%607%5 away
from the DIC condition and towards the NIL 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 It condition. The physician assesses the medical condition of
the subject at any point in time along the subject's trajectory. 101002571 Subject 2 has a trajectory
that begins in the middle of the probability space and heads towards the Nit 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 alarm alerts the physician that the subject has a high probability of
suffering from one of the dangerous clinical outcomes of sepsis. 15 EXAMPLE 3 [00258] Diabetes and
henna Sensitization [QRpQl-sulissisMith.neR-nsHlin0apanaenttyRe <diabetes are treated with a
commercially availablg.insthin sapsitizarn.and are-menitaied far sificany and. safety wherein the primary
APR of 20 concern isszengesiiveshearkda b (& B bhepubjaciismanitared over a course of time
during the clinical stughtd:he-methadiaiaation ohthesinsulinsansiten muelves re-establishing insulin
sensitivity in the subjeetviamptagesnisas emasmicipariesepio: i thenadipesentissue and the liver. The
insulin sensitizer andrméthad Gfactiomasttddmereae ghutose npték&amstiterigeripheral tissues and
thus reduce the circulatngy ghyeenaial 2500266 AhSnbiecten diaphysicierrdtose the best set of
discrete clinical outcormésiasred rerirt fdirathre Sefiyjdrerasenrorn parsmafifennation. The discrete clinical
outcomes are responsEiR s tPade fsr R P st e Bt RFIEHCHBIE (APR). The APR is
congestive heart fAilurE=TOUPBTT Rt tHreect frfear gt eshad s 8 ¢Hi8en, biomarkers most
representative of the Wﬁ?%ﬁﬂ%ﬂeﬁ@émﬁﬁ?&mﬁﬁm%g}/ discriminant analysis. The
biomarkers representative of 3’(f“”1"l“”ca&“‘:l O 18 THETTR SERS VT TESTErTa aré ‘& glucose, insulin
adiponectin, and re5|sb?|ﬁ ot eStive. 'ﬁéarbf’ famiﬁrm%'eﬁ‘feﬁese’fﬁﬂé representatlve biomarlcers

as Brain natriuretic pew*t eN\l-gfamrﬁ'@rél)o é'enrlr%”é m- KRR Atrial natriurctic factor (AN?), IL-1.

Troponin-C, Card|ac &agyseaméjomﬁgﬁngﬂgrmgemi qusnln Iugﬁ1 a]qféé mggmé_bln MMP-9. Using these
Iriomarkers and the cgggmgggumtgkﬁggm%r%mw%%gggggglgﬂag&ﬂgalHster analysis is

storage of information related to a particular disease or drug profile. For exarepls, if using a system
and/or method of the present invention to conduct a clinical trial on an experimental drug, the data
20  management and storape management systems can Teceive data from the point-of-care froma
reader, and then store the informmtion in databases for aalysis of the data. Both the patient data and
the analysis data may then be stored for fitture use of a system. For example, if one side effect is
noted in e patient in Phase I of a clinical trigl, that side effect information may be used for the
analysis of results of a patient in Phase IT¥ of the clinical trisl. As another example, a diabetic

25 individual may receive a giucose measurement at an earlier time, which may then be used to
evahate the condition of the individual at a later time following another measurement,

EXAMPLE1
[00241] Prosiate cancer and anti-angiogenesis treatment
30 [00242] A Phase k or Phase Hia clinical {rial for treating a subject disgnosed with prostate cancer with
an anti-angiogenic drug allows for dose adjustments during the trial. The subject is monitored over a
course of time during the clinical study. The method of action of the anfi-emgiogenic drag is to halt
the growth of blood vessels in and around the tumor, thereby depriving the tumor of adequate blood
supply. This may induce ischemia and muritional necrosis in the tumor, thereby debulking the

35 tomor.
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35 performed. Each discrete clinical outcome is assigned to a centroid of one of the clusters. [00262]
Before the subject is treated with an insulin sensitizer, the subject is assigned a position in the
probability space based upon the subject's data from the relevant biomarkers. The probability of the
subject belo ém& 3&%/0%? the discrete clinical outcome classes is determu’?gcmjéqﬁ%}a &SSMahalanobls
distance, from which a probability is calculated using a Bayesian estimation. The result 50f this
calculation returns three probabilities corresponding to the three clinical outcomes of the example. The
position of the subject is determined by plotting the three probabilities in the probability space. 100263]
The probability space corresponding to three clinical outcomes is graphically displayed as a trian.gk in
two dimensions. The physician and subject establish rules most important to the 10 individual 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. [00264] In Fig.

18, the trajectories of jya,different.siiecisiareploliad «Stbiech) has.a.waiggtory 15 that starts in the
middle of the probability.space.anthen headstovwardsthe.ADRaRdItioN:IN this example, the
subject may notice thediaiecianes specdphaccalasaiinnnantas skl eiysieian if a change in
treatment is necessanaAM hem, Sl bjrcids dha ecton:6rass e Sthendotied-lipastawards the ADR condition,
an alarm is triggered.kR@.subject may react by going to the hospital. 100265] Subject 2 has a
trajectory that heads towasdsidhe-NEconditon: Fhe-dosetituedviulinRGsensitizer is adjusted
corresponding to the rulescedtaibiitiradivipineophyBitiartanc Hio BEBRECICARer the adjustment of the
dose, the trajectory hé&aeirig lchéitgeiSfowdrtlsitre oo md orr=Thirdiarrpke Hustrates a method of
the invention for moniterirryediatiticsabieerraihig-saeemifer e i HsttiFrer™nd, with the help of a
physician, monitoffhg thHeSuPjEErs S EE s Ee AT SSEXRMPEEY°[00266] Graphical
Representation of the*Cfiffitartstitesrd B4 Subject 100267] The example demonstrates a method for

communication of the[?"éisﬂﬁfg"ff'ﬁﬁ\b’fﬁé‘ Tﬁﬁ?ﬁﬁ’ﬁaﬁﬁé‘fﬁ%ﬁéﬁ%@%ﬁ?ﬁ method is to plot a series of
points and vectors in & a‘%%oﬁaﬁw&s@%} hgodTigonmﬁwe ver’f"f:es ofgt'ﬁe m%on represent the

C8 1

centroids of clustefs o’fb scre% 6CIIDaLCt ultglorpes E‘O&II ‘9 nts represents the
ihty is ca A ay 3 on.
probability that the su%smf:t dagta eonpgga}txgugacﬁ cq‘m rogh o h; gjrog } thle point belonging to the

3 COrTespOory

discrete clinical outcome%w\{ggggegt propartionalie dhe.disiance. of. thal from the vertex. Since
the vertices representglitersignifi ﬁ%l@%%%@%ﬁ&x@%@,gﬂ%g@ gjgllltles for a given point

must be . square in two dimensions. The user of the model, in this example, medical persotnel, establishes

26 rules for the medical condition of the subject based the subject data’s posiftion and/or trajectory in
the probability space. Each discrete clinical outcome has a line representing the rule established by
the medical personnel, as shown by the dashed lines in Fig, 16 . When the subject crosses the dotted
line towards the CR or PR conditions, the subject is substantially free of ADR and has improved
hisher prognosis.

25 [00247}In Fig. 16, the trajectories of two different subiects are plotted. Subject 1 has a trajectory
that starts in the middle of the probabilily space and then heads towards the ADR condition. In this
exatnple, the medical personne! may notice the trajectory’s speed or acceleration and intervene in
the freatment. When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
atarm is activated. The medical personne! react accordingly.

30 [00248] Subject 2 bas a trajectory that heads towards the NR condition. The dose of the anti-
angiogenic drug treaiment is adjusted corresponding fo the rules established by the medical
personnel. After the ediustment of the dose, the trajectory heading changes towards the PR
condition. The exarople illusirates a method and embodiment of the invention for monitoring a
clinical trial.

35
EXAMPLE2
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100268] A set of vectors is created where each value of a vector represents the probability of 3%
membership in each of the clusters. The modulus (magnitude) of the values is the probability and the
argument (angle) of the vector points to a vencx, which are equally spaced. The vectors are summed
and the resu é{’B?fi]r?P?gs\ocated in the composite probability space. TabB T BREE Enical outcome
Time Point it NR ADRI ADR2 AD113 20 20 20 20

100249 Sepsis and Anti-TNF treatment
60255} Subjects with confirmed or suspected sepais or systemic inflammatory response syndrome
{SIRS) are treated with an anti-TNF therapeutic during a Phase 11b (dose adjusirnent allowed) or 2
Phase Il {no dose adjustment allowed) clinical trial. The subject is monitored over s course of time
5  during the clinical study. The method of action of the anti-TNF drug is anti-inflammatory, The drug
is abmed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNE
drog is given in conjunction with a broad spectrum antibiotic.
[00251} After the method of action is determined, discrete clinical cutcomes are chosen by 2
physician, The diserete clinieal outcomnes chosen in this exampie are response (R), non-response
10 (NR), and four sequeliae (disseminated intravascular coagulation (DIC), acute respiratory distress
syndrome (ARDS), acute 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
fail into nmultiple categories to moniter the different discrete clinical outcomes as defined by the
15 physician, Lipoprotein Binding Protein (LBP) hiomarkers measure infections growth and the R and
NH conditions. The LBP biomarkers are LBP, TNF, CRP, I1.-6, and IL-8, Biomarkers that are
relevant to the DIC condition are von Willebrand’s factor, Protein C, thrombin, procalcitonin,
neopterin, and PAF-1, The biomarkers of the ARDS condition are von Wiliebrand’s factor, IL-6, IL-
8, IL-1, and TNF. The biomarkers of the ALF condition are ALT, AST, GGT, LDH, Alkaline
20 phophatase, bilirubin, and Protein C, The biomearkers of the ARF vondition are Creatinine and
Cystin C.
[00253] Using the biomarkers described in this example and the corresponding historical data on the
progression of sepsis and the treatment of sepsis with anti-TNF therepeutics as well as data from
other subjects in the clinical trial, a cluster analysis is performed. Each discrete clinical outcome is
25  assigned to a centroid of one of the clusters.
[#0254) Before the subject is treated with the drug, the subject is assigned & position in the
probability space based upon the subject’s dats from the twenty biomarkers, The probability of the
subjest belonging te any of the discrete clinical outcome classes is determined vsing the
Makalanchis distance, from which a probability is caleulated using 2 Bayesian estimation. The result
30 of this caloulation returns six probabilities corresponding to the six clinical outcornes of the
example. The position of the subject is determined by plotting the six probabilities in the probability
space.
{00255] The probability space corresponding o the six discrete clinical outcomes is praphically
displayed as a hexagon in two dimensions. The physician establishes rules tracking non-responsive
35  subjects and possible advent of sequellae. The rules are plolted on the hexagonal graph as lines as
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illusrated in Fig. 17. The medical condition of the subject is based the subject data’s position and/or
frajectory in the probability space.
[00256] In Fig. 17, the trajectories of two different subjects are plotted. Subject | has a trajectory
that starts with a high probability of being & member of the DIC condition. However, as the

5 subseguent time points are taken, the sabject trajestory 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. AL'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 al any
point in time along the subject’s trajectory.

10 (00257 Subject 2 has a trajectory that begins in the middie of the probability space and heads
towards the NR condition at T = 1, However, at T = 2, the subject’s position and trajectory are in
violatior. of the rute established by the physician and an alarm is sounded. The alarm aletts the
physician that the subject bas a high probability of suffering from one of the dangerous clinical
outcomes of sepsis.

15

EXAMPLE 3
[06258] Diabetes and Insulin Sensitization
{00259] Subjects with non-insulin-dependent Type 2 diabetes are treated with a commercially
available insukin sensitizer and are monitored for efficacy and safety whevein the primary ADR of

20 concern is congestive heart failure (CHF). The subject is monitored over a course of time during the
clinical study, The method of action of the insulin sensitizer involves re-establishing insuiin
sensitivity in the subject via antagonism of a nuclear receptor in the adipose tissuc and the liver. The
insulin sensitizer and method of action act to increase glucose uptake in the peripheral tissues and
thus reduce the circulating glycernis,

25 [00260] A subject and 2 physician choose the best set of discrete clinical outcores and rules for the
subject based on personal information. The discrete clinical outcomes are response (R), non-
response (NR), and adverse drug reaction {(ADR). The ADR 1is congestive heart fzilure.

[68261] After the three clinical outcomes are chosen, biomarkers most representative of the medical
conditton of the subject are determined by discriminant enalysis. The biomarkers representative of

30 efficacy of the inyulin sensitivity treatment are glucose, insulin, adiponectin, and resistin, The ADR
of congestive heart failure identifies the representative biomarkers as Brain natriurefic peptide
{BNP), amino-terminal-pro-BNP (N-BNP), afrial natriuretic factor (ANF), IL-1B, Troponin-C,
Cardiac fatty acid binding protein, Myosin light chain-1, Myoglobin, MMP-9, Using these
biomarkers and the cortesponding historical daia on the type 2 digbetes, a cluster analysis is

35 performed. Each discrete clinical outcome is assigoed to a centroid of one of the olusters.
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{00262] Before the subject is treated with an insulin sensitizer, the subject is assigned a position in
the probability space based upon the subject’s data from the relevant biomarkers, The probability of
the subject belonging eny of the discrete clinical outcome elayses is determined sing the
Mahatanobis distance, from which a probability is caloulated using & Bayesien éstimation, The result
5 of this calculation returns three probabilities corresponding to the three clinical outcomes of the

example. The position of the subject is determined by plotting the three probabilities in the
probability space.
160263} The probebility space corresponding to three chinical outcornes is graphically displayed as a
triangle in two dimensions. The physician and subject establish rules most important to the

10 individual diabetic subject. The rues are to track the NR and ADR condifions, 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 inoreased according to & rule when the subject has & high probability of
being 2 NR.
{00264) In Fig. 18, the trajectories of two different subjects are plotied. Subject 1 has a trajectory

15 that starts m the middie of the probability space and then heads towards the ADR condifion. In this
example, the subject may notice the trajectory’s speed or aceeleration and ask the physician if 2
champe in treatment is necessary, When Subject 175 trajectory crosses the dotted line towards the
ADR condition, an alarm is triggered. The subject may react by going to the hospital.
[06265] Subject 2 has a trajeciory 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 subject, After
the adjustment of the dose, the trajectory heading changes towards the R condition. The example
illugtrates a method of the invention for monitoring a dishetic subject taking a cormercial insulin

sensitizer and, with the help of 2 physician, menitoring the subject’s own condition st home.

25 EXAMPLE 4
{00266} Graphical Representation of the Clinical Qutcome of a Subject
{06267 The example dersonstrites a method for communication of the results from the
mathematical model to 2 user. The method 18 to plot a series of points and vectors in a space
bounded by z polygon. The verfices of the polygon represent the centroids of clusters of discrete

30 clinival outcomes. The position of the points represents the probability that the subject data belongs
o each centroid. The probability of the point belonging to the discrete clinical outcome is inversely
proportional to the distance of that point from the vertex. Since the vertices represent afl the
significant clinical outcomnes, the sur of the probabilities for a given point must be 1,
[00268] A set of vectors is ereated where each value of a vector represents the probability of

35  membership in each of the clusters. The modutus (magnitude) of the values is the probability and the
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0 1000000 5100 2691 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 cluster. 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 sa*6h? G292 For the data in the table a graphical representa%‘aﬂ[@zgp@/gf’gaﬁ%s illustrated in
Fig. 19. We see 10that the 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 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 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, [002711Additional
information can be included in the output of the probability space, including the points representing the
data of the discrete clinical outcomes that defined the clusters and cancroids. 5Fig. 20 illustrates a
graphical representatjgn.of 1, user dalaR0UU Syt AME: 2 0 %41 R kugdevelopment is an
extremely risky propogitiQRefAYshibe-lash decada. thefailke rates

Table 1

Discrete Chnical outcome
Time Point R NR ADRI ADRZ ADR3

1 20 20 20 20 20
2 25 10 25 20 20
3 30 10 20 20 20
4 40 10 3¢ 20 20
5 50 10 10 10 20
] 60 10 16 {1 16
7 80 10 5 5 L]

8 166 0 0 0 0

5 [00269} For example, in Table 1, sach row represents the position of one point. The columns,

labeled at the top, represent the probability that the point is 8 member of that cluster. 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,
{00270 For the dats in the table a graphical representation is created ag Hlustrated in Fig, 19, We ses

10 that the surrounding polygon has five vertices, each labeled as ons of the columms in the tabular data
above. The first point of the set, at the tail of the chain of arrows, iz at the center of the drawing,
indicating that the percentage probability that the point is in any of the clusters is the same a5 the
others. In this example, as the wajectory grows through time, the probability of the subject data
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for clinical programs have been identified as high 90% with an amortized cost of nearly one billion 10
dollars per approved drug. These failures are due to any number of factors. These include, but are not
limited to: a fault othesis as to a target's role in the evolution and path siolo g/ of the disease;
the testing of tha Gﬁ&/g GtHesis in an inappropriate, and non-predictive, aniffd ffﬁg %?gﬁlty hypothesis
regarding a compound's MOA; inappropriate dosing schedules for individuals within target
subpopulatiom, including inappropriate pharmacokinetics/pharmacodynamics (PKJPD) 15
characteristics; and developing untoward physiological effects (for example, Adverse Drug Reactions -
ADRS) in some segments of the patient population and thus decreasing the therapeutic index for the
compound in that population. (002731 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
subpopulation in a confirmatory trial; and (c) develop a truly adaptive dosing protocol based on the
individual PKs and PRs:Qf thesespendripepulalion. -1 A0244+Akeal ime senitoring system is used
identify the emergence.pistheseabamacierstic sibpopitatians earlier rather than later, to efficiently
manage and control teerglmtcalk iiiahand.alows2b dherelnicakress ssehiteamunake precise decisions
regarding trial managementsaa:a-patien dby-patientbasisx k-ayanicakly idemntifies the compound's
effects in one particuks Wriakeuhj@et-and-dremmphiysically=tittating that patient's dosing regimen to
accommodate a truly adaptive "Learn and Confirm" model of drug development. (00275j Longitudinal
sampling of proteins is performed with Parh p&#&itiE¢herein the proteins 30 represent both the
pathophysiology of th&*ftEeadecarethe rrretibioratiin Or thétbiipBUfa: Astandard cluster analysis
is applied at each saﬁ’i‘ﬁl’é‘%iﬁ‘f@"’ﬁ‘b‘iﬁf?ﬁ%ﬁ‘é“fﬁﬁg?tﬁd?ﬁﬁl‘@&?ﬁ@’ﬁb’?%ﬁ%ﬁié‘yfﬁﬁ%ﬂconS|stent with the
evolutionary dynathic®'8t therpEtep Hysi S5 b P e areeaSE™ S AHffp8fed method of action and
PD of the test compoﬂfhlﬁ“‘Tﬁdf?%’ﬂ’Ef Ti’f’“(‘f&ﬁﬁﬁ%‘?‘eﬂﬁgﬁ” it ’rlﬁ"%%“ ’%1" r?”lféhfg_?nce of separate
subpopulations withir{ the f”’éf'ﬁ nj?fhes‘mm apfmﬁagﬁdﬁmﬁm Qt%e Wit L W6 complementary
clustering statistics: d’ff[") tering” ¢ &lterlon  (GCC) and Iibmﬁgeiu O-EP\H) ich help the end-user

establish the num}germ'?ﬂgz gsruﬁe s eme m% mgw arjtrﬁ; Qolggglgg&r@et%pqs Agemgr@strated in Fig 21. [00277]The
end-user uses both the m§tat|§lr,5g§ Q!%EJ&&QLS &%\Qp@@g 2 M@gsm@%%%&j the cluster scatter plats
to make the final detggmination.asdQ LQw.many distinct subpopulatlons exist in the 5 clinical study.
Guiding this determinggiapmvil.Re aforesknowledge:alihe.numbean aftreatmeant (cohort) arms, and any
fore-knowledge as todhg.ebatacigral-a3pessihle-MaR: Lhe.raetbadalogy amvill skggest a number of
clusters to the eneh usespaadsnidd) e qpresentagehpatiphi-asto.his/hesaluster assignment. The
cluster assigmnent anéhthackiewn assighrient phacpatienhdaaideentmerisemkort or ADR outcome are
then used standard assigrmentstatistics to calculate both the sensitivity 10and specificity of the
assignment rule. 106274] A real-time monjtoring systen: is used identify the emergence of these characteristic
subpoprlations earlier mther tham later, to efficiently manage and control the clinical trial and allows
35 the clinical research tear make precise decisions regarding trial management. On 2 patient by
patient basis, it dynamically identifies the compound’s effects in one particular trial subject, and
then physically titrating that patient's dosing regimen to accommodate a truly adaptive “Learn and
Confirm” model of drug development.
{00275} Longitudinal sampling of proteins is performed with each patient, wherein the proteins
30 represent both the pathophysiology of the discase and the method of action of the compound. A
standard cluster analysis is applied at each sample tine point in the longitudinal sampling space that
is consisteat with the evolutionary dynamics of the pathophysiology of the disesse, and the
purported method of action and PD of the test compound.
{60276} Identification of the dynamics of the emergence of separate subpopulations within the trial
35  sample population can be performed with two cornplementary clestering statistics: Cubic Clustering
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1002781 After determining that the dusters 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 Wé}égaﬁ”éﬁ%’sed to the compound at a given dose, and if theh &gfﬂﬁ“(?ﬂgﬂgﬁ%gf distances,
speeds, and directions, suggest that some may be slow responders, then the end user may decide
that those patients should receive a higher dose. 1002191 Based on the assumptions developed
herein, in silk populations of virtual patients are created for each hypothetical patient subclass. A time
dependant Monte Carlo simulation is run to identify the emergent clusters. After the simulation is run, a
new set of mean vectors and covariance 20structures is established and the simulation studies are
repeated. 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 clusters were suggested, 1002801 Results of the emergent dynamics by Monte

Carlo simulation of thg.desered feihods.Aascrbad.in thisexample andsresults in the following
emergent dynamics 35,500 Eide2l difseaakgdamonstrates a dynamic subpopulation emergence
based on cluster analygis ol aMonio.aade.simmaien ol ahvassabarclinicakdesign At Time = 4 there
is significant evidence.fqs the emergansce-efine clustarsaii alynikimes Bdhe bifurcation is complete
and the sensitivity andsspesificityhthe-mmetodimt bothddgWnige22 eemonstrates plots of the
cluster calling statistiesu@ ks sntlae Hypothetisal numberieheitisters Tt rkimecw 4. Fig, 23 illustrates
markers of clinical effegt-g@witinit e segregation-ointhe taarker spadet ay sistenction of dose at the end
point of a clinical studysExékdvR(1E Gs(O82B43t et Featismmoftyipetvermirdken indicative of periodic
dosing regimes (00282yPetiditoniersi fiey, -adsendiverigye et segypcistamatiidtay for the treatment of
many chronic 35 diseti$esiEivchfditoRs: oremost among these are anti-cancer chemotherapy
regimens and treatmdWi&isSEAtoira e arsaasusyrathar tHErapEtEeafF or in the context of an
adaptive clinical trial “f¥&<®H Wﬁﬁ%ﬂﬁ%ﬁ%@ﬁf?@ﬁﬁ&%toxmty profiles for a
particular dosing reglﬁ’f?Pf"i‘?ffé Wféﬁ“ 'ﬁ‘é?\%%‘???%??ﬁ%“@ﬁ?%&ﬁ‘?&?saonal important information
regarding the ultlmateh ereaey” of mal §‘f|°r°% °ﬂ§Tra“?é ﬁ‘g b“er’\wﬁi of suc'ﬁ a feedback mechanism is
that the feedback 15 tlm lfznmh’ffc t{ﬂé rese foc,ﬂﬁge m gheraan ST Of Setion and

ould receive a
[00279] Based on the assemptions developed herein, i sifico populations of virtual patients are
created for each hypothetical patient subclass. A time dependent Morte Carlo sitnulation is mun to
identify the emergent clusiers. After the simulation is run, a new get of mean vectors and covariance
20 structures is established and the simuiation studies are repeated. The sensitivity and specificity of the
clustering assignment rule for cach dynamic is measured ané praphically plot as a receiver operator
curve, wherein the diagnostic variable will be the time at which the clusters were suggested,
[806280} Resulis of the emergent dynammics by Monte Cario simulation of the described methods
described in this example and results in the following emergent dynamics as shown in Fig. 21. Fig.
25 21 demonstrates a dynamic subpopulation emergence based on cluster analysis of a Monte Carlo
simnulation of a two-cohort clinical design. At Time = 4 there is significant evidence for the
emergence of two clusters while by Time = 8 the bifurcation is complete and the sensitivity and
spesificity of the method are both 100%. Fig. 22 demonstrates plots of the cluster calling statistics
versas the hypothetical number of clusters at Time =4, Fig. 23 illustrates markers of clinical effect
30 with the segregation of the marker space as a function of dose at the end point of a clinicai study.

EXAMPLE ¢
[60281] Edentification of type 1 blomarkery indicative of perfodic desing regimes
[08282] Perjodic dosing, as a therapeutic giraiegy, is a mainstay for the treatment of many chronic
35 disesses or conditions, Foremost among these are anti-cancer chemotherapy regimens and
treatments for autoimmune diseases. Whether therapeutically or in the context of an adaptive
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5clinical impact of the compound. For example, in cancer chemotherapy, the feedback is provided by
imaging technologies that help quantify tumor burden, which in many cases is not timely. (00283] This
example characterizes the periodicity of the molecular efficacy measures to identify trends and other
measures o iR ¥¥ance (for example, increasing refractory respon8EJ A APHEF 4 in clinical
decision making. As demonstrated herein a real-time feedback monitoring 10system can [exeunt for
the periodicity of the dosing regimen and characterizes any clinically trends in the data. [002841The
system can be a statistically valid and robust methodology which dynamically characterizes the
6m-dependent profiles of molecular markers of drug activity in periodically treated patient
subpopulations which then uses that information as a real-time feedback monitor for 150ptimizing the
therapeutic regimm. 1002851 The protein profiles of a treated population act in amender= with the
underlying hypothesis regarding a compound's mechanism of action, they should, as a conglomerate
pattern, reflect the periodicity of the treatmem regimen, and taken as a whole, act as a Type 1

biomarker for compoupd, Actylyat fae siteof Aclion, Addiionall, eke,is evidence that the periodic
expression of these 20profile proteins changes wilhdme.the.srand of.that change allows a clinician to
adjust the dosing regimen. for. example.n. keqvency. ard/er.dosagede.kadividualize the therapy. (00286]
Applying a time seriesshased:statistical methadalogy iathe dongitudinalauithin an individual patient)
protein profiles systematicaly aecomnisder iheperiadiciial-a,givea-dosiagasegimen within an
individual patient and 4giRgdeakiamation tomdentifymand-ehasacterizeithe 25emergence of any
clinically relevant trengeai i e:te5panse.s Hhisknowledge-oaettke R-be-useaito both monitor a
therapeutic regimen ir-a=ingivicuatspatentanddtdesigmanddanagertise dynamics of an adaptive
clinical trial. (002871 Byrel@diedoiigdovaits| dnditerchinrabFippetitidyibrratiomidde a compound's activity in
the context of a petiodit-eesingteghmreaidiai bl faj-veidente haandet pingiaypethesis regarding the
in the data.
002841 The system can be a statistically valid and robust methodology which dynamically
charactetizes the time-depandent profiltes of molecular markers of drug activity in periodically
treated patient subpopulations which then uses that information as a real-time feedback monitor for
15 optimizing the thermpeutic regimen.
{00285} The protein profiles of a treated population act in accordance with the underiying hypothesis
regarding a compound’s mechanism of action, they should, a5 a conglomerate pattern, reflect the
periodicity of the treatment regimen, and taken ss a whole, act as a Type 1 biomartker for compound
activity at the site of action. Additonally, if there is evidence that the pesiodic expression of these
20 profile proteins changes with time, the frend of that change allows a clinician to adjust the dosing
regimen for example in frequency and/or dosage to individualize the therapy.
[6B286] Applying a time series-based stetistical methodology to the longitudinal (within an
individual patient) protein profiles systematically accounts for the periodicity of a given dosing
regimen within an individaal patient and using that information to identify and characterize the
25  emerpence of any clinically relevant trends in the response. This knowledge can then be used to
both monitor & therapeutic regimen in an individuel patient and 1o desipgn and manage the dynarmics
of an adapiive clinical trial.
[60287] By developing a valid longitndinal Type 1 biomarker for a compound’s activity in the
context of a periodic dosing regimen will: (8) validate the underlying hypothesis regarding the
30 method of action for the test compound; (b) identify potentially relevant clinical conditions
comprising: growing refractoriness to the compound, farget response t0 the regimen, and then adjust,
as appropriate, the frequency or dosages of the treatment itself; and (¢) deveiop an adaptive dosing
protocol based on the individual PDs of the responder population.
{00288] Using real-time monitoring and feedback to identify the emergence of these chnraoteristic
35  dynamics aids the clinician to make more precise decisions regarding patient treatment and/or trial
management.



30method of action for the test compound; (b) identify potentially relevant clinical conditions
comprising: growing refractoriness to the compound, target response to the regimen, and that adjust,
as appropriate, the frequency or dosages of the treatment itself; and (c) develop an adaptive dosing
protocol basB® 3HIHE%Hividual PDs of the responder population. (OOZS%iT@éJﬁ’f&S’F@ﬁf’{%me monitoring
and feedback to identify the emergence of these characteristic 35dynamics aids the clinician to make
more precise decisions regarding patient treatment and/or trial management. 1002891A statistical
Time Series analysis is used to characterize the periodicity or seasonality of marker proteins in a
patient subjected to periodic treatments similar to those employed in cancer chemotherapy, weekly
methotrextate injections. The system adjusts for the seasonality of the data train as shown in Fig. 24
and de-trends the responses as necessary, a one or two lag differcncing 5 scheme as applied to
Autoregressive Integrated moving Average (ARIMA) Models, to characterize the actual response
profile of the patient to the therapy stream. Fig. 24 demonstrates patient data showing the seasonality

of two type 1 biomarkgrs over time. If.two or.more protelnsmarklih,ais.idgnsified as markers, any
temporal relationships, hetween, them (oL sxamelewithoutimiaton.he levels of drug in the blood
and/or clinical readougwgg@mmge&m%ggggmw se:Ristrhdied Lags analysis in the
same modeling context. Each ARalysisdenends.on.epRlicit charetarzationof the time-time
correlations observedydRthe:jimg. seres«ibabulocoralatiominincian, (Aaj-and its related Partial
Autoconelation Enactinr4R Atk ftach pidhesaupnctiansicanbeastepesented as a vector of
correlations which areifungticaatiyndepend entan-theriag etweerrmeasdteess The functions can be
used to identify linearisends iaihos atarperedisibrinthe: datemandubbimoni@ar curvature dynamics
in the data. The functiesis-tiemseives-tarilre visuahired-foidnspectiondusing histograms called
correlograms. Once tihesaslis déstrofdet ariddrepe Autieiy: deedantetifor, the individual spikes in
the marker profiles are=rigiRtred toigscmdfresphpoting irworkiigaseriected (00290) The first step
involved in developing & kiEtHEtetE gy TE thrrRfHTR IMERE YT EHS R BESE 20 represent both the
pathophysiology of th& drSBEEEH T e S UrPSHEEMEMTPST Rmsn b the t6Mpound. Once
established, these prdt8Iig AreEm s el Tty T Eﬁ‘&?ft‘bﬁﬂ"éﬁ‘f’m%f]’%ased upon the
expected seasondlit y%?ﬁ?é“‘f?’é?fﬁ’?@ﬂ‘fﬁ Pa Fﬁ%ﬁhéﬁ’ﬁf"ﬂ%”e‘h?”é “%‘flfﬁd °fh“é’ra££)eutlc dosages, an

edataxsd& eriodicity
appropriate samphngi%‘;gl c&;ss E;%’faq@?h q't mm ﬁﬁewy %é‘f’e periodic expression of the
marker proteins will be captured in the sam Jata se 1 The system automatically

generates and mspecﬁzgi;ﬁgr&gg &'W%é@ﬁ&%mthhmgmo%m riwg:lag differences comprising ARIMA
(0,0,0), ARIMA (0,},0),.and QmPi-madels and.comnakes.themde the best fit through Root
Mean Square Error, tQiis.apRrorbatel detending thedata.le makedhe series stationary. Once a
stationary series has hesiesighlight-iheda:irending.Laameterssempsising the slope of a linear
trend line is estimated:#Qmithe dala-an6-anAehaane Rk o tth8 e te suspected
periodic expression of the marker protsins will be captured in the sample data sets.
25 [06292) The system automatically generates and inspects difference time series with 0, 1, or two lag
differences comprising ARTMA. (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0} models and compares
them 10 the best fit through Root Mean Square Brror, thus appropriately de-trending the data to
malke the series stationary, Once a stationary series has been established, the de-frending parameters
comprising the slope of a tinear trend line is estimated from the data, and ap. ACF and PACF for the
30  stationary series is genereted.
[00293] Any periodic expression patterns are ientified and characterized as the period of the peaks
and their subsequent amplitudes. An example of this is shown in Fig. 25 demonstrating a time series

of a biomsarker value versus the time of chemofherapy delivery.

[80294] When multiple tizne series are involved comprising two o more protein markers and/or
35 levels of compounds in the blood, a distributed lags anatysis is performed to identify and

characterize the correfations between the series and their lags. The methodology identifies the
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30stationary series is generated. [002931 Any periodic expression patterns are identified and
characterized as-the period of the peaks and their subsequent amplitudes. An example of this is
shown in Fig. 25 demonstrating a time series of a biornarker value versus the time of chemotherapy
delivery. %ﬁ%i@ﬁ'\?\?ﬂ@n multiple time series are involved comprising t\ﬁ&g}’%gﬁ(ﬁﬁ%’féin markers
and/or 35levels of compounds in the blood, a distributed lags analysis is performed to identify and
characterize the correlations between the series and their lags. The methodology identifies the
dynamics of the emergence of protein marker wave trains and to relate these back to clinically relevant
events and/or the dosing schedule of the regimen. [00295]A Monte Carlo simulation of the methods
described above using four time series were generated using a stationary time series, a time series
with linearly increasing slope, a time series 5with exponentially decreasing affect to mimic patient-drug
attenuation, and a stationary time series with linearly decreasing peaks, to model patient-drug
adaptation or up-regulation of metabolic pathways. EXAMPLE? 10 [002961 Time to Fever Spike and

sepsis from time serigs, measkiEmants,aflavels.of. Girchlaing:Ryagans.and other biomarkers.
1002971A patient withAcute.Myslgid.kekkemiatAML) undergoing in-patient chemotherapy was
monitored using the metkadsaArdisysiams desaiibedhemginmith.sampiingof blood every four to eight
hours. The patient's tgpaperatuiesvas @iseroniened i eatenths-ld b elavation (> 1000-fold 15
between consecutive weasuiemneais)was saunc:ahtime-cesigastedido-Hnadable 2 and a significant
decline >30 % betweeth tengeoutive-neasements dbhaura-taidrrlavarwas first noted eight hours
later. The methods heseisvvould have anticipated the subsequent recognition of sepsis by 8 hours.

Table 2 Time, hoursEvent 0.0First elevation of IL-6 8.4First fever 14.3Significant decline in protein-C
EXAMPLE 7

10 [00296] Time to Fever Spike and sepsis from tisme series measurements of Levels of Circulating
Pyrogens snd other biomarkers.
082971 A patient with Acute Myeloid Leukemia (AML) undergoing in-patient chemotherapy was
monitored vsing the methods and systems deseribed herein with sampling of bicod every four to
eight hours. The patient’s temperature was also monitored frequently. IL-6 elevation > 1000-fold

I35  between comsecuiive measurements) was found at time designated zero in Teble 2 and a significant
dechine >30 % between consecitive measurements 14 hours later, Fever was first noted eight hours
lnter. The methods herein would have anticipated the subseguent recognition of sepsis by 8 howrs.

Table 2

Tince, hours Bwent
0.0 First elevation of IL-6
84 First fever

14.3 Significant decline in protein-C
223 Septic shock
272 Patient admitted to YCU

20 [05298] The system identifies the relationship between the time to a fever spike during aggressive
chemotherapy of lenkemis resulting in fever and dramatically changed levels of circulating pyrogens
{Protein-C, [L-6, H-1beta, TNF-aipha, IE.-10). This is performed by employing standard statistical
modeling methodologies. The system can be generalized to ather situations where sepsis ocowrs, U
can also be employed for other siteations where significant disease processes and outcome of

25 therapy can be benefcially projected.

[06299] Sctence and engineering often involve using easy-to-measure variabics, calied factors or
independent variable faciors to explain or predict the behavior of other variables, called responses.
When the factors are few in number, not significantly redundant {ron-collinear), and have a weil-
defined, functional relationship to the responses, otie can use multiple litear regression ta
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223Septic Mock 27.2Patient admitted to ICU 2010029131 The system identifies the relationship
between the time to a fever spike during aggressive chemotherapy of leukemia resulting in fever and
dramatically changed levels of circulating pyrogens (Protein-C, IL-6, lI-lbeta, NY-alpha IL-10). This is
performed by @MBIOVIE standard statistical modeling methodologies. Th‘é%'{fé%é?ﬂ%’éﬁ“ﬁe generalized
to other situations where sepsis occurs. It can also be employed for other situations where significant
disease processes and outcome of 25therapy can be beneficially projected. [00299) Science and
engineering often involve using easy-to-measure variables, called factors or independent variable
factors to explain or predict the behavior of other variables, called responses. When the factors are
few in number, not significantly redundant (non-collinear), ani have a well-defined, functional
relationship to the responses, one can use multiple linear regression to characterize that relationship.
However, if any of these three pre-conditions should fill, multiple linear regression may prove to be
inefficient or statistically inappropriate. In that case, one may employ an alternative model building

strategy termed Partig| L.east Sdiiares BRegressinuldis-methadolagy 4s pagicularly usef-ul when there
are many factors that;pight.he highlyoq:linsas «antawhspdhe. ielationship,between independad
variable factors and dgpgadentvasabledaspRasands tsdefinqe-khawainmaf this type of analysis is to
construct a good predialiugaoaal-1003004 Articipatingthe dim e tona FBverBpike based on statistical
models using levels oh:seweragiotad REHiEd Gens kg2 greemenstates-the relationship between
parameters computed-fsanTreinguiaking Pyrogen levels:maastreduaker time and/or and the time-to-spike
(also labeled Lead 10 ®mhvedicire rater of Givateren o stigpbrofthepararmeters over time is determined
by the incidence, timetofinfecton Fedidrrofirftctiommnunberseotorgeiis s, virulence of the
organisms, and the ceretienTaeric-gerrete makeafrortripratieit CrHigEdt¥ation threshold is the point
at which the body'bhy&i61StFBEgHE te Hererate s ragsriapieE=re MetEetth threshold is a parameter
level at which some tH SEtiteTHteRFETR TR RIEIEReY e s detérines the relationship
between 15the pyrog&Hfevafesfiatier s aride St AR B AS o de " "85d Time, enabling

prediction of fever spik& BEAVERBLGATE gﬁ/@’ﬁéﬁifﬁeﬁ?ﬁéﬁ@%’f aduufc5‘‘f'nl:e:tWe%lf‘b03011This method and

. which cutic ention is indicated.. em determine relgtionship een | .
data provides enableg anticipafion o e fime Hp'éj!heen%jare most LhnekIQ’WE? ,ex%gnence a fever spike. The

physician can then pr%fg'ﬁét gﬁﬁ?ﬁﬁg ‘Jigtl;"éi% iﬂ%&ﬁéé’% f)a? the Tever evgﬁnt? Vre'}rexample by providing
prophylactic anti biotiq%;ég%@a&gga%gg&Tm&;m% stekpatients with.Asyte Myelogenous
Leukemia (AML) is usgd:as ARExempla fastuHel-naticiisam.offen taated with a course of
induction chemotherapy; (iR:RAHANLSREIIAINEIRLIRICAl using more than one drug and intended to
eliminate all cancey celis)Radndesiiad: sidesefigatebihaindustion chemotherapy is usually febrile
neutropenia. This occHisheaauss rfactions rieraakganismaaanmhvaede thadpatient due to the
inactivation of active imﬂﬂw)yrypicaﬂy using more than one drug and intended to eliminate all cancer celis). An
undesired side-effect of the induction chemotherapy is vsuelly febrile nentropenia. This occurs
because infectious micro¢rganisns can invade the patient dae to the insctivation of active immunity
25 by the chemotherapy. The definition of febrile nextropenia is the fever spike, & clinician defined
state in which the patient's temperature measures greater than 39 degrees Celsius or in a six hour
period two consecutive patient temperatures measurexd greater then 38.5 degrees Ceisius.
[00303] Fever, as a defense mechanism, results frora the effects exerted on the hypothalamus by
circulating eytokines, called pyrogens. These cytokines emerge from the immune system during an
30  inflammatory response. ‘The best known of these are IL-6, IL-1 beta, and TNF-alpha. The purpose
of this example is 1o idensify a pattern of circulating pyrogens leading up to a fever spike, and, from
them, build a mode] that best anticipates the time-to-spike.
[20304] The methods developed in the studies may be generalized to generate a monitoring means in
other high-risk discase states and therapeutic procedures.
35  [00305] The systern builds a statistical model characterizing the relationship between the time-to-
spilce and ¢he circulating levets for two particular pyrogens, IL-6 and IL-1 beta. The system, while
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25 by the chemotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined
state in which the patient's temperature measures greater than 39 degrees Celsius or in a six hour -
period two consecutive patient temperatures measured greater than 383 degrees Celsius. 1003031
Fever, as a A& A&Ehanism, results from the effects exerted on the KPSHRATAHTEE*HY circulating
eytokines, called pyrogens. These cytokines emerge from the immune system during an 30
inflammatory response. The best known of these are IL-6. IL-1 beta, and TNF-alpha. The purpose of
this example is to identify a pattern of circulating pyrogens leading up to a fever sole, and, from them,
build a model that best anticipates the time-to-spike. t003041 The methods developed in the studies
may be generalized to generate a monitoring means in other high-risk disease states and therapeutic
procedures. 35f00305] The system builds a statistical model characterizing the relationship between
the time-to- spike and the circulating levels for two particular pyrogens, IL-6 and IL-I beta. The system,
while independent of measurement means, requires frequent sampling in the period prior to the fever
spike (anywhere from,3 10,6 measures.ner.daw): L0300} Jhe kst siep doyelygad in developing the
methodology requires,gog.charrcisdzation.gf fever in well defined categories and to identify, as
closely as possible, thasbire &f dhedicel favereyentandhedefiniion.chosanwas that either the
patient's temperature Ki@rskEas.graater thas, 3o eatiirisig RuRm@ainour period or two
consecutive temperattttesnaseseeored-gronteidhan28.5 tegreesLielstug-400307) Individual patient
data for the circulatinge@vyels:6k thuoyibh olvb @teepan duiiinralphacand-ether bioraarkers were recorded in
a database, based oni4e Sampling interval. The samples in the study (3 10 measures per day at
8-hour increments) wétdsubjéetetntcpbsichod-aakiysiSi-atid bsed! pbpualétéathe model. 100308)
These markers were getgetetrbaséditqssns nuhabtrofcenent Steids witi$how that patients with
Sepsis Syndrome'havreeferrated fevraksarentenabing Presbhatd L réda TRifialpha when compared
with critically ill patierf&*vithout sepsis and normal controls (Casey, L. Annals of 15Internal Medicine
(1993) 119;8:771- 77839386%9%%%ﬁﬁ‘ﬁ%§‘t‘€77‘?@ IS HES PR B4R BF &R P made by the
hepatocytes (liver) in tHe" f@ﬁf@’:ﬁ;ﬁﬁ% P 6"??’5%1“7‘?%’?8’??&% 6t ERPEHIEE regulated somewhat by
INF and IL-1. CRP,is mﬂggmfraxw(lggrc??eym Wﬁ"cﬁ“’hm&’s (8 phosphochiolne BH Bacterial cell walls,

q I 1593) 119;8:771-778).
endogenous ce [0630%] H.-6 predominately reguiates the synthesis of CRP made by the hepatocytes (liver) in the

acute phase response, Transcription of CRP is also regulated somewhat by TNF and IL-1. CRPizsa
pentraxin protein which binds to phosphocholine on bacteriaf cell walls, endogenous cell
mesmbranes, and apoptotic bodies, Inflansmation caused by mfection/ sepsis, inflammatory and
26 autoimmume disosders, fraumatic injury, and some malignancies, CRT is seen in increased amounts
making it a useful biomarker in monitoring sepsts and infection. CRP production is not affected by
neufropenia. There is an abundance of literature which focuses on CRP levels during neutropenic
fever and in diagnosing the severity of febrile incidences.
[0310] Protein C is anti-coagulant protein thet is synthesized in the liver. It plays an important role
25 inmaintaining coagnlation homeostasis. Protein C is activated by thrombin inte an active protein
which along with protein § and phospholipid as cofaciors, it ¢leaves coagnlation factors VIILand V
thus inhibiting coagulation. Recently, Protein C's anti-inflammatory responses have been
discovered.
{09351} Patients with sepsis and septic shock have Protein € depletion which may have a role in the
3¢ pathophysiology of sepsis. Improvement was seen in a specific subgroup of patients by
counferacting Protein C depletion by the addition of activated Protein C. Profein C can beusedas a
bicmarker in the diagnosis of sepsis in patients and as a therapeutic agent. One study found that
concentrations of Protein C are proportionate with severity of neutropenic sepsis at faver onset.
{04312 Ten adult leukernia patients receiving chemotherapy were enrolled. Biood samples were
35 taken every 8 hours prior to the onset of the faver spike and then every 6 hours untii the end of the
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membranes, and apoptotic bodies, Inflzanmation caused by infection/ sepsis, inflammatory and 20
autoimrmme disorders, traumatic injury, and some malignancies, CRP is seen in increased amounts
making it a useful biornarker in monitoring sepsis and infection. CRP productlon is not affected by
neutropenia: R abundance of literature which focuses on CRP [evel&3 é}ﬁ/rqés?]eutropenlc
fever and in diagnosing the severity of febrile incidences. (003101 Protein C is anti-coagulant protein
that is synthesized in the liver. It plays an important role 25 in maintaining coagulation homeostasis.
Protein C is activated by thrombin into an active protein which along with proteins and phospholipid as
cofactors, it cleaves coagulation factors VIIl and V thus inhabiting coagulation. Recently, Protein C's
anti-inflammatory responses have been discovered. 100311) Patients with sepsis and septic shock
have Protein C depletion which may have a role in the 30 pathophysiology of sepsis. Improvement
was seen in a specific subgroup of patients by counteracting Protein C depletion by the addition of
activated Protein C. Protein C can be used as a biomarker in the diagnosis of sepsis in patients and as
a therapeutic agent. Que.siudy feungd that.concentratinns QLRLIaR Cxagfyoportionate with severity
of neutropenic sepsis,ak [ayetonsel Q0 2 kaRaduklaukemia patients receiving chemotherapy
were enrolled. Blood gampies)yetaaadake R.oueind el kssprositashe.easel of the fever spike and
then every 6 hours uriisthac.ane ofdaenobsepationpanod Bie mankes aralysis was performed on
these samples. Patientsaumiphingnef 8«nours-prionia fever Spikenandithaursddier fever spike observed.
[003131A Partial LeasuSgusrasumads] dngsseonistiuotéthitagedeardhe pre-spike (36 hour window)
measures for EL-6, |Litsbhétamanic: Hdkatphanerid dhen Samdpiestol samplé4fold changes. Given the 5 data
set derived from this stoesyssa mrininrsainhlittsped&F-o8 froagrstamelerrriimimal window of 36 hours
pre-spike is sufficientrereefivarit-amichyative oderor et o ke *109314]Quantitative
Bicrmarker concelftraffSH st s envet SR hRmr VR ErErTSA ffffttifdassay known to
measure IL-6, 11.1-b&F aRE-FNrTaftiE e o earmstis A e e b gL, and sample-to-sample
fold changes in concéﬁ‘f?ﬁflBHW%?gwagdméﬁWéﬁ%ﬁﬁ?ﬁ%W%d‘Tf) 15] The concentration
data were first V|suall |ns‘%‘eﬁ‘ie8f’f5r G’éussmn n%rma j E?etr Use fﬁ“éd‘:iﬁg?tg‘fog normally distributed
the data was transforme

?“fm J’I”f;ng Or(%;jl (%1 q“b esda ata he asurgsuﬁ sed on these measures,
e

an initial Partial Leasttoépagyahag%ggr&alonjma%ﬁ wag u&n&i}amngﬁgsq gﬂg ee pyrogens and their
fold changes from sapple o sample..JRis.model ¢ c@&g%zed the amount of variation accounted for
in the covariance strugfikgs. of the: depeRdent Xectors Hmess 2. Q:spikg).and the independent vectors
(pyrogen levels). In thig,data.seldhere wers:-meranndensndant. vasiahles,than degrees of freedom. To
address the problem, standard. siatistiealmadekbuilding.-iaels:like.topsdawn elimination and bottom-up
addition were employg&esses comprising and not limited to bottom up modet building and top down mode] buitding, a
series of seven sub-models were developed.
[08317] The chosen mode] included log(FL-6), fog(IL-1 beta), log{sample-to-sample fold change T~
6), log(TNF-slpha), and accounted for 93% of the fotal model covariance and 27.5% of the variance
25  in the dependent variable (time-to-spike).
[6031R] The model is given by a standard multipte linear regression equation with the following
parameter set: intercept = 36.5; log(IL-6) = -8.0; iog(IL-6 fold change) = 2.4; log(If.-1 beta) = -0.3;
and log(TNF-aipha) = 4.4, Each measure is a point-in-tiree measure at the observed time-to-spike.
For example, 24 hoars prior to the fever spike, the log of the concentrations of IL-6, IL-1 bets, and
30 their sample-to-satmple fold changes from the 30 bowr time point are added to the mode] using fitied

parameters, meaning the coefficients of the linear model.
[08319] The final model was selected from the seven total sub-models becanse it aceounted for the
highest level of the percentage of variance in the dependent vector, The final model included fogfIL-
63, Jog(IL-1 beta), and the logs of their sampledo-sample fold changes as anticipators of time-to-

35  spike. The size of the anticipative window of 36 hours was selected by clinical relevance bat is not
fimited to that anticipative window. The selected model equation is as follows:



[00316]The full model (11-6, TNT-alpha, and IL-Ibeta., and their sample to sample changes) accounted
for the percentage of the variation in the whole model covariance structure and the 20 percentage of
the variance in the dependent variable (time-to-spike). Using feature selection processes comprising
and not Iimit‘é’&’ﬁ?(ﬁgﬁgﬁwup model building and top down model building?g%%#é}ggg}fms[leﬁ&en
sub-modeLs were developed. [00317]11m chosen model included log(IL-6), log(11.-1 beta),
log(sample-m-sample fold change IL-6), log(TNF-alpha), and accounted for 93% of the total model
covariance and 27.5% of the variance 25in the dependent variable (time-to-spike). 1003181 The
model is given by a standard multiple Linear regression equation with the following parameter set:
intercept = 36.5; log(1L-6) = -8.0; log(1L-6 fold change) = 2.4; log(11.4 beta) = -0.3; and
log(TNF-alpha) = 4.4. Each measure is a point-in-time measure at the observed time-to-spike. For
example, 24 hours prior to the fever spike, the log of the concentrations ofIL-I beta, and 30their
sample-to-sample fold changes from the 30 hour time point are added to the model using fitted
parameters, meaning the gpefficienis.eidhesinpalmedali0d3k8l.abe final model was selected from
the seven total sub-mpgalsibgeausg,it accounted for the highest level of the percentage of variance in
the dependent vectorpdhaifinalmade binchude dlagRlub ) dag(il nlipeta): aashthe logs of their
sample-to-sample fold-Gharges asaphe patess-oidime-te3bspikembhe-siae of the anticipative window
of 36 hours was selectegkbyolinicabkreievarniea butissrotdimieshie thatanrtivigrative window. The
selected model equationsisras-feitd\Ws sdinfrelttbapike286:6+ 8ifeg(i B)+24F 0ogal -6 fold
change)-0.3*Logal - 1 dyetostich At o T Exgip 00820 Frene Sipl 8 iobthert®-patients were evaluated
in this example for theirdsiaarkdr paternsircive36 thytrssidbrerfeviriepikes. The data for each of
the pyrogens and thefte3Xiapfectersarhsies o SEHATyEs ard I Iy =7 88 . 27 is the IL-1 beta
concentration WITSL S Bt REANDBF Eig. 28 is the sample-to-sample fold change for ILI-beta
versus time point nunfBH TR o e o6 et P RS R BBt humber, wherein patient
4 became septic. Fig. S0 TS E SR iTe- 8 < 18I L ERAR T I8Pt EVEPEHE Bine point number,
wherein patient 4 be@f?‘?éﬁﬁ?@%%&tﬁ?ékmﬁg pha concentration versus time point number. Fig.
001322 Thzrr% lot for aucn& givi NE% % fias BVFII% eandnct ber. [003211 Th
al le Told chande 10, 1o TRECalpha versus Tifie point number. [00321] The
model anticipated thepymgv-hté)&n%sea 59_&!{&5%?@5 and %F%l%!gnsegm.tﬁ‘ne . BEIGentage of the variance |

CREE, NOL hegessarl

observed in the depepgdent.variap L%.ug@igg&a@omghm@%p&mgomqom% is outside the patient
population used to copstyct.the gaodel 1003221 Ihe residialplol far.patigntds given in Fig. 33.
Patient 5 has a fever m mm“ the percentage of the anticipated time-to-spike, which is anticipated by the
20 model using {he squation 1.
{09323} For patient 4, the model anticipates a time-to-spike of 3.3 hours when ¢he actual time-to-
spike was 7 hours, and, at the other extreme, anticipates a time-to-spike of 31.9 hours when the
actual time-fo-spike was actually 34 hours as demonstrated in Fig, 34. Patient 4 data points showing

. atieni a
32 is the sample-tQ-s mple

decreasing Protein-C with increasing [L-6 just prior to fever spike. Normalized parameter is the

25  ratio of the (parameter value at fime t ruinygs the jowest value in the range) o the difference between
the magimum and minimum vaiue of the parameter. A residual analysis for Paiient 4 yields an
excellent fit to the data measured In patient 4, mesning the residuals are randomly distsibuted about
the zero axis, and no residual is preater than 209% of the anticipated time-to-spike, as derived from
equation 1.

30 [00324]In conclusion of this exarople, induction cancer chemotherapy is only one of the underlying
etiologies of sepsis. Others include, but are not limited to, severs bizrn and therrmal injury or
tragmetic infory. In burn and trammatic injury, the patient expresses an alteration in the immune
system resuiting in a predeminance of the T Helper-2 Lymphocyte phenctype, where the phenotype
of the helper cell population switches from Thi to Th2. This is tenmed the Thl-to-ThH2 switch and

35 mekes {he patient more suseeptible to the onset of infection. Fig. 35 is a schematic of the Thi to-
Th2 switch and the cytokines representing each phenotype. Once the patient becomes infected, if

-50-



15decreasing markers. Temperature in degrees C (right scale) biomarker concentrations given in
pg/mL, wherein I1.-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 % ﬁ%%fwgf)é’matic, meaning randomly distributed about the f&y%%ﬂ%{ﬁﬁ%’]e size of the
residual is no mon, than the percentage of the anticipated time-to-spike, which is anticipated by the 20
model 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 hours, and, at the other extreme, anticipates a time-to-spike of
31,9 hours when the actual time-to-spike was actually 34 hours as demonstrated in Fig. 34, Patient 4
data points showing decreasing Protein-C with increasing IL-6 just prior to fever spike. Normalized
parameter is the 25 ratio of the (parameter value at time t minus the lowest value in the range) to the
difference between the maximum and minimum value of the parameter. A residual analysis for Patient
4 yields an excellent fit to the data measured in patient 4, meaning the residuals are randomly
distributed about the zea.axis.apd:Nefesidval s genterihan.0%:nffha:anticipated time-to-spike, as
derived from equation =2 i00324 418 canelsionQiihis.example, insction cancer chemotherapy is
only one of the underlying- stinlagies.of.Gepsis rRGthessinaluds;. but aredaokiimited to, severe burn and
thermal injury or trauraabie dipfbhrysici o Rikin.a fidsftizdd Matic-H iy idhe-patientexnpresses an alteration in
the immune system resuiting-in Sspreco MitaRceef the<ndelpem2-hywiphocyte phenotype, where the
phenotype of the helpeeeat poguliation:swiclesdporrsibiv tosTHES. Thhistisstérrad the ml -to-Th2 switch
and 35makes the patientsroreisyseeptisientd e bnset of infection. Fig. 35 is a schematic of the Thl
-to- Th2 switch and the cytokines representing eB3phenotype. Once the patient becomes infected, if
the underlying patho stni Ldggntgb d, th%&%ﬁ?a?@? spread of infection can resuylt in a systemic
inflammatory respon S IE Is called sepsis. If the pathogen is unidentified, the inflammatory
response is termed S$ystemic InflammatoryaRE%iBﬁse Syndrome (SIRS). Thus the underlying etiology
of progression to sepsis can be captured a8 d-gbeeess divided into three physiplogically 5distinct
intervals: Susceptibility to Infection} which is rejresented by the Thl-Th2 switch, progression through
infection, and the onset and progression of sepsis/SIRS. The markers relevant to the monitoring of
eachbstage are shown in Table 3. Tiable 3 Seer,i(? Onset andl. Sepsis Onset Sequellaea. Protein C b.
IL-1 beta- c. '

. BIC
a. Von Willebrand Factor
b, Procalcitonin
¢. Neoplerin
d. ThFa
e, ProieinC
§. PAF1
g. (ProjThrombin
1. ARF {Acute Renal Failura)
& Creatinine
b. CystinC
V. ARDS
a. Von Willebrand Factor
b L8

c. I8
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d. Procalcitonin e. 1L-10 II. DIC a. Von Willebrand Factor b. Procalcitonin G. Neopterin d. TNF-G e.
Protein C t PAR g. (Pro)Thrombin Ill. ARF (Acute Renal Failure) a. Creatinine b. Cystin C IV. ARDS a.

Von Willebrand Factor b. IL-6 C. 11-8 d.IL-1
WO 2009/126909 PCT/US2009/038467

d. -t
e, lk1ra {IL-1 racepior agonist)
f. TNF
V. ALF {Acule Liver Failure}
a ALT
b. AST
¢ GaT
d. LDH
e, Alkaiine phosphatase
f. ProteinC

g. Cytokeratin-18 fragments

#0325} Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
sepsis using the Sguared Meholanobis distance equation and Bayesian Probability. The Squared
Mahalanobis Distance is:

5 D) = (4 —%)"E-1(s) where 7=1,2, 3
and the Bavesian probability is:

Pr(jix) = exp(-0.5D)" {x)}Eexp(0.5D(x))

wherein p is the mean vector representing the centroid of the patient population and j is the three
different outcomes (sepsis, fever, infection).

10 {D0326]Fig. 38 illustrates a graph in time of a pluzalify of marker proteins for a patient in a sepsis
trial. The time of the onset to sepsis for this patient is marked and all patterns leading up to that
point are reievant to the defermination that this patient became septic.

[68327] Fig. 39 illustrates a bivariate time course of two particular markers (protein C and C-
reactive protein) in the game patient, The change in direction in the center of the praph represents a

15 rapid onset of diseasze. In this example, & patient rapidly deteriorated and was iustrated as septic in
a very particular regon of the bivariate space. In this example, the sampling intervals are fairly
regular; therefore the length of each line segment represents the rate of change of the biomarkers in
this particular space,

20
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e. ll-lra (11.-1 receptor agonist) f. TNF V. ALF (Acute Liver Failure) a. ALT b. AST C. GGT d. LDH
e. Alkaline phosphatase f. Protein C okeradn-18 fra me 100325l Fig. 36 and Fig. 37 detnonstrate that
the system uses an equation that is anticipative of sepsis using the Squared Maholanobis distance
equation and Bayesian Probability. The Squared Mahalanobis Distance is: 5D2(x) = (us - x)7S-1(a.j)
where =1,2, 3 and the Bayesian probability is: Pr(jk) = exp(-0.5Th2 (x))/texp(0.5D52(x)) wherein a is
the mean vector representing the centoid of the patleatdépulation and j is the three different outcomes
(sepsis, feverwfg@@&@@@ﬁ%@] Fig. 38 illustrates a graph in time of a plurality of marker proteins
fora patient in a sepsis trial. The time of the onset to sepsis for this patient is marked and all patterns
leading up to that point are relevant to the determination that this patient became septic. [003271Fig.
39 illustrates a bivasiateotime c&tawcseri@fn@ubepaoﬂiammymfaalcéréc@mtedxm&ﬁad@}a@amtm'phmein) in the

same patient. The changg o, dif %aomnaghﬁtf@&k%r&frm ﬁ%{@ﬂr@a%&taau%éram,g&s%mf disease.
In this example, a patient rapl eteriorated and was illustrated as septic in
of whlch is characterized by a statistical distribution of at least one biofogical

marker;

b. obtaining subject data corresponding to the at least one biclogical marker;

c. calcuiating the position of said subject data in said probability space, thereby
characterizing the probability of the clinical outcome of said subject; and

d. repeating steps b and ¢ at various time poinds to vield a trajectory within a
probability space, wherein said trajectory is indicative of the likelihood of
progression to the clinical outcome.

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 fof: (i) storing
data corresponding to a probability space defined by a set of discrete clinical
outcomes, each of which is characterized by statistical distribution of at least one
biological marker; and (ii) storing subject data corresponding to the at least one
bioiogical marker;

¢. a processor that calculates the position of said subject data in said probability spaée
as a way of assessing the probability of a discrete clinical ouicome of said subject;
and

d. an output device that transmits information relating to the discrete clinical outcome
of ¢) to an end user,
wherein the subject data represent measurements obtained by a point-of-care device
of the at least one biological marker present in blood, wherein the measurements are
taken at various time points to yield a trajectory within the probability space,
wherein said trajectory represents a time series of the assessed clinical outcome.

3. A method of characterizing a clinical outcome of a subject comprising:

a. constructing a probability space within a server, wherein the probability spaceis
defined by a set of discrete clinical outcomes, each of which ts characterized by the
statistical distribution of at the least one biological marker;

b. entering data of a subject into the server, said data corresponding to the at least one

biological marker;

53



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 the biomarkers in this
particular space. 20 CLAIMS WHAT IS CLAIMED IS: I. 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. distribugi at least one
biological marker; b".'ot?fﬁ?ﬁ‘]ﬁ'@”%ﬁ%ﬁé)@tg e 1a003ar?(5e%‘ﬁgd?lc§%aéat§}taéégt“feaécfjs’tllgn%atg%%%g%g marker; c.
calculating the positioncbirsatictisulpjectadiaten|meaithprobzbiliBicspaee, thereby characterizing the
probability of the cligical outcome Rf,sald sukigckandddepastingsiepsbrand tiat various time points
to yield a trajectory within a probability space, w ereint said tr%jlecttogy ;lstﬂg?ﬁ?ﬁ%e do&Ihe likelihood of
progression to the clinie&WhEEHRECS. WIFFRYREL IHSHRAHEA"SYEEm Tor Subject data analysis
comprising: a. an inputdesiesifarseceiingaubjeeteata and in communication with a processor; b. a
storage unit in communication with the processor having a database for: (i) storing data corresponding
to a probability space defined by a set of discrete clinical outcomes, each of which is characterized by
statistical distribution of at least one biological marker; and (ii) storing subject data corresponding to
the at least one biological marker; ¢ a processor that calculates the position of said subject data in said
probability space as a way of assessing the probability of a discrete clinical outcome of said subject;
and d. an output device that transmits information relating to the d.iscrete clinical outcome of c) to an
end user, wherein the subject data represent measurements obtained by a point-of-care device of the
at least one biological marker present in blood, wherein the measurements are taken at various time
points to yield a trajectory within the probability space, wherein said trajectory represents a time series
of the assessed clinical outcome. 3. A method of characterizing a clinical outcome of a subject
comprising: a. constructing a probability space within a server, wherein the probability space is defined
by a set of discrete clinical outcomes, each of which is characterized by the statistical distribution of at
the least one biological marker;
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b. entering data of a subject into the server, said data corresponding to the at least one biological
marker; c. calculating the position of said subject data in said probability space thereby characterizing
the clinical outcome of the subject; and d. repeating steps b and c 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 optc & The method of.claim | or 3 further. orgprisi otifying a medical personnel
or the subject cﬁ a?r%%%f té)ora-gﬁfr!iaughlmoé iégaaﬁ%fét?gﬁ oIt ggéécgg %‘S?Q&%Paeé %??fiﬁogr} e’ %%‘ffion of
said subject datatiiEhid prEBEGIT LpHAET o8 UPHbAIEtHEY Brimitler deisAIHE medEl action
involves at leastiffé détiBhngdIaiby Hibningsé- group consisting of altering a dosage of an existing
therapeutic agént Hamietisteérdd korsdidsubietts addiinisteringradiffe e itar the rapentic @gamtoand
administering ahdiffesprbeombination-oftheaspeutic.aganiss theFeumethost af.6laimdd wherein the

notification is elegtrenicallydeansmisiedreh: 1 hemethod.ehclaimdmmharein thedqotificationisyirelessly
transmitted. SOEQQ%QQO%QI@aim 4 further comprising, upon selection of the at least one action,

performing an (gutﬁ;ﬁél?% %ng 3(/55 for ssessing a re It of sai selecteﬁl action, and automatically

updating the proba iSérete dlinical OUtCBME P Laid Stbfas s Frpaigthod of claim 1 or 3,

wherein the vafiodS3 R A0 NS RS ar KsBibUotBES L aBisIES 8058180, The method of claim 1
or the medicalSinfdfinagdidysesnot Bigier 2avhessia therchitlistboulobamr isselectedofrom the group
consisting of conipietegresponsed@R)ypaftialsesponse{HR) siable-distase{SR), nemigsponse(NR),
adverse drug effeshpARR}oaad Byug daxieity. cLlicdhemedicakinieumation system of claim 2, wherein
the end user is a medicalRersannek o he subjegt. Ja%nlfmr{@?giﬁé'émé’i mation sygiem.of claim 2,

wherein the engd User s from a pharmaceutical company. 13. The medical information system of claim
2, wherein saitfi olﬁ%ut ev(i,ce transrlnits jselec&ed portions of the subject data and the probability space
in response to strichBA S mte 'efd \GdRe A ML tHanraiamohiaton Sherinilsrdiaiy 2, wherein
the storage urfit'éfHies FgeiRe ATTErICHCETANS 6 pILamBlesT subjestsGR ralatishshiptes (h&at least
one biologicalstablekéscass SRhemedicabinfdfnation systemithclaiig, whereindhieidata stored in the
storage unit are sEleetedidsoimithaCategeriasconsistingtefpathologysanatomidieptmant aption,
“treatment outgpmgsjharmacological parameter, pharmacokinetics parameter, psychological

parameter, ang genamigdnfarmatian. 16: e Fogdicalinfermation.axRiem pf S2im. 2. wherein the
database is a (%L[Jnt?jl‘,ll%y(jatabase.
13. The medical information system of claim 2, wherein said output device transmits selected
portions of the subject data and the probability space in response to instructions from the end
user.
14. The medical information system of claim 2, wherein the storage unit stores historical
reference data of a plurality of subjects in rélationship to the at least one biological marker.
15. 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, treatment
outcome, pharmacological parameter, pharmacokinetics parameter, psychological parameter,
and genomic information.
16. The medical information system of claim 2, wherein the database is a public database.
17. The medical information system of claim 2, wherein the database is an internal database.
8. The medical information system of claim 2 wherein the information transmitted by the
oufput device is encrypted.
19. The medical information system of claim 2 comprises a network.
20. 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.
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17. The medical information system of claim 2, wherein the database is an internal database. 18. The
medical information system of claim 2 wherein the information transmitted by the output device is
encrypted. 19. The medical information system of claim 2 comprises a network. 20. The medical
information system of claim 2, wherein the input device and/or the output device comprises a user
interface that can C he network.. 21. The medical information system of claim 2
wherein the prcg}é ?ﬁ%%yclgéﬁ(ﬁ gé{gnosfisﬁ%ﬁ] of Said subjed 1861115_%%87&0 proisY Fﬁf&@p}%é‘%@ way of
assessing the probability of a'Gigerdte Wit Fotitctine 8Y Shigsstinedtezrotrhiimetactisirsormation
system of clainf? GtheimpeliFi s disite comprises a touch screen. 23. The medical information
system of clain¥2, Wharedittheleputidevicewormnprises, avtiatarehtrnpartal ot ackgyheasds24. The
medical informatiesnsystem of claim 2, wherein the subject data are textual or numeric. 25. The
medical informationhsyséer ob (Al A swharein e textual ar ﬁ%QEﬂSﬁFdM‘BE’P@H%@%% SQugited,from the
end user. 26. T&ggp&rg%wgg%mation system of claim 2, wherein the subject data represent
measurements,of the at é?%?tzﬂg?ngi%?%i{c?l m?rbfer present in a bodily fluid. 27. The medical
information system_ of claim 2. Wherein the information FaRsmithsd Hyeah 4 Guiplictiual & Hepresents an
assessment of the' CrTEAIBLISMB B st Bieétan 4 it tithe o opsuTtis infdieatiiniormation
system of claifPdcifHdrethtisenAfanation transmitted by the output device represents a time series of
the assessed élnitht outborhefoR8atiTheymedicallimformeltionsystern;ef alainegewherein the output
device comprisesanmatomatic algekaysiepnlo3al he-reegicahinfoymatigngystem of claim 29, wherein
the automatic atertsysiemasiRRErRMMNARIR by heeadmsen, A1 The medical informatign system of

11
claim 29, whergin the ailtomatic alert system i rammable based on a recigﬁned_ﬁrq?ocol for a
clinical trial. 32, The Gl irifér%aétidﬁggssﬁ%g?n&g i ?‘%}6 SRS HSEEH e T HBLIK care

provider. 33. The medical information system of claim 32, wherein the health care provider is a Health

Maintenance é§g gﬁlegﬁ@ﬁaémm)}?tion system of claim 2, wherein the information transmitted by the
output device represents a time series of the assessed clinical outcome.

29. The medical information system of claim 2, wherein the output device comprises an
automatic alert system,

30. The medical information system of claim 29, wherein the automatic alert system is
programinable by the end user.

31. The medical information system of claim 29, wherein the automatic alert system is
programmable based on a predefined protacol for a clinical trial.

32. The medical information system of claim 2, wherein the end user is a health care provider.
33. The medical information system of claim 32, wherein the health care provider is a Health
Maintepance Organization (HMO).
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34. A computer readable medium comprising computer readable instructions, which when executed
cause a processor to: a. provide a probability space defined by a set of discrete clinical outcomes,
each of which is characterized by a statistical distribution of at least one biological marker; b obtain
subject data corresponding to the at least one biological marker; and c calculate the position of said
subject data in said probability space to assess the probability of a clinical outcome of said subject,
wherein the ingtructionsiwhendehiecutédfurthen caigsearprecesddri¢onprovide s wiseh défimed alert
condition basggd.gn.an.Ass§$HRaRtqhtrajectory parameters of the subject data in the probability

space, wherein said rajeclony paranieters ae alasartone sl spesdasrelerafion. diregtior and
position. 35. The corfipdter feadable meditim o cl_alm 3 L, wherein the instructions operate in a
software runtime enviroiitights characterized by a statistical distribution of at least one biological marker;
b. obtain subject data corresponding to the at least one biological marker; and
c¢. calculate the position of said subject data in said probability space to assess the
probability of a clinical outcome of said subject,
wherein the instructions when executed further cause a processor to provide a user
defined alert condition based on an assessment of trajectory parameters of the
subject data in the probability space, wherein said trajectory parameters are at least
one of speed, acceleration, direction, and position.

35. The computer readable medium of claim 34, wherein the instructions operate in a software

runtime environment,
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