METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 61/039,721, filed 5 March
26, 2008, which application is incorporated herein by reference. BACKGROUND OF THE INVENTION
[0002] Conventional methods for assessing a patient's clinical outcome are primarily based on
clinicians' judgment and past experience. The conventional methods generally involve laboratory 10
tests, patient surveys and office visits at isolated time points, all of which are not scalable for a time
series analysis, especially for one that tracks or predicts the trend of a patient's clinical outcome in real
time. Intrinsic to the conventional methodologies is the profound drawback that a relatively small set of
information such as a single clinician's personal preference is taken into consideration in reaching a
clinical decision. As such, under the existing medical system, patient care becomes 15increasingly
difficult when multiple variables are involved. In particular, there lacks a system and method to effect a
multi-dimensional analysis in which a large set of biomarkers are used to aid in the diagnosis,
prognosis, and treatment of AEREAMRATRE SPRASHELIG T ATGSEEEHY of a clinical trial. [0003]
Multivariate statistics are generally concerned with determlnlng a statistical distribution of 20 an
outcome or a series of outcomes based on nitit [fA6les. Inherent mogltdmedlcal conditions and
treatments are multlval“f&"t‘é H“ué"‘l&”‘[ﬁ“d%‘ﬁfp 8% ?e%so]?%% P li°3 GeYA %e ‘discoveries of a vast number
of disease biomarkérs ARathe & Stsb R ent OFminiaturize analyt|c systems have made a new
paradigm of patient care that makes m%ﬂ&g&’ %mg '&t%ﬂm? A desirable new paradigm would

provide rapid access t &%o mvglntlg cgja([qcterlzmg LG inical. Qa}&goxgggegfggnm%dgrptomatmally 25 linking
that information through customiz cgd" mmeyeggg@hégbqvmgggg@&nm@gmgeg%g@d medical actions
(adaptive dose rangjng, gl fhen@s'mg?s ISIon. MAKINg.ARE.SR.foth): AR he.nerarmedh-Also desirable is the
ability to integrate inforgatan.drom.apsndividuals hlaad iesiswishatherabysialagically relevant
factors, and present thalinformatioRJR.anastivaahipdunatEhesdechnolagyaescribed herein satisfies
these needs and providas «elaied-advaniagas asiuele3aBMMARN: QF hidkE:dNVENTION 10004]
The present invention pravidessadnedicakinfaraatio nisysiensfonsubject.daiaanalysis. In one aspect,
a system of the presenideaentionds-particplamybuseivlter. rguans] ng-the futureof blood testing and
data analysis. For example hecystem-aanbapai-obaniptegraiecke fragitvettite built around
real-time, point-of-cares.eaasumnenidised moaitorngdeviceswhischnanalyzeaismall blood 35sample
(e.g., 500 ul, 50 ul, 25 dlsid@kel or even less) and wirelessly transmit that information to a database
which integrates real-tiifhesidEtiwitirsiored iy frommd ighdrate-den sl tistist(iptitient record, genetic/
genomic informatio®, detatfrentt pivorattrintsiinte siigcahtialFemsrony-THegistem then allows for
the automatic applicatiet Tfpetivaizre' AUttiTeRS B Attt ES T 1 #dta repository to
perform specific commaersbistaghenger dheEpiifprea rhiteP R WHERTEEIN in the context of the
pathophysiology of a gR%Pi"i’f‘t@’b‘iffﬁfeﬁf&’fd‘itiﬁ'ﬂe?[ﬂ‘dﬁgf‘I‘ﬁi’ﬁﬁfﬂh‘é‘?"a‘%‘@’&“"’&%@%m of the present
invention can be used &% Ft’iﬁfé"‘ﬁ?‘@“f&‘b@ﬁ“’ﬁfﬁyﬁfﬁ‘ﬁw HPEEIIES studies which
generate publicatiofis fEFTEB8 M SBER LI TS HEW m‘éf“f:a‘flons atler'ﬁ su’B’do {fations, and for
ameliorating safety concern% Ahe fféaf}%%“?n’céiﬁ?mé‘ “suc’ﬁ‘ a sfos?e w’forp'bome real-time blood monitoring

has significant |mpI|cat|qlns l\?\?ﬁ“’eﬁbﬂ“ﬂm W one o co'TLe’chl FOrmation. F‘fg‘ﬁ |sTgtherW|se not available
through the use of the goyﬁo (égln 10 j"i'a Etcg?i':fm(‘)irl'mtcétst n ‘[ﬁdb:éi e medical information system
9 5 h sahs% xesc neeé gdpm es d advantages as w ?I y
typically comprises (a) an mput evice Tor receiving
30 SUMMARY OF THE INVENTION

[0004] ‘The present invention provides a medical information system for subject data analysis. I
one aspect, a system of the present invention is particularly useful for advancing the fiture of blood
testing and data analysis. For example, the system can be part of an integrated fnfrastructure built
around real-time, point-of-care consumer blood monitoring devices which analvze a small blood
35  sample (e.g., 500 ul, 50 ul, 25 ul, 10 ul or even less) and wirelessly transmit that information to a
database which integrates real-time data with stored data from disparate databases (patient record,



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; 15
(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. 10007] 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 20(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. [00081 In one aspect, the processor of the system
calculates the position s St Bt thatss fruart SPEb ATy Sp SR8 9% T&”\f\?’épmbhf" assessing the
probability of a discret& &liTca BUtEEMRE B SHI téiﬁ”ﬁfe”é"f??%ﬁﬂg Tﬁg‘ﬁﬁﬁ'ér aspect, the input device
of the system comprisE& S BUEA Seraan. Where 'a’m%?féa“", TApUL System can comprise a data entry
tal or a keyboard. THe aibjectHatx to Be bt into, processed by. or ¢ itted tput b
portal or a keyboard. TRES{blectaatAto be Jplit o, processed by, or,ransmitted as an output by

the system can be textlial, nimere o & caieqofy Whers deslied i fexitialar numeric information is

solicited from the end Cﬁ%ﬂ% 0L I some Instanees. NeSuRiec! dalaeniessnt measurements of the
at least one biological 30 matke! PESSERLINAOAAIY. G 0A0ME IS BRCES, themeasurements are
obtained by a point-ofcaig davies thalis.onsiaiad. Dikiha suhiach Jbe measuiaments can be taken at
various time points{o yigld a.JdiRiestonmaitbinthe-piebakiity, snaca-adierginsaid trajectory represents
a time series of the assgased GliRicALAKIEAME . IbavaEiRUs Hmapainisaaaamer a period of less than
or about 24 hours [001}iR.anathel:asRech the medicakiipsapation.systemLararises an output
device having an 35 automaditnaiakisys em Jiteiactamat 6yaler-systemcandeprogrammable by the
end user. Where desiredpdherattpraiic-alersysiem:-ispre greanmabloibased:on: a predefined protocol
for a clinical trial. Ims anotet-aspecinihe Buiput devies-ofithe systentitransmiteyselected portions of the
subject data and the prebahiity-spacerinirespbngetonnstridctonsfridm dwet émd ser. In yet another
aspect, the information:travisinfitteid pith e Erdtput deviceiseme ypretsen still another aspect, the
information transmittediq8d71the-treiipsiinte vicar bp fesaird depiskisesistro rstftheeeinical outcome of said
subject at a 5single timerpoirisiEkginfdmiratiorparseitedoy it e devidetan represent a time
series of the asses&ed EniedteeteSimer=100e I Erafist e a gttt tiput device and/or the
output device of the sySfETHIEGHIf&ES! 48R S TARE AT CarHEHBTER Seldss the network. [00131
In yet another aspect, tHE® RTEUTEAS THfBRAH SRSt E8RiPrises a network. 10014j In yet another
aspect, the storage unit*8Ptfesyata i BIEFRT TSI SIVEr TEAEL tA 8P's SiaiHty of subjects in
relationship to the at le 38t B BrSISgTEArRapkErWHEre ¢ &ﬁ?&%’f”‘iﬁ%"‘ﬁﬁé@"i‘ﬁ?ﬁ in the storage unit are

25 4009] In thy sot, the nput devi f th | ton . Where d N
selected from the cateionés ConsiEt ngi"o“fpu athofogy sf’s'éﬁéot“é”rrﬁz“ vch sereen. Thern des
€ input systerm can comprise a entry portal or a keyboard. The subject data to be input into,

processed by, or transmitted as an output by the system can be textual, numeric or a category. Where
desired, the textual or numeric information is solicited frem the end user.
[0010} In some instances, the subject datn represent measurements of the at least one biological

30  marker present in a bodily fluid. In some instances, the measurements are oitained by a point-of-
care davice that is operated by the subject. The measurements can be taken at various time points to
yield & trajectory within the probability space, wherein said trajectory represents a time series of the
assessed clinieal outcome. The various time points can cover a period of less than or about 24 hours
[0011] In another aspect, the medical information system comprises an output device having an

35  automatic alert system. The automatic alert system can be programuoable by the end user. Where

desired, the automatic alert system is prograrmmable based on a predefined protocol for a clinical



treatment option, treatment outcome, pharmacological parameter, pharmacokinetics parameter,
psychological parameter, and genornic information. The database can be public, internal. 15[0015]
The and user of the medical information system can be a health care provider, including without
limitation a Health Maintenance Organization (HMO). [00161 The present invention further provides a
method for characterizing the probability of a clinical outcome of a subject. The method comprises the
steps of (a) constructing a probability space defined by a set of discrete clinical outcomes, each of
which is characterized by a statistical 20 distribution of at least one biological marker; (b) obtaining
subject data corresponding to the at least one biological marker; and (c) calculating the position of said
subject data in said probability space, thereby characterizing the probability of the clinical outcome of
said subject. 100171 Also provided is a method of characterizing a clinical outcome of a subject
comprising: (&) constructing a probability space within a server, wherein the probability space is
defmed by a set of 25 discrete clinical outcomes, each of which is characterized by the statistical
distribution of at the le&it %ﬁ@hﬁ%@%ﬁ%%@ﬁt&mm@mﬁ et TSt Rbetitd the server, said data
corresponding to the atf&4rHiE Bisié apreiesig &T%Wmﬁl?’l‘ﬂhﬂfé?ﬁd’éﬁtlon of said subject data
in said probability space tHErEETEfArR ‘t%‘ﬁ?li‘fﬁ“f?fé’ﬂﬁ%’dcé‘ll URERIB B tHE @iiSlect. In some
embodiments, in practf R e e AP TRRL IS LD ahd e hre Tepetted at various time
points to yield a trajector%/ \Kn‘f‘nln"a"’f p"'r“(sit SABITE Sphae °“?vhde°re|n SRt ajactony Is indicative of the
likelihood of progressmgﬁo t‘he chnical o%tcom *“Sé’féﬂ ect m(l)}qlgss cagﬂcomgrlse the step of

i ce term
notifying a medical per%onrl%l" ft[ﬁlgassme%?pgﬁw |ng a medical action upon assessing or

characterizing the posifign of SalthlalZ‘;fg%Ed% a, H@ﬁg@&g&g@g@@ggg@g@ In some instances, the
medical action mvo,lye%gtﬂl%%tmg,mg Mlgﬂ@g&ggﬁgﬂ,ﬁg&gnm‘gmg& cRRSISting.of altering a dosage of
an existing therapeutic agen InadminisierediQ fald.suRigstnadminisieriag.agifferent a therapeutic
agent, and administerig.adiffgrent.conbinationabthampsutic.agents. Matification of a medical action
can be electronically trapsmitied-@.gx Wiselgsshkiransmilied Ehasuhiectnethods can further
comprise step of, upon.seleciiopekth eqtleastoneacianspesormbg@aoutcome analysis for
assessing a result of saidsselestad:attion;.anrd-auteomat cally:updating-the prebability of a discrete
clinical outcome of saidvisuibieetiob] BaL3}fettharpravidesion the present invention is a computer
readable medium compmigirng-eempittardgeabla-nstckonsxwhiekhanbetiiexacuted cause a processor
to: a) provide a probab#iti=spece ofrethire (Hy-ted etmpidiscret el ¢l ieateutedrmiissreach of which is
characterized by a statisfieti distriiutoriah atdesstdneifolotiettmiarkersi! obtain subject data
corresponding to thé atitshirofmbleiotobriicattmarkd? dirtroydal dilerstrdmpoditibrrdf said subject data in
said probability space toct0essgasdetie Propibiity el absiftde haliisttbject. In general, the
instructions operate in &SuftirteiyAameERviimiirehtemecheddssict, the instructions when executed
further causes a proced8bt (G PFRFAE FUSE demiatradrttsranich sasEersiiE®assessment of
trajectory parameters ofHE" "é‘f“&’ﬁf&f‘iﬁ“?ﬁé ﬁfﬁﬁ’é\ﬁﬁf? TRl Wﬁé“ré"ﬁ‘i“’gﬁ”&lsﬁ‘%ectory parameters
are at least one of §be§é°’°§é PASH “HireLton an os’(ﬁ’éersfa“it rg BT T A 8&Pect, a method is

maenn data f 2 sub ect the server, said data mrrespondmg to the at
provi ided herein of predpgilcggﬁ‘ﬁo%cg%gﬁer and (c)ecaocﬁ {ating the posmo}i:l of said subject data in said probability

space thereby cherncterizing the clinical outcome of the subject. In some embodiments, in practicing
the subject methods, at least steps b and ¢ are repeated at various time points to yield a trajectory

30 within a probability space, wherein said trajectory is indicative of the likelihood of progression to
the clinical outcome. The subject methods can comyprise the siep of notifying a medical personnel or
the subject of a need for taking a medical action upon assessing or characterizing the position of said
subject data in said probability space. In some instances, the medical action involves at least one
action selected from the group consisting of altering a dosage of an existing therapeutic agent

35  adminiglered to said subject, administering a different a therapeutic agent, and administering a
different combination of therapeutic agents. Notification of a medical action can be electronically



condition that requires medical intervention, the method comprising: (a) measuring concentrations of a
first set of biornarlcers present in a subject and measuring one or more physiological indicators of said
subject at a given frequency, wherein the first set of biornarkers are suspected to be predictive of the
medical condition; (b) based on the concentrations measure in (a), generating from 20the first set a
subset of biomarkers that are more correlative with the occurrence of the medical condition and/or a
new frequency of measurement of the biomarkers; and (c) measuring concentrations of the subset of
(b) and/or following the new frequency of measurement of one or more biomarkers, thereby predicting
the occurrence of the medical condition. [0020] In some instances, a method further comprises
analyzing data reflecting the concentrations 25and/or the physiological indicators with multivariate
statistical software. In some instances, the biological markers are present in a biological sample of
said subject. The biological sample can be diluted by an appropriate fold to ensure, e.g. the
appropriate range of concentration level is detected. 10021] In another aspect herein, a method of
monitoring sepsis deveétopitréne oftdesk et dompiiste nitas AP H- RS MY parameters selected
from the group of (1) bustiyereffipelataretrsafrsuiete o) protefiicc edncehtration of said subject,
(3) interleukin 6 (IL-6) ESHEET PGB ELArEms et mititR Rttt st 4 6end of temperature,
protein C trend, and/or'{#%6: and whereln an increase beyond normal body temperature, a decrease in
protein C concentratiof s “"(‘:‘I“éﬂéle sf‘ﬁ'i‘L“%"”c%ﬁcc" ntral i’f‘)"‘r"’lk"llé1 m“lél'lcgix (af the development of

er readable msh'u ons wxeﬁ executed caus31: roct:s to: a provid ea

sepsis in said subject. T?ﬁ“’”sbme aspects, ecrease m(gl) n and a reasle of IL-6 can be

a setof scrctcc mc h is charac

|nd|cat|ve of the develodé‘rnnenlfg sp5|§“!pgm§m @jgct E‘m some oﬂtjﬂgr&sﬂg@gts adecrease in

of the development of Seee%»hs 'qmy(,fsqba,%,,m,m§psm§uap§tﬁn&g§,mm Ieast.ahqut 10-fold increase in
IL-6 concentration in S%&é&@&&%&ﬂ&?%&%&&ﬁl&%&%& ehreOl-eRRsISIA said subject. In a further
instance, an at least aQut.3QQ:fald, inFigasa-n k6. cRaceRAUALAn R saichswbiest is indicative of the
occurrence of sepsis in&aichslAiee . KSR ethodmaydithe; conmpiisadbe.aep of increasing
frequency of measuring.dds-R.6nsentAlIeRA LpRD an Sincrease beyond normal body temperature and/or
a decrease in protain GegeneantraljopaRaRxampie oihaidiaguency.abilnGimeasurement can be
increased to once a daypBRGaaVEEYmkiZa 8i-Hemk 4M0tHE Hodeianniratipaefithesoccurrence of sepsis
may be promptly followedsky-ar-appeo priate maeicsl intenteniiont002RriAsadescribed herein is a
method for characterizingenedical-cenditioneha-Sublethid@eampnsings ®btaining a first set of
subject data comprising-gitieaSicong-biologicabmbriierandrattesstone). physislogical parameter from
the subject; determiningetiresprebetbilityrafatmedicai-cdtidi ivriottrsabieetieding the first set of
subject data obtained; seftetiryasetomrsbraf el ét tatafioitd theearobability of the medical
condition; and obtainingptftsecs fersetodpseijédedratte frofirtney simsieeTetérsby characterizing the
medical condition of thesisjeteFSToos B H{bsrantthir ssiFderdmethod is disclosed for
characterizing periodicH{8f Bretrittatt SHUR GG r St mEtE t g e i cuifiptiges: identifying a set of
biomarkers for a chﬁcaﬂ%é‘fé’@ﬁﬁf%fﬂﬁﬂfﬂﬁﬁﬂﬁ?ﬁ?ﬁfﬂ?%ﬁ teraalsomBtraath corresponding to at
least one biomarker in gﬂ?ﬂ%é’f’f@é’ﬁ?ﬁ?’i‘*ﬁ?@ﬁﬂ%‘?’fﬁ XS]] éé?”‘d%fﬁ‘“‘%"ﬁ@‘??ﬁg%béld trend to identify
periodic changes in the' “ie'feﬁsta”(‘)"ﬁ’é’”ﬁlfﬁ‘ﬁﬁ%l (“:"ére grr?eaggrﬁi’ﬁ?fm VE BB E Ak M EsSrements of the
periodic changes of the trena:and SUcharaciar enzwi’:,rlf’th SR I :d::?of?ﬁ“ ““b e"tdcff‘f%resby characterizing the
periodicity of the clipic reﬂlgec\'/c%ntc gnaion. mee in Farﬁ'é y‘f émér’fo iy SS[ep comprises

centmt:cm_c said sub #, mlerleukm centrah
Ier

developing an ARIMA mgpae'ﬂto et elermine a encm(gmcg thnmodel The differencing

lag can be used to do- tgg&gngbn%goqu mggme;%'ﬁg ISF p%e%tg&gggmoyg‘g In _.Some instances, the
analyzing step comprisgs, Salshlafiag.2n AUasgre RIgRURSlRD. anskilie easting step comprises
identifying the statistically.2R significant Peaks inihe AutecRielation funsian.n.gpme instances, the
analyzing step comprisgs.calcylating.shecirakiensiv.and thecalculatind.shectal density is performed

using a Fast Fourier Tragsiarmx.] Reriaasybing Slep-eal comprseddentifying.the power spectrum of
the maximum spectral density frequency. [0024] In an aspect described herein, a method for

monitoring subject response to therapy "



30comprises: obtaining longitudinal subject data corresponding to at least one biomarkers in a set of
biomarkers for a clinically relevant condition to obtain a trend of the subject data, wherein the subject
data is obtained from a subject receiving a therapy; monitoring periodicity of the trend; and
corresponding the periodicity to a response to the therapy received by the subject. In some instances,
the therapy is a periodic dosing regimen. In some instances, the response to the therapy is
35characterized by a time-dependent behavior of peak levels of the trend. In some instances, the time-
dependent behavior is substantially constant. In other Stances, the time-dependent behavior is
changing linearly. In yet other instances, the time-dependent behavior is changing exponentially.
[0025] In an aspect, a method is disclosed herein for characterizing the emergence of clinically
relevant subpopulations of patients exposed to a therapeutic agent, the method comprising:
5identifying a set of biomarkers in a blood sample that act as surrogate markers for the therapeutic
agent; measuring the set of biomarkers longitudinally from a group of patients exposed to the
therapeutic agent; ideﬁfiﬂ}fﬁg"’d‘i"s’t‘?ﬁ‘é"ti@fﬁ’é“[@%ﬁﬁ‘ﬁ‘fﬁfﬂ?ﬁﬁﬁéﬂﬂﬁﬁ‘éﬁﬁgﬁ%ﬁ% the measured values
of the set of biomarker® Y8H} HE QU %Thﬂgffgﬁt%‘faﬂéaftemf?ﬁﬁﬁ%?ﬁﬁﬁﬁfé of separation of the distinct
clusters and measurind e diStace %fW&"éaﬁvi?{geﬁf%ﬁﬁ;&°(§Igﬁ_psshéf§mfﬁ" lé{:aét'tgf'lss?fcé manner; obtaining
patient information frof: iﬁég@%ﬁ;@%@ﬁ? 16 TSIty The péatients in clinjcally relevant
subpopulations; and comparing fie difincteltisters. o the clinicallyTelevang subpopulations to
characterize sensitivit;g%gg ’%B%%L‘ﬁ‘%%?&.}a% distinct clusters fo. Argdict fhe clinically relevant

of sepsi¥ way be prom Y all ppro

subpopulations. In somg;instances, the method further comprises identifying a second set of

biomarkers configured ggimRprouedhe-characierizationpiihe.emearasnce fdistinct clusters to
15predict the clinically fglavank.sHRRGRUIAHLRS: A SHMEINRIARCESILINEGLeWR Ktpatients exposed to
the therapeutic agent afgRadtigipantsdises elinisal diakinin soparinsiances dhaglinical trial is a dose
ranging trial. In other ingtanscas.dhaslinical;ttalisa.pas-aban-adaptiveelinicakiial. The adaptive
clinical trial can be designasytechataciaize aneplinialdasing egiensicande designed to
characterize an optimah«espantempepuiatiannla samednstances, the measuring the distance step 20
comprises measuring thesMahealanebisdistancaeibetveenihedistnatiglistesgentroids. In other
instances, the measurirgithefdistande-step-ecompsesineastiingthemadarasi-neighbors distance
between the distinct clusters shrinre toaiinir Stir desotherie raurngdtiendistamé et step comprises
measuring a Euclidearritistrme e mabistrie: pefvre el thddiswiertistors i fesdmernstances, the
measuring the distancé sty rresiarieg dAritantrarrart distemricds dreesstirebémieen the distinct cluster.
25INCORPORATIGN ByREFRERENCEoT26TAMpstitatismscdid Phrdntdpptications mentioned in
this specification are h&réfirifcorparatEdiprateTeTeTs the' St BXPIAS if each individual
publication or patent afffeat o rsEe &pB IR arra LAY IETiRg whartared s i&incorporated by
reference. BRIEF DESERIPTIOR S E T BRAVIIS S SOI002 718 &4tures of the invention are
set forth with particularfty i e AppeRtelr Eramee Kpenerurerstmdiraoriteteatures and
advantages of the ifvelfion Wil be 60 ‘é‘if’r’f%ad%ﬁgmﬁté’?er?es"r?@émf“o“ HETENOWIRG Getaifed description that sets
. . calculating spectral density and the calchlating spectral dengity is performed psing & Fast Fo
forth illustrative embodjmglf{;ljng,I n Which mar npglnﬁfgjgggeﬁﬁbwlsnvenﬁ)?@e are Ufifized, and the
accompanying drawinqgwgﬂmaggﬁgf%éﬁ T%?g. T fustrates a genera represeruffation of the Mahalanobis
distance method and thg, 35represeniative ellinses Jhe.figure.also includes the Mahalanobis distance
mathematical equajfjon

comprises: obtaining longitudinal subject data comesponding to at least one biomarker in a set of
biornarkers for a clinically relevant condition to obtain a trend of the subject data, wherein the
subject data is obtained from a subject receiving a therapy; mositoring periedicity of the trend; and
corresponding the pericdicity 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

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



[0029] Fig. 2 illustrates an example of the results of a cluster analysis of a clinical outcome. 10030]
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. 510032] 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. [0034] Fig. 7 demonstrates a method of establishing rules for a probability space of clinical
outcomes. 10[0035] 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. [00371 Fig. 10 is a flow chart illustrating an exemplary system comprising a
server for communicating and processing medical data. 1510038] Fig. 11 illustrates an exemplary
embodiment of a system of the invention with real-time acquisition of subject data and the transmittal
of the information in real-time to a server or system that is capable of convertlng the information or

data to a phyS|oIog|caIf§i’?€T§{7‘éﬁT°b‘bﬂ'fé’R‘t““E’Gﬁ’§§] ’ﬁi’&‘“fﬁaﬁe‘rﬁam’fr?@s an exemplary system of the

invention, wherein a h&ATHTECEFE f&ﬁ‘ﬁ“"’dfé’m rltses T wft“giﬁg?iﬁgﬁ?e models and
algorithms, and softwa‘?&”é 1"&%?“0”’ 6‘521 y=iie °i%?nl@ﬁsfr%%s an exemplary database
comprising an ontology ofbio aFf(ers ?Fla e, refq%ﬁ sorguemt%pes 0 ‘m'gcchcal conditions. [0041] Fig. 14

illustrates the an exem P‘Tﬂa 1&?5&%@ of a mlmees ANCALE PRErANG SMSE%EEQSQIMQ invention wherein the
central operating System”hqg 20085510, 3.0aa,JOTRSHHSINE. A0, /mapiiarng.davices for obtaining
subject data. 25[0042] g Ao Gemensiaies.ap.exemplan sysiem.qf sigdnvention wherein an analysis
database can receive ipfQImalion Tom:a dalahass. conlaining.data fiam.aeader or cartridge
database, historical,dajahases.aRalientdaiahass that canapnipindata.enieied:by a patient, and a
customer database. [0Q43] it 18 distrales.axemplan. aiestores afhuaisublects in a probability
space representing progiatgucanesr disstaia chiniaalatHeamesq3 0044} kigal 7 illustrates exemplary
trajectories of two subjeeisde:as s ebahiliy.spaces senting-ainicalogicomesof a subject developing
sepsis. [0045] Fig. 18 ikustiatiesexamplary isajectores ohdwersubiettsdnugeprobability space
representing the medicakieanditien ekadiaetid:subjeotusimgsair ivsulimBzensitizbr e [0046] Fig. 19
illustrates a method of geapiatesiyrrepresentintyial tid)etoripspisulydietdtatas miox 35probability space in
two dimensions. ranging trial. In other instances, the clinical trial is a part of an adaptive clinical trial. The adaptive

clinical trisl can be designed to charecterize an optimat dosing regimen or can be designed to

characterize an optimal responder populstion. Tn some instances, the measuring the distance step

20 comptises measuring the Mabalanobis distance between the distinct cluster centroids. In other

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

between the distinet chusters. In yet other instances, the measuring the distance step comprises

mensuring & Buclidean distance measure belween the distinct clusters. Tn some instances, the

messuring the distance step measuring & Manhattan distance measure between the distinet cluster.

25 INCORPORATION BY REFERENCE
[0026] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent application
was specifically and individually indicated to be incorporated by reference.

BRIEY BESCRIPTION OF THE DRAWINGS
36 [0027] Many features of the invention are set foith 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 sety forth illustrative embodiments, in which many principles
of the invention are utilized, and the accompanying drawings of which:
[0028] Tig. 1 itlustrates a general representation of the Mahalancbis distance method and the
35  representative ellipses. The figure also includes the Mahalanobis distance mathematical eguation,
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[0047] Fig. 20 illustrates a method of graphically representing a trajectory of subject data in a
probability space in two dimensions and the position of the data for defining discrete clinical outcomes.
[0048] Fig. 21 demonstrates a dynamic subpopulation emergence based on cluster analysis of a
5Monte Carlo simulation of a two-cohort clinical design. [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 seasonality of two type 1
biomarkers over time. [0052] Fig. 25 demonstrates a time series of a biomarker value versus the time
of chemotherapy delivery.  [0053] Fig. 26 demonstrates the relationship between parameters
computed from circulating 15 {Amgen levels measured over time and/or and the time-to-spike. [0054]
Fig. 27 is the IL-1 beta concentration versus time point number. [00551 Fig. 28 is the
sample-to-sample fold change for IL] -beta versus time point number. 10056] Fig. 29 is the IL-6
concentration versus tiff S@iAtRFBET kPt ent'T BEeAE SEPtE T0057] Fig. 30 is the
sample-to-sample fold @Rl FaPTT SBUArae fREpE Rt i A BEF ST &I 98p4tent 4 became septic.
[0058] Fig. 31 is the Tﬁ?5°é1ﬁ§ﬁ§€6‘6’f’f’é°€??f?§fi%cﬁ‘?iersus time point number. 100591 Fig. 32 is the
sample-to-sample fold'thange 1or fx_a"l’ﬁ'ﬁgg"b%”rmd fifne géfgf%mrﬁ%r. J0060] Fig. 33 illustrates the
residual plot for Patien} 5 Who Nas & fevier spike. and no_ decreasing markers 25[0061] Fig. 34

. ewer spike and no é‘gecggasmag] m ..
. 0033) Fig. 6 strat exnplary method of alert ser 10 assess & Sl
demonstrates Patient éuéjz?]\nt;g ) OWCHO\IM (Ténccx SN ¥ ‘?: ir

aofg%lg S ng reasing Protein-C with increasing IL- 6 just prior to

fever spike. )0062] Fig .29 18,& schematic.ef.heJikislhe swilch.Apd the.cytokines representing each
phenotype. [0063] Fig. 36.and Fig. 37 demonstrate that the system uses an equation that is
anticipative of 30sepsigdsing fheaauaied.Mabalanebisdisianeg,sauation and Bayesian Probability.
[0064) Fig. 38 illustrateg,a aph.RdimeniaRlib.ohmarkeLpretainsdonapatient in a sepsis trial.
model to assess a clinical outcorme.
[0037] Fig. 10 is a flow chart illustrating an exemplary system comprising a server for
compunicating and processing medical data.
15 {0038] Fig. 11 illustrates an exemplary embodiment of 2 system of the invention with real-time
acyuisition of subject data and the transmittal of the information in real-time {0 a server or system
that is capsble of converting (he information or data to a physiologically relevant context.
10039} Fig. 12 demonstrates an sxemplary system of the invention, wherein a health care operating
system comprises data infrastructure, moxdels and algorithms, and software applications.
20 [9040] Fig. 13 demonstiates an exemplary database comprising an ontology of biomarkers that are
refated some types of medical conditions.
[0041] Fig. 14 illustrates the an exemptlory hierrchy of a healtheare operating system of the
invention wherein the central operating system has access to a data infrastructure and monitoring
devices for obtaining subject data.
25  [0042] Fig. 15 demonstrates an excruplary system of the invention wherein au anabysis database can
receive information from a database containing data from a reader o cartridge database, historical
databascs, a patient database that can contain data entered by a patient, and a customer databuse.
{0043] Tig. 16 illustrates exemplary trajectories of two subjects in a probability space representing
prostate cancer diserete clinical outcomes.
30 [0044] Fig. 17 illustrates exernplary trajectories of two subjects in a probability space representing
clinical outcomes of a subject developing sepais.
[6845} Fig. 18 illustrates exemplary trajectories of two subjects in & probebility space representing
the medical condition of diabetic subject using an insulin sensitizer.
[0046] Fig. 19 illustrates a method of graphically representing a trajectory of subject data in a
35  probabifity space in fwo dimensions.



[006%) Fig. 39 illustrates a bivariate time course of two particular markers (protein C and C-reactive
protein) in the same patient. DETAILED DESCRIPTION OF THE INVENTION [0066] In one
embodiment, a method is provided herein for characterizing the probability of a clinical outcome of a
subject. The method commises the steps of (a) constructing a probability space defined by a set of
discrete clinical outcomes, each of which is characterized by a statistical 5 distribution of at least one
biological marker; (b) obtaining subject data corresponding to the at least one biological marker; and
(c) calculating the position of said subject data in said probability space, thereby characterizing the
probability of the clinical outcome of said subject. 10067] In practicing the methods herein, one
generally utilizes a set of biological markers (also referred to herein as bionnarkers) relevant to a given
clinical outcome. In order to improve the 10reliability and accuracy of a mathematical calculation,
biornarkers are selected based upon multivariate statistics from data pertaining to a clinical outcome,
whether it being, for example, a disease or a medical procedure. In some embodiments, discriminant
analysis is performed (8"t PhiliartRa PSS ERTEHEBTSITANREIS DERAINING 0 a particular medical
clinical outcome. 10068 T ER S & s S EtA SoF 1L B v ey h&res dgfrcﬁer‘éhgfgting the occurrence of a
medical 1$condition th&t T&Guires medical interventjon, the method comprising; (a) measuring
concentrations of a first eet Of DIGTIAT 'aéFsd“é'fé%B% .%pfﬁ‘g‘ subject and measufing one or more
physiological indicators Of sAid subject af a given ircej'ég}:]etggy wherein the. first sef.of biomarkers are
(0. i demonhstraies p‘ots the cluster E s versis the hypotheti

suspected to be predictll\}tgei of the medica condition; (b) based on the concentrations measure in (a),

generating from the firgf,56(.a subset of biomarkers.ibalate,mare.caTelative with the occurrence of the
medical 20 condition apg/or a.new.friequancuatagasurement of the biomarkers; and (c) measuring

concentrations of the syhsetof (h.andrialioning.the.new:l aauepcikaimaastrement of one or more
bioinarkers, thereby preglicting the occurrence of the medical condition. [0069] Pluralities of discrete
clinical outcomes, somgiignes referadiinssradical-autcamessio a-spesiiowedical condition are
plotted in a geometrical#manner. A set of values of the biomarkers are 25 chosen that are the most
representative of each pligical Butcames hdsing.dhormathemeatical-methrods described herein,
probabilities of class asgignmenictecachiciscrete: chntealssiicome can be assigned to any set of
values of observed biomesrkess7 Atprobabilitrspaceseansthenconstructed by plotting the probability
of any set of values of 8bSeFzeditiotogicatrminikiéray it Hievgeoimeritngpgce defined by the plurality
of discrete clinical outctff$i=30F(6 1.0 -Modabbaitd img POOPEIh Vst frd b imathematical
modeling describes thd®inkinicsterarstogesyefdiram Samecnstarces e istiels use a system of
equations representingrieité e seirameters, biomarker and drug concentrations and the like over
time. Such equations it B SipTET el R SR iR erss8EPonn, yielding an algorithmic formula.
However, in some instdff&e SenfdtEs i furriPYsmedaSd eah B&158 BBHBIEX to permit a simple
closed form solution. In*48h{& HdbRcets S EYRRBI A > who bes » fever spike and no deoruasing

markers.
25  [0861] Fig. 34 demonsirates Patient 4 data points showing decreasing Protein-C with increasing IL.-
6 just prior to fever spike.
{0062] Fig. 35 is a schematic of the Thl-to-Th2 switch 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 squation and Bayesian Probability,
[06064] Fig. 38 illustrates a graph in time of a plurality of marker proteins for a patient in a sepsis
trial.
[0065} Fig. 39 illustrates a bivariate time course of two particular markers (protein € and C-
reactive protein) in the same patient.



described herein can be projecting numerical solutions forward in time, also known as termed
predictive biosimulation. 10072] The objective of cluster analysis is to group observations into clusters
such that each cluster is as homogeneous as possible with respect to the clustering variables. Any
conventional clustering 5algorithm may be used to define the discrete set of clinical outcomes based
upon the recognized biomarkers. Besides the Discriminant Function Analysis, there are many such
algorithms, such as "Single Linkage," "Complete Linkage," "K means," "Ward's Method," or the
"Cenhoid Method." Additionally, one can identify clusters using "Decision Trees". These algorithms are
well-known to anyone familiar with the art, and are available in standard statistical packages such as
SAS and 10SPSS. The clustering algorithms group like objects together, and keep unlike objects in
separate groups. [0073] Multivariate statistics to identify classes of similar subjects in a sample
population can also be applied for building an appropriate model. The techniques currently employed
include, but are not limited to, Discriminant Function Analysis (DFA), Hierarchical Clustering Analysis,
Factor 15 Analysis (in which an uno‘gﬁﬁhﬂ’ﬁféﬂwmﬁfﬁmméogssumed) Self-Organizing Maps
(SOMs), Support Vect&PALmifEa TSty sy -Hrer ’eurar f\féﬁmﬁﬁi’fﬁ%‘ﬁbﬁ’hﬁérn _recognition technology
using multivariate desé 'ffé‘&?B“r%’bJWh%W?uf)‘“é‘EFéﬁaﬂ?eﬂ?Fa (s)rffast'm% “10°1Y mor P dompletely manage an
adaptive clinical trial. [6 r?m%nl ues estlm the mo e 5“5“?%1%&{1 space include several
conventional 20 me{hocfts suc m(% |ca met a}psu ara |ggﬂ£dbabsgq nonlinear optimization

r:bujon at]ea ne :oo
(Mendes and Kell, 199?5 “Thf‘?’e e gra embt;gﬁt?f" e:é’:ﬁﬁﬁmyoppp tﬂd {0 those problems that can be

converted to linear reg[gssiph profien ik aud.ate dengralluiol Sa6pahis.a alpsec-loop learning as
they require human intefyention. af.each SteR... e aradieni:nased. Aopligsaneptimization method does
not have such a resfriction: NOWSYE! it.Jdees teauirgdnfarmation akauttheerror function with respect to
the 25parameter estimalRSds.sHSRh AHERANVEIgRS o acalmining Exaliionary algorithms
including genetic algorithms, SvaliHionanRIRARRIAGgenelic.programming, and their variants
(Back et al., 1997; McKayeiak mdB97mRdwasd salals 2 998)have.heen applied to overcome these
limitations. 10075] In seiieg instanees.ia bpstancaunpianthedynamies efiabiological system, the
equation systems discussied mbhave.can-e-sampasecoi-ordinany ciHereritakeguations which calculate
the rate 30 of change of aibiclogisakentitovenafiadtimecsegmentsiddet girantification is a function
of the state of the systemsiattiae-ingtantohandbysis: and mdtades termsHor @l other entities in the
system that might affect-thit reiteref-dlatige (1 BETG] hyrrermicimstances) axriestiibed herein, biological
entities of interest are fufirehdn Bioothcormptisingbatrmsttirmibdd toehcalatirmgProteins. In the modeling
space, the time ratéof ehidirige ok S &mem-pitiogicarefiitiorsdaiad tHeeervative and is quantified as
the instantaneous slopesfrerisidiogits By LbyheertrdarrearvenTIme thiie domain. [0077] The
value of any selected targEPHitTD il writse 4t eachseserdirsamisting time point can be calculated as
well as the rate of charftf&fSaten) Sty e SEHTBRIT ?ffﬁﬁ'é" TP PES[itin a point estimate per
biological entity for the BEARARA T (HiFELBTH r%?ﬁ“g“ﬁlu”i"ﬁ‘gtf‘ fited ira'e °§"”ke iff concentration per
unit time. 5[0078] Iﬁssofﬁé”éhfé\%“%?:““ﬁﬁ“?ﬁm‘ﬁ%eaaﬁ fff“f“z‘e tWo o“ﬁwt? S aI'Bn with a K-point model
fitting regression equatlosﬁg"’flﬁm&'fjgﬁ e Tast R 6t s”éew?ﬁaonss“f%cé%tlrﬁ’a e the “he fn second and higher

order denvatlves for exsd of valuds of observed biomarkers. A probability space can then be constructed
)axe pro Bbl.lltj" of any set of values of observed biological markers within the geometric space

defined by the plurality of discrete clinical outcomes.

30 [0070; Model building
{0071} In some instances, mathematical modeling describes the dynamic state of a system. In some
insiances, the models use a system of equations representing outcome parameters, biomarker and
drug concentrations and the like over time, Such equations might be simple enough to solve in
closed form, yielding an algorithmic formula. However, in sotne instances, roodels of human

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



dP(0/dt = fiP(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 are coefficients in those equations that quantify those relationships, for example
comprising production rates and clearance rates. The system can be linear or non-linear. [0079] An
alternate embodiment of the mechanism is a system of entities where P(t) is a protein 15vector 1E0
=P2(t),...PN(t)1 where N is the number of proteins chosen to sample, and f(P, etc.) becomes a matrix
wn(t); Krim. The system parameters become a vector as 13(11(0). [0080] For example, clearance
mites of each PAO in the vector LI(t) are captured in this vector form. p(li(t)) characterizes the
functional coefficients of the matrix M. The system is linear when ft does not depend on 11(0 or on
time. The system is linear and parametrically time-dependent when 11 20depends on t, and varies
linearly with time. [0081] In another example, the system is nonlinear when the clearance rate changes
with time and can [00821elifEsen s ’P@’@‘tﬁf&ﬂlﬁ'ﬁnbf?%ﬂf%aﬁﬁﬂﬁn e The system is
represented but s not IFl‘Fﬁ‘fé"dtﬁ’Y‘%"\‘/ector equation: 25ciliktydt Mffl t% rumor 11(t) [0083] In yet
another example, the dg}’ﬁzérﬁf’c é‘?’ﬁ?é"fd’*"%ﬁ”éf&ﬁi?:‘sa'f?y"s"teﬁ'ﬁ‘é%é‘émacl‘éﬂ\/e TPep ficity which is captured in

us a3 possible with rey tto.t V
an exemplary biosimul S s°fem ‘Eeﬁenr dQ:E;f 3%& scdu&pltgamg act on a small subset of

other entities. For exam?fg;:pré ein e§ ine ratl%lso{hgroductlon agf[&%gglgml by binding to a cell

¢ Ar¢ many such

surface receptor on angcivaicd 5 e%g"i“cfi? The concenlralion 9130 AiRlgi,e-modifies the rate of
production of protein I. When, ao;ngnqdprgtesmm 0. {herRIPIHCOR AL AIRIBIRZ-he rate of production
of protein | depends m%&?%&&&b&e level Qf preduction.of pEotein.2; 42084 L he equations that best
represent the above, exgmaple inJhisfiesipiiation sysiem. dB-PRidbir2palt) 5dP2/dt = -fin P2(t) +
1323 P3(t) dP3/dt - 0 (Q@g9) In these exemplary equations, the concentration of Protein 3 is constant
and the rate of 10Protelird procusiion:is andacieasing.dyaciionetthe huoteimdievels, factored by
P12>0, In addition, be applicd for building an appropriate medel. The techniques currently employed inchude, but are
not limited to, Diseriminant Function Analysis (DFA), Hierarchical Clustering Analysis, Factor
15 Analysis (in which an underlying model or relationship is assumed), Self-Organizing Maps (SOMs),
Support Vector Machines (3VMs), and Newral Nets, Bach is a pattern recognition technology vsing
multivariate descriptor veetors, which subjects are classmates, to more completely manage an
adaptive clinical trial.
[0674] Oiher techniques estimating the model parameter space include several conventional
20 methods, such as the graphical methed and gradient-based nonlinear optimization (Mendes and Keli,
1998). The graphical metiod is typically applied to those problems that can be converted {0 linear
regression probiems, and ate generally not amenable to closed-loop learming as they require human
intervention at each step, The gradieni-based nonlinear optimization method does not have such a
resiriction; however it does require information about the error function with respect to the
25  parameter estimates. As such it offen converges to local minima. Evolutionary algorithms including
genetic algorithms, evolutionary programming, genetic progranmming, and their variants (Back et al.,
1997; McKay et al., 1997; Edwards et al., 1998) have been applied to overcome these limitations,
[0075] In some instances, to best account for the dynamics of a biofegical system, the equation
systemns discussed above can be composed of ordinary differential equations which caloulate the rate
30  of change of a biological entity over a fixed time segment. That «uantification is a function of the
state of the systemn at the instant of analysis, and includes terms for all other entities in the sysiem
that might affect that rate of change,
[0076] In many instances, as described herein, biological entities of interest are found in blood
comprising but not limited to circulafing proteins, In the modeling space, the tire rate of change of
35 each biological entity is celled the derivative and is quantified as the instantaneous slope of the

biological entity's concentrations curve in the time domain,

10-



the levels of Protein 2 are a function rate Protein 2 is cleared from the system, in this case,
proportionally by a factor p2, >or and the effects of P3(t) on its production, described by a factor 1123
>0 and is parameterized by the vector (13,2 4322 , 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. 100861 By measuring Proteins | and 3 at each time
point in a monitoring period, values for PI (0, and P3(t), and estimates for dP/dt and cl.Pidt are
obtained. P2(t) can then be solved and constrain the solution set to a parameter vector Ora , 1r22
0.23), which is defined by well defined algebraic equations. Estimates of both P2(t) and dP2/dt derive
the state of the constrained system based on 20point estimates as derived from the samples. This
allows for projecting forward in time where a model trajectory will likely be at the next sample point,
and re-adjustment of the model parameters as necessary in a dynamic feedback self-correcting
system. (0087) The self-correcting mechanism and feedback system can be unplemented in a
periodically sampled mi¥Z8 frertientesace Bd thEr ot rramitiHant 8 HY rétiSErameterization can
take place at 25 each SamipRdittehvale AHET SR IpEandn srimeseifitstretihy methodology, the
space of acceptable pAPETEtETTSEHSFY SibthteBuyiH( EBsVRIdE 184 PaticHt E¥PEcific vector that
projects forward in a pfeBIEHVE WA ECHSYy. 100881 A system that dynamically characterizes patient
subpopulations bas&d 8“ﬂhi‘é"?8ﬁglfﬁ°6’iﬁ5?msh°ﬁ1“?m twoc'I% e Est?{(/"éfﬁro%“fﬁlﬁfg% Y

5 ugh the tas 5 O rst, second, a 1

53501 ti K dhs; n% 5, fo estimale I’ Lfreo%e;gan use that
information as a Type ?gﬁémﬁ?}g&%ﬁ eFﬁ‘y 0 the researcher scientist that the compound is acting
t

on the target as expectéd. 1Hie crapism of action for thaf compaund.gan also be researched for
whether it is acting as %&%}ggﬂgﬁm@g@m natiheSnanic,emerasnsatihe subpopulations is
based upon their behayjors and the. RroteinAQes MeY.x0ibiL 10089 nangexample, one population
is treated with the test GompoAd WA ARQINEIS.a0 3oMakeAdenRL diihadarotein profiles of the
treated population behgye.inaceRrdanas. withihe-unarridng hupothesisasd pettains to the
compound's mechanism.Qf.actiQn, the protein profiles will, as a conglomerate pattern, act as a Type 1
biomarker. If individualgemithindhat pepeiation show.eensidarhia-sarangeadp-death the direction and
velocity of the protain prafilegadiusiment@itaerdosesef the-slowen pepulatiorr rembers can occur
and the trial protocol carde Ghanget aceordingiyr 5080 -Anvaretgligbatistical analyses are
applicable for building @genbedbiliii. spase-os et el Figvduiiotatessin dkerplamy characterization of
similarity as measured ithauMeahatanohisidigtsneef ity gitivd-difnersid el (frutivtuiate) space. The
outcome of a discriminamésfend etidimoam gy SThe sty Sathyodriveatriiriobisraistaried for every subject in the
analysis data set. The rsetiiotsdfpeforiniittie discriminant analysis in this manner or similar
manners are known to #¥bd skftreviefmiihesmiTin e U Refastee wfe e iR o independent
variables (for example,*siomarkers) are plotted against each other. Each patient in the analysis set is
reprmented by a single P&t yraptiorHe arsties fews et B i cH Attt biomarlcer pair
pattern and the centroid B HECTIgE* S data is calculated as the Malmlanobis distance and is
represented by the Bllipses in the Fig ™ REREHMRE ERtroid can be typically defined as the mean
sector of all independefif exSUTEs " lé’tgﬁg‘é'éwoﬁa TTOraBE PRgrs s ferel of specficlty

which is captured in an exemplary biosimulation system. Every entity in the system will typically
act on a small subset of other entities. For example, protein 2 modifies the rate of production of
protein 1 by binding 1o a cefl surface receptor on an activated effector cell. The concentration of

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

11~



15probability that any particular patient belongs to a cluster depicted herein is inversely proportional to
the distance from the centroid of the cluster, ht this way the Mahalanobis distance ellipse on the plot in
Fig. 1 is used as a measure of similarity between the two sets of independent variables. This method
also accounts for noise in the appropriate distance metric by assigning probabilities of class
assignment for a particular patient based on the variance observed in the underlying clustered data.
20Thus this method can account for uncertainty in the probability space. 100911 In conventional
clustering, one typically works from a distance matrix, which lists the similarity of every object to be
clustered versus every other object. The process begins with the creation of the distance matrix as
known to one skilled in the art. A triangular matrix of distances among all pairs of patients must be
computed. Each of the distances between subject data will be a 25 function of the measured
biomarkers. The function would take the form of a sum or weighted sum. The distances for a given
variable are, in turn, a sum of distances between individual observations for that variable. This turn
also may be weighted. 84 Escasriiu b aerretus terBr-supis G pEHtiAny febfesents a discrete clinical
outcome. [00921 The distance matrix metric can include calculating a statistical difference, such as the
30Mabalanobis distance, Euclidean df&t:é*and Manhattan distance. The matrix represents, in a
statistically rigorous way, the similarity of two multivariate patterns in a multidimensional space. Based
on these distances, individuals are gr%ﬁdb%‘gﬂf’é&éﬁ%ﬂn a cluster. 100931 Fig. 2 illustrates an
exemplary clustering method of definin%tgh% discrete clinical outcomes. In this example, the centroid
method was used to determine multip&re centroids of biomarker data 35patterns. Each centroid either

defines or belongs to adlifferent set of discrete clinical oyicomes hased.wean.measured biomarker
information. In Fig. 2, Gxamples.alhs Flass isalor.QbHIATarksi.AAURIRS Rlamedical condition
include a partial respongler glass. R0 NuESRANRE.5RSSAucoMRRIe Faspander class, and an adverse
drug reaction class. Evgry,daia Roinlis,/elaled iaa saptsoid.pithe alass: it fallswithin. The centroid can
be set to be the point megh feRiaseRiativeg 6 e Glass 40 0d]-afieL the gistapsgamatrix has been
constricted and discrete.glinisahoucaneshave been2dafinad by-a-set.ahbigmarkers, a probability
space can be constructed-framdendtivaciataistsibutions (for example, clusters) by applying a metric
that accounts for the vasemee -couasianse: st atnaefthendatanBased, upemith® measured distance, a
probability for class assignmesntderamnyabsenied biomgaskdn patterris-calculaiad: The calculated
probability for any obtaisiesh biorneaskes pattern tefineshithe ol abitity-apteert0{0095] Where desired,
a probability measurement-is Garrie o vty dyiaiae Baye sidncosteuiationb@trer methods of
calculating the probrabilirfeietasgassignmment'snEhs eevtiararema btHrited thrdelson-Aalen estimation,
the ordinary least squared'estimatibitetheerghito: kst Syatirag of the model parameters
88 necessary in a dynamic feedback setf-comecting system.
[8087) The self-correcting mechanism and feedback systema can be implemented in a periodically
sampled measurement space, and hat model refinement and re-parameterization can take place at
25  eachsample interval. After each application: of this self-vorrecting methodology, the space of
acceptable parameter vectors should begin to converge to a patient specific vector that projects
forward in & predictive trajoctory.
[OUBE] A system that dynamically characterizes patient subpopulations based on the longitudinal
sampling of predictive protein profiles can use that information as a Type 1 biomarker to verify to
36 the researcher scientist that the compound is acting on the target as expected, T'he mechanism of
action for that compound can also be researched for whether it is acting as expected.
Characterization of the dynamic emergence of the subpopuiations is based upon their behaviors and
the protein prefiles they extibit.
[0089] In an example, one population is treated with the test compound while another is an
35 unireated controf. If the protein profiles of the treated population behave in accordance with the
underlying hypothesis a3 it pertains to the compound’s mechanism of action, the protein profiles



estimation, and the maximum likelihood estimation. Another method is to use a decision tree analysis
and from the measure determine the ultimate sensitivity and specificity of the derived rule. 15100961
Fig. 3 illustrates an exemplary method of the invention of building a mathematical model for assessing
a medical condition. Based upon prior history of a medical condition, a user (for example, a physician)
identifies the relevant clinical outcomes or outcomes. The physiology, a compound or drug's method of
action, and/or off target treatment effects are then utilized to help define the borders of a probability
space. 20[0097] A graphical example of the probability space and the discrete clinical outcomes that
define the borders of the probability space are illustrated in Fig. 4. Each number represents a different
clinical outcome. [0098) Biomarkers that are most relevant to 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 discrete clinical outcome to which the independent data is most closely
correlated. [0099] After the data sets are classified by cluster analysis and/or discriminant function
analysis and identified =i «lrrebetrmtrmnessaiercdivmtd | dozdisk b EcimeaFButcome is determined.
For each reference pomtroriffdepsentertidntirkertatseoiie = sropiolit st ¢lassification into each
reference clinical outcditfeMs s p-SpToroot WHEH aEtREth4F fffd¥idual subject is obtained
corresponding to at led&P8f& biomarker, the data is input into the mathematical model and its
geometrical positiori wififi t’h‘@“ﬁ?ﬁﬁ%‘i‘ﬁ‘ﬁ?ﬁﬁﬁé‘éﬂ’g'ﬁ%‘f fmb“’ldm%f”,&bﬁm S etnCis then used to
determine the position of ‘tﬁ*&“é’&gf@‘& fh“““rf“"’?%%e 'f’o WA Eimear ou?g?)nmﬁe In a prefvoid
embodiment, the distafit& {REHE |§mfhmﬂ/fasﬁw anob f%magglang%w glr"ﬁe suble “ﬁﬁata the model obtains
a distance metric corresﬁponza"nigrfmﬁgéa%“als crete clinical outcome. eiOQlOMStatlstlcal estimation

method is used to conver'f"fﬁgcgag;‘“l ality o ;ﬁ:ﬁl%tq melics N aRlurality.Qf probapilities for the subject
data. Each probabiltty & e PIUrality of proRaRliles. A1 SRRAAS 10,A0iRgisis. flinical outcome. In an
embodiment, the statis{ical eslimalions.a Rayesian GSUmataR «Hhe.Aluraliyal probabilities is used as
the coordinates of the subigct.oataln.he.aae0melticRrebability SPRcE esushias.the one illustrated in
Fig. 4. The position of g subicGtdatawithinthapmbabilit.spacsds ar-assessment of the medical
condition of the suhject,+803 02 l3ues can baassighnadbyuihe usaiias examale, medical personnel)
to any point in the probahilitsRace dhe ralessnayguids ihedserdindandeesianging the subject's
current medical conditigmianshguigenthe: usnildly seles tagoaccolnesobastion. T [00103] The methods
described herein can be-pederaed: &t @b poispidtimendurng cbssnatiaradthiessubject. Subject data
can be obtained at varisug-ime peiris: ridaerpasitivrdithesubject-datédrivtivel grobability space can
then be calculated using#ie mathenraiical methodshdesdilibbaricherein. The steps of obtaining and
calculating the positionigfsubeetidetdurgeprobability’s facetienrr rrirepddtstto yield a trajectory
within a probability spasei=ihéreirrsait trajectorpisiditatire Sleadmessenigd <l 5of the assessed
clinical outcomes. [001@# T Gt 00105 e aifreticar coteRtirPteyFesses, a subject is
typically monitored by rifsehekrBaresmn®t ksmmtshify: el freprarsrmetebsiitiing a series of tests. As
testing methods an® detiten! SerrrrS it dPeCare it St i ue e ieY "BBEOHTE more reliable and

acceSS|bIe data from tH‘@: ﬁs&aﬂﬁﬁregﬁn variable are, in fum, a sum of distances between mdmduai observations
for ihat varisble. This sum also may be weighted, For example, each cluster of subjects potentially

represents a discrete clinical outcome.
{0092} The distance metrix mettic can iclude calculating a statistical difference, such as the

30  Mabalanobis distance, Euclidean distance, and Manhatian distance. The matrix represents, in a
statistically rigorous way, the similarity of two multivariate patterns in a multidimensional space.
Basod on these distances, individuals are grouped together in a cluster.
[0093] Fig, 2 illustiates an exemplary clustering rethod of defining the discrete clinical outcomes.
Tni this example, the centroid method was used to determine smitiple centroids of biomarker data

35 patlems. Each centroid either defines or belongs to a different set of discrete clinical outcomes based
upon measured biomarker information. Ins Fig. 2, examples of the classification of biomarker
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20 be acquired and processed at multiple time points. The sequential structure of obtained data is
often a time series or a set of longitudinal data, but may also be data that reflects changes that occur
sequentially with no specific reference to time. The system does not require that the time or sequence
values are equally spaced. In fact, the time parameter can be a random variable itself. 1001061 In
some embodiments, the time series of obtaining subject data is at least 6, 24, 48, 72, or 96 25 hours.
In other embodiments, the time series can be at least 7, 30, 60, 90, 180, or mole days. The time series
can also be over a series of years. (00107] The longitudinal data provides valuable insight into the
progression of a medical condition or treatment. However, as the number of tested items increases,
the complexity of analyzing the longitudinal data increases. It can become very difficult to understand
or determine relevant data 30 about a medical condition or treatment. [00108 The longitudinal data
acquired from a subject can be grouped into a vector or a trajectory to assess a medical condition. A
vector is defined geometrically as an arrow where the tail is the initial point and the head is the
terminal point. A vectoP@eﬁbﬁﬁﬁﬁ‘i‘%ﬁi’?‘ﬁfﬁﬁcwféf@"fb‘°§’°§‘?o{j’?%\b‘ﬁi’é‘ﬁ?"ﬂfﬂ)%Fﬁ?ﬁé‘f’épsystem such as
longitude and latitude. R4 %iﬁ%ﬁ“ﬁ%ﬁé%f’?fi@‘éﬁf&m ampe™ mmed?g VELSrEextensively to locate
objects and to determifi&th ]“d“\“é% 10870 “f"?ﬁ“‘"vem“ebr?t 0 °§|r';é;raﬁ hﬁéi@rqﬂgfgm[omog] Physics and

tructed and djscrete chmieal oul
engineering fields are br%a’i’l%fr ’ﬁwe oS fcom [ion Users of vec OTySIS and have stimulated much

a 1 & truct Eqm
of the mathematlcafresearcﬁ ’t mmt j;t ‘fmegspacﬁfén :g{:qnf:t(;rcggnalﬂlsw abjects include equations of

ACCOU

motion including locatigf, Velo °rméwfs%tm,9Qmm%!ee;qggahtggnts:agfg,g,r%u@moments of inertia;
forces such as friction, §}reo§§m S alndCq@gtgqmgg@%?ogﬁg&g@g@%mds 100110] Velocity,
the time rate of changea@np%gg‘ppn@mgs&gmbmatlon of speed (vector length) and bearing (vector
direction). Accelera@ma&&m@@e&wm&nw&%&u@mﬂm«mmﬁ thetimesate of change of the
velocity. Both velocity angd aceglgtationag-oiained.thiapgh veckonaralysiss which is the
mathematical determingdiouoh aMeciohsRiepeiigsanaiabhehayialis Lo 111] Vector analysis of
longitudinal subject datg:pastaningioanedicakaantiticR-candbewseddsxrderstand the medical
condition and statisticailydetaimine a:tisereie. el nicak euitcayae s{06dl 2 jkesexample, the normal
condition for the indiviciuad; 0ad3 besalase seglby-plotingrRiomarergdatasterithedrdividual. The stable,
normal condition will be-eslesatet-imionaiportian-ebtbegraghr{8etdaen Fhetormal condition may be
disturbed by the admintstneitiermefia HbiHh & rriaceditiebhones elrenge firemedieak condition. Under the
effect of the administeredrphtrriiateebid o »threcifid Widearstmet fiat conditibrdwittbecome unstable and
move (tins. its original gesitorritrtiergbaphi tea new position in the graph. When the administration of
a pharmaceutical is'stojiad: epitkrb-etiiacf Brite hazicniies S ireifititual's normal condition
may be disturbed agairf R ottt iEsRr B i fifoy E B rme FBfifar €6¥tition in the graph. When
the 20 administration of &gl Ffaceutical is stopped, or the effect of the phannaceutical ends, the
individual's normal con&ﬂ%ﬁ&?ﬁ?&?@fbﬁ%‘ﬁ?ﬁ ‘fﬁﬁl;ﬁb%fﬁ?ﬁﬁ fﬁ"ﬁ‘né“@‘%‘iﬁ%‘ﬁé’f’(ﬁfe the pharmaceutical

was administered or to 'S HEWOF ‘f‘ér’t‘i”é‘?‘j "’”‘é”i’f"é“r’?“fﬁa“t 13 e'f’éwt"f il ss““:anmary

e 1mca pytcome o w dent data i 15 tck)f é COFL

pre-pharmaceutical posﬁlongana” fie e secondary P arm c¢a°fff1 al-resuita osﬁlon [00114] In some

t bi K (10 After the d ta SEtS are class: ys:s 'or ?scrimmaa ra

InS ances, biomarker va yse%ugg as climcal (g.lsm\ég‘r r dation (}J:‘i c ms%ai (S)utginr:!}e Qgetegu%m Ing
each reference point or independent biomarker data point, 2 probability of classification into each
reference clinical outcome is assessed.

30 [00190] When data from an individual subject iz obtained corresponding to at least one hiomarker,
the data iy input into the mathematical model and its geometrical position within the probabitity
space is determined. A distance metric is then used to delermine the position of the subject data with,
reference to each clinical outcome. In a preferred embodiment, the distance metric is the
Mahalanobis distance. For the subject data, the model obtains a distance metric corresponding to

35 each discrete clinical ontoome.
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25 (for example, a lab test) may miss large changes in the values. In an example, sepsis can occur
very quickly when a patient is using a pharmaceutical or is a member of a pharmaceutical clinical trial.
Many times, early clues as to the medical condition of the patient are not EICCR because current
testing procedures do not occur rapidly enough. Also current testing procedures are inflexible within a
short period of time, soil a patient needs to be tested for a different biomarker value or 30 physiological
parameter within a short period of times (for example, 4 hours), it is often not possible to receive test
results. 100115/large changes in biomarker 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 overwhelmed by a massive change (for example, greater than 1000-fold) in a biomarker value. If
a dilution is repeated to obtain the proper range, in many instances 24 hours may have elapsed before
-16- the results of the assays are obtained. As described, a system or method herein can report
results in near real-timB"&hitsit %h@r@fﬁ?@%éﬁfﬁﬁf“ﬁ@@&?ﬁ%@?ﬁ%%ﬂ d*change the course of
medical action as necé%&?ﬁfﬁﬂ’fﬁ“fﬁbﬁ’b‘fﬁﬁ‘}’ﬁ‘f%‘? Fehaeer b ral=Est B iBle, when an increase of
an snalyte between as%’ﬁ?pi’ﬁdéf‘é%@?ﬂy’?f'd@%d“ pLoj0S (o] [s Y %Oﬁ“fé‘i“d“"i‘ﬁff@”’fo?ay *0,000-fold, or even
5more, it can mcrease?ﬁné“tﬁﬁluffﬁﬁr A POREET SRS T s °ﬂh°i; O %"ﬁ{aélg 100, 200, 500, 1000,
10,000-fold or highér) ﬁ1°m°815ﬁmon %Sgﬁe’ mmme “e';(m mcr:;f(xngmm eas q}rement of the analyte. 1001161In

an aspect herein, a mc%h% cﬁ'f" Qbeltorl ?Jegl)&ﬁD evelopme I31%((); q)% ¢t cases: measuring at least
two parameters selected from ergrqu%o wwx Q&Bﬁﬂ% re.ek §@§M&gct (2) protein C
concentration of said su L‘Q)‘d&r}};&g@“@&Qgglc&,ggf%&centratlon of said subject, 10 multiple times to
yield a trend of te”\QerﬁsHﬁ?ﬁ%&EQM&nﬁﬁﬁﬁl@néﬁﬂ@kMﬁa@%é’#ﬁ%@d&?o&é%ﬁﬁ@se beyond normal
body temperature, a dggLeASa PN GEQRECRILAHRMN AN HOLAD: RGESBSE4 L L-6 concentration is
indicative of the developmeRkQtseRsiE-iRsaitksubipaindaRciaaRRpIARIRG ollowed by an
increase of IL-6 can besipdicativg f the.develapmentaf sepsisdasaicksubieetdecrease in protein C
followed by an increase phikk-fapeian peteased eyenecnesmay bocktkd tempesature can be indicative
of the developmentof sepsissial gaiel swdjact. In some instances, an at least about 10-fold, 100-fold,
200-fold, 500-fold, 100@efeholysj<8s000-fold, 500,000-fold or more increase in 1L-6 concentration in said
subject is indicative of thegevelcpmentohsepsis ihsdchtelyjestotbarkdethesimdgtance, an at least
about 10-fold, 100-foldM2@@ifchdbSE0-feibh 1OGEsfirn! o Arortugetréastidrpraten C concentration in
said subject is indicativeitfithe defielygmentefseprsiit®or saith sy éot 00171 1n an example, when
no significant eventis dteeriy rrarpitietiviciowitgleremstiecspy’ diheie s#f@ measurement
frequency of an analyté ‘B8 i5e et cfdee ™ frr'sBhie TrSta s Meish st EarrSrompt appropriate action
by a uses-based on pritFEEHNE TOTEE ST Lo AN LB e HIBLADEYS And systems described

herein allow for the momtxsmd Waiiy spaced, In fact, the time parameter can be a random variable itseff.
[60106]In some embodiments, the time series of obtaining subject data is at least 6, 24, 48, 72, or 96

25 hours. In other embeodiments, the time series can be at least 7, 36, 60, 90, 180, or more days. The
time series can also be over a series of years,
{06107} The longituding! data provides valuable insight into the progression of & medical condition
or treatment, However, as the naumber of tested items increases, the complexity of analyzing the
{ongitudinal data increascs. It can become very difficult to understand or determine relevart data

30 about a medical condition or treatment.
{86108] The longitudinal data ncquired from a subject can be grouped into a vector or a trajectory to
assess a medical condition. A vector is defined geometrically as an arrow where the tail is the initial
point and the head is the tenminal point. A vector'’s components can relate to a geographical
coordinate system, such as longilude and falitude, Navigation, by way of specific example, uses

35 wvectors extensively 1o locatle objects and to defermine the direction of movement of aitcrafi and

watercraft,



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 by longitudinally
sampling blood. From these samples a profile of key circulating biornarkers can be established.
Specific biornarkers 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 point (T =0to 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 aﬁ"d"i’}&% ?‘H"é&"“sﬁ?fﬁd“ﬁﬁe b&bg‘ 5%‘@%% c"ftf’uc‘éﬁ1 tfome. The speed and

have stimulated cs vl

acceleration of the movemen of“fhe Medical ICaQ ?9: [ |nn |r]m1 e gr g) qlac\éa sosbe > diagnostic. Also the

hons of non ey

position of the |nd|V|du°bfs con litjon at an en ent tlmeogomt mgy y itself be diagnostic. 5

Drees suc as fhc mn,

[00121/Given that the wec‘ﬁor} ﬁnd’ or speed of the movement of the normal condition in the graph is

diagnostic, one can us&he\, irection andjor. speed of the initial.moyement, effg.normal condition to
predict the consequent, hew location o ihe, normal.condition; especially.ijtis gsiablished that, under
the effect of a certain aggL (ol £XAMRlE.aRRAIHASEUIGA. RELE: AL ARlY.a&8HaIN nUmber of
locations in the graph af Wwhich:annaividual spapmatcandiianll stabilize. 10[00122jHowever, in
some aspects of thg inkaiiaR.J0thdiaghesis.aprdq raictipn ol-assessngdhaanedical condition of a
subject are performed Qyfialifiedianatical.persaanakand the-mathematisgal model provides an
educational tool and regauee 408l 23lkig..Sdthisiraies am cxeraplaryaathod-efithe invention for
applying a mathematical.madabiang itucias y-in seal-tinme. Relevant plomatkesshand discrete clinical
outcomes correspondimgiinsidiHens rirbionsgskedy pattessiatepredetenmined from historical data Data
is then obtained from asubjestiandiihe idataComespondinefito cachetevaint biomarlcer is measured.
Data is preferably obtasred-fror dhielisiisiect-esmiia Pomt-ohedierticroffaitieideyice, however, it can
be obtained in any mannrr iEzchrtrredhestdatatssohtihreks sidisrtived aretricifdisexample,
Maludanobis distance)sigrehfetiafetrifrbatsicbrentti-sthnotasisealiedaamiraeluster analysis of the
historical data. The 20¢#itottie reptsdptbreraistirerefriidroutcsifedadtermined from the historical
data. 1001241As fdflovifrig e tGraragrrhE ety 6° 15T st Tt st Ata set through time, the
probability of the data BETBFRyIAY b S4ER R fEar SUesire e e &gttt he probability is calculated
from the distance metrf& &Y §T§ﬁﬂfbﬁf$&fﬂf§ﬂéﬁ“ﬁr‘8%‘ﬁﬂ'ﬁés%ﬁ 52 %"H%yesian estimate. Based
on the set of calcuIated'??ﬂﬁmﬁ?ﬁﬁ’é?“fﬁ@"m“ fton ““f’"d“ayc"ﬁ“ﬁ"rﬁe’ oin 6’1‘%15 ect data is assigned to the
25probability space, THE LRSS r‘é"b"‘e“ﬁ‘t‘é‘ﬂesfg'r‘ce °h€ﬁ’rﬁ% Sint 1 B‘T 'ﬁajectory or vector is
then created by linking ao@%?’:"’eh?lﬁ’u“ oir %"«'s“’ﬁ"h"eé“"jgjé’iah"cé“ ms 513 ed “and acceleration of the
vector can be calculateﬁ an cplo’ﬁqﬁi@({:‘is ay o m(‘en\gfehe i t e user or example physician), deems
the data to be of S|gn|f|%$aunt |m£or ance mﬁ ‘ seelgumaxoactlya mﬁ an a rpm%yxvgrnmlg system and
accordingly change the qprprse e fm&!i')q Pﬂggﬂ}reﬂgtmg&g@@m&m@&g&m‘@ed|caI condition. After a

course of action hasg, bepe;amﬁ,gmmmﬂ%ﬁ Assesaing.be-medical condiigp.afia subject can be
repeated to continue toJpeniter,the trajectory of the subject. [001261 Fig. 7 illustrates an exemplary

method of the inventiongekdeyeloping.an.alamm, or eariaring.sysiemfar auupon assessing the
medical condition of a supjeGt-lhedaieciom atadnadicab canditign.af.subiest.and the information
corresponding to the trajecianyidiane»ampia:, \eRefak Gkition ranges that extend o tange can also be

35  overwheltned by a massive change (for example, greater than 1000-fold) in 4 biomarker value If a
ditution is repeated to obtain the proper tange, in many instances 24 hours may have elapsed before
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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 biomarker patterns fwin an individual subject.
[00127]71ns method allows each individual user to define the value and set of criteria as they see fit,
5according to the individual user's priorities. It is understood that each user or physician may view
each medical condition differently and the example method of Fig. 7 accounts for these differences.
[0012%) An exemplary method of the invention assigns progress lines to each discrete clinical
outcome. The progress lines may represent different clinical criteria for the medical condition a subject
passes over. Preferably, the progress lines are positioned and determined by an individual 10 user,
such as medical personnel. The user may assign different locations of the progress lines based upon
the subject history, historical data of the medical condition, or personal experience. An example of a
probability space with fstesieRsmmeristrategs pioress e rSinisHARe e B 8. For example, if the
trajectory of a subject gﬁ%@‘ﬂﬁfﬁﬁ?ﬁﬂ@ﬁﬁﬁﬁ”ﬁrﬁ@?@%?ﬂﬁfé@ﬂﬁ%@ﬂ%?&m “hn alarm or warning
system may be actlvaté’ﬂ“‘tf‘fW?ﬁé‘ﬂi?&‘?ﬁ?‘fﬁ‘é@ﬂ‘b‘]ﬂ&”@‘fﬁﬁ? GLBiETEStilts 15include, but are not
limited to, a system prﬁfBﬁl"B’Fﬂf?%‘@ﬁaﬁéﬁy ?tfa"]dezloﬁfé’é'rs?%fedface Jolt sqggxwggﬁgodnformatlon a flashing

dilution level used for cm:x 1e (for ex

light, an alert systerh, A atsi: mfouzzer an email, one c unicafion, and a pager system.

ition to chan; of m

The alarm system not or’1°f)D assef’éés fﬁde ectgodrgmm ecﬁﬁ%a ongltlgr}aib éméubs@ct but may also guide a

DT WG SEPSIs evel

course of action for the us rIgﬁ < a!amgerssel(gc : pg%reo%;pg yg%@g@g{ﬁg@,}gf the trajectory
activated. The user &a@n& lp%@,ﬂs@rmm%mgé&mm&mcg@n for assessingthe medical condition of
the subject. 10013011@yg,@ngmp,9g|tgp@gmf thelRventinn.cnadicalpersannelaf the subject can be
notified of a need for taking.a-medical. action.afiek assessing.at.cRakaciakizegdhe position of the
subject data in a probaRility:sRacek yamples afawatilicationdnaludeiandalgt system, an alarm, a
buzzer, an email, a 25 iglephgReomridRication: and apageisysiem=Hd431) Medical personnel may
take medical actionwhemdhatiiad:bydhe methedsof theimmeniiga: thatthemmedieal condition of a
subject has violated a nelesinapese chipyithe-me dical persen ek fide diceb-astionncludes, but is not
limited to, ordering more-testsigersicimediontie-patidntaftbring-therdbseigesef an administered
therapeutic agent, administeriigre Hyerapetitie agentidririniaiihlyidiec-38ddhikistration of a therapeutic
agent, combining therapies=adninistefingantal teriathive therdipy! plachnythe. sebject on a dialysis or
heart and lung macHines sesrebisgiministering a pain killer. In some embodiments, the subject may take
medical action. For exapfisTi s ehafretice Sty e its S irdd e s fimedi  100132) After a
medical action has beefak&p G Hag eurctH a4 o TtEshit IR EITERE BBt 35performed for
characterizing a result &f fREPSBIBRIETEEHGH TS SUTEDHE analysis can lead to

{06318} In some instances, the methods and systems described herein sllow for the monitoring of the

25  health status or medical conditicn 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 onsel of untoward side effects upon exposure to a drug can be monitored by longitudinally
sampling blood. From these samples a profile of key chrculating biomarkers can be established.
Specific biomarkers can be selected based on, for example without limitation: knowledge of the

30  disease process and its molecular pathophysiotogy, the mechanism of action of a given compound,
and its observed effects profiles.
|00119} Representation of & similar movement of longitudinal data to that previousty described is
illustrated in Fig. 5. At each time point (T =0 to T = %), the data point is plofted 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 moverent of
the individual's medical condition in a probability space. The direction {for example, the angle
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automatically updating the probability of the discrete clinical =come of the subject. [001331 Any
clinical outcome, result, or action related to a particular medical condition may be utilized as a discrete
clinical outcome. For example, discrete clinical outcomes may be generic, such as responder,
non-responder, partial responder, and septic, or they be more specific such as adverse drug reactions.
In addition, discrete clinical outcomes may be sequel's, or downstream clinically Srelevant events or
results. Subject data can be obtained for any pharmacological, pathophysiological or
pathopsychological clinical outcome. The subject data may be obtained during a first time period
before an intervention is administered to the patient, and also during a second, or more, time period(s)
after the intervention is administered to the patient. The intervention may comprise a drug(s) and/or a
placebo. The intervention may be suspected to have a propensity to affect the 10heightened risk of the
onset of the specific medical condition. The intervention may be suspected of having a propensity to
decrease the heightened risk of the onset of the specific medical condition. The _Sspecific medical
condition may be an uf&MEEGIE B oA Y hiaE ST EEADHEE éaamlnlstermg a drug, and
wherein the drug has &pt 8?’1§i’?§°féaﬁ%?’é“§§§°fﬁ% PR S s”m}f"c mea?caff"go‘gdltlon the specific
medical condition may“ﬁf@“‘é gyssrY dhgehacr s %Vieﬁlcaf’ r;idltlons include, but are not
sm oondm at an mdepert tume it may iise
limited to, pharmacolo c t'ﬁd“iogxc ﬁb SIO ogjcal an cbmrog&a%)cgndlthons For example,
abnormality, affliction, dlment anoma marmet A cgegst%kdl§a§ase disorder. illngss, indisposition,

£, Ot} THOVCH

infirmity, malady, problent'or, Slcﬁneslsﬁ.,%mmmqgmgﬂm&o; V8, medigal,gendition for example,
fertility, pregnancy and rgtgrd&@mg%%;@&rmg]g Ratier.hal -aResificamedical conditions
include, but are not Ilmgp%g!rbgsm%gggg@ggrﬂw&gggg@m%ﬂrg@ﬁmuctlve disorders, cardiovascular
disorders, autoiminyneisaders . Rlammaley-Aisar dars.cansessahaciesial-gnd viral infections,
diabetes, arthritis and eagacHRE.AiSMAGLS YRR isaasasHaGdR Bukaiaaatlimited to, lupus,
rheumatoid arthritis, endempeiosisumliple.aciarasis, stroke, Alzheimer's disease, Parkinson's
diseases, Huntington's disgaseuRtindisaasesnamyotepbie-laterak salerasitnthl S), ischaernias,
atherosclerosis, risk of myracakciakinfarciian phypesension 2bpulmenar-Aypartension, congestive
heart failure, thromboses:diabetesaallitssdpesdien dskbiding. oanoes Bresast-cancer, colon cancer,
prostate cancer, ovariafbgaaces panereatc-cancerriramedneer-stlidsttrfrdts, melanoma, disorders
of lipid metabolism, }UWAHDE» hepadtitisrd netodhogr iephidtd deaceBrerrd iCnta g disease, aberrant
aging, and any other disesserGretiicovdds: OS5} oRealv ikl B0 1381 Biological markers,
also referred to herein asbsimarice rsedesidihie e presentiniiehtairiftadte without limitation
drugs, prodrugs, pRarnfaeehtesratidive dii Hretaione HnhdFrieydsuch as expressed proteins
and cell markers, antib8ffdkss SErtitp fotamsm il eStErdirPoRs e ehirmgee rticleic acids, biological
analytes, biomarker, gerE> it St fEaGr RErIGTR B MY B ST B e Eor, ¢ olecular level, the
biornarkers can be poIfﬁ‘ébT*H’@"“@'fV@b‘ﬁ?éfé‘ﬁi“‘?%TﬁB‘N@ﬁ&“ﬁ‘gﬁﬁ@"Tl‘F‘??f”ﬁhéTé‘f & B "8 and a combination
thereof. -20- [00137101‘“;5‘5??1&?1‘5?“1%@?@%%“‘5”%’?6‘ fcihims e atanpieeta sl B, - disease or with
a specific disease stagl ‘§"u6h"13|ornar72£ea?‘§"|"rff:‘1u de] [if“c PHot limited to, those associated with

I ector is then creat fjacent time points.
autoimmune dlseases (9133 I'[ Qertenslo |abetq’sbaﬂs e(p dat)ogla 91 uscular degeneratlve

pecelerat:on 0 e vecior /Y OF Ie
diseases, cardiac dlseaﬂ§es gpmg‘%clpewégo % daa}gxtg ttlons the&eof 5@00138] Also of interest
are biomarkers that are present in varying abundance | %sm X il

30 monitoring the medical condition. After a course of action has been adjuated, the steps assessing the
medical condition of a subject can be repeated to continue to monitor the trajectory of the subject.
[00126] Fig. 7 iilusirates 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 & medicat
condition of subject and the information corresponding to the trajectory (for example, speed or

35 acceleration) is obfained through & method of multivariate statistical calculations, such ag the
method lusirated in Fig, 6. ¥n order to analyze the information obtained from the mathematical



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 different types of
cancer (malignant or non-metastatic), autoimmune die-sores, inflammatory-or degenerative diseases.
(00139] Also of interest are analytes that are indicative of a microorganism. Exemplary
somicroorganisms include but are not limited to bacterium, virus, fungus and protozoa. Other
biomarkers obtained from a subject also include blood-born pathogens selected from a non-limiting
group that consists of Staphylococcus epidennidis, Escherichia coil, methicillin-resistant
Staphylococcus aureus (KARA), Staphylococcus aura us, Staphylococcus hominis, Enterococcus
faecalis, Pseudomonas aeruginoso, Staphylococcus capitis, Staphylococcus wameti, Klebsiella 15
pneumoniae, Haemophilus influnme, Staphylococcus simulans, Streptococcus pneumoniae and
Candida albicans. [00140) Biomarkers also encompass a variety of sexually transmitted diseases
selected from the following: gonorrhea (Neisseria gorrhoeae), syphilis (Treponena palllduns), clamydia
(Clamyekt macomitis), Friigetittoetalrreth i totespradm areailheim)~yessttinfection (Cantlida
&breams), 20 chancmitt (s BRI Joe e N = HERs i OTIREE PR ABHSHYEWaginalis), genital herpes
(RSV type | & Il), HIV IPBfV [land hepatitis A. B. C, Gdeas well as he atitis ('\k/lvaleg by Try. [00141]
Biomarkers encompas®% UNverEy &) ‘?sec?hffg‘f‘o e f"“h‘sfafﬁ“f'ﬁs Aa But not imited to Pseudomonas

to the § § priotiti 13 un e:s%

aeruginosa, methiciflin feSIant § c(r)e%)ccdehlés au[eléﬁ |\4 Rﬁiﬁmgqgalellﬁrgmeumomae Haemophilis

influenzae, StaphlococgiEAUIel, %th{gpm monas Mallopia.cekiasmaphils parainfluenzae,
Escherichia colt, Enterogocc%se?gecq IS, Serrali Mrgﬁﬁg%H@gmggmnggrahaemolytlcus
Enterococcus cloacae, Qa[“%’s'scs%v% Q&%ﬁs’gh@m Igla.CAALRlR IS PIPEQGGHS Pneumoniae,
Citmbacter freundii, EnferoGoceUs faasMJslehsalla MammadRsexdamanasiuerscens, Neiseria
meningitidis, StreptocoggUs R¥AOGHE SiRRLHMPeEYSUS.CHdR Klehsellapneumoniae Legionella
pneumophila, Afycoplagmig. gnaniae. anddicakaatepitm.3Qtuhpnsidasis. 80142] Listed below axe
additional exemplary maskersReserding dedhg.prasamnt.inyeaiannd neephyline ~CRP, CKMB, PSA,
Myoglobin, CAI25, Progestesang sixBzy G-kete: By halphamangkd beophyitiaeysEstradiol , Lutenizing
hormone, High sensitiviiyu& R Teiglye eridesy kaypiasendicngonsitydpe protemCholesterol, High
density lipoprotein Cholesiers]; fehelesteiaks KsknRn 2k » b 14 S)Exempiary liver markers include,
without limitation, Arginasedigliventype) saipliadetopretem (iR)Alkalimenpldsphatase, Alanine
aminonansferase (ALTjligetate sy rogen agie (i FreRnbidirr€, and Bilimbin. 100144) Exemplary
kidney markers includeltifiGist fimvitadionF MiFg-Recd ptor=Cystatire CpShiipmbeslin-type urinary
prostaglandin D, syfithadtamse<{bPESRS)Repatoryrrtpovrtride tarreceptsPiycystin 2, Polycystin 1,
Fibrocystin, Uromodulidetaiattieaminopisisi dase N teetil Briigtattisaifninidase, Albumin, and
Retinol-binding protein PREPy™ ot EXEH i PHELFETRRErS e Rrie WRHOU limitation Troponin |

(r| d) Tropo ninT (TnT) need for taking a medical action after assessing or characterizing the position of the subject data ina

prabebility space. Examples of a notification include an alert systemn, an alarin, a buzzer, an email, a

25 telephone communication, and a pager system,
[00131} Medical personnel may take medical action when notified by the metbods of the invention
that the medica! condition of & subject has violated a rule imposed by the medical personnel.
Medical action includes, bat 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

30 administration of # thetapeuatic agent, combining therapies, administering an alternative therapy,
placing the subject on a dialysis or heart and lung machine, and administering a pain killer. In some
embodiments, the subject may take medical action. For example, a diabetic subject may adminisier a
dose of insulin.
[06132] After 5 medical action has been taken or has been chosen, an outcome analysis can be

15 performed for chamacterizing a result of the selected action, The outcome analysis ean lead to
automatically updating the probability of the discrete clinieal outcome of the subject.



CK, CKMB, Myoglobin, Fatty acid binding protein (FARP), CRP, D-dinter, 8-100 protein, RN?, 10
NT-proBNP, PAPP-A, Myeloperoxidase (MPO), Glycogen phosphorylase isoenzyme BB ((WEB),
Thrombin Activatable Fibrinolysis Inhibitor (TAN), Fibrinogen, Ischernia modified albumin (IMA),
CardiotrophM-1, and MLC-I (Myosin Light Chain-D. 100146) Exemplary pancreatric markers include
without limitation Insulin, Amylase, PancreatitisAssocoated protein (PAP-I), and Regeneratein proteins
(REG). 15[001471Exemplary muscle tissue markers include without limitation Myostatirt 100148)
Exemplary blood markers include without limitation Erythopoeitin (EPO). 1001491 Exemplary bone
markers include without limitation, Cross-linked N-telopeptides of bone type | collagen (NTXx)
Carboxytenninal cross-linking telopeptide of bone collagen, Lysyl-pyridinoline (deoxypyridinolinc),
20Pyridinoline, Tartrate-resistant acid phosphatase, Procollagen type IC propeptide, Procoltagen type
IN propeptide, Osteocalcin (bone Oa-protein), Alkaline phosphates; Cathepsin K, COMP (Cartillage
Oligimcric Matrix Protein), Osteocrin  Osteoprotegerin (OPG), RANKL, sSRANK ,TRAP 5 (TRACP 5),
Osteoblast Specific Fa@‘l&?‘Pfﬁ’gﬁflﬁmﬁléifﬁf?d’éﬁ?ﬁ)f“gﬁ]tﬁb%“ﬁ%ﬁ“éa‘(liﬁle"%"l%‘ﬁ“rﬁmﬁl‘,’eecules, STIR, sCD4,
SCDS, sel)44, and OstEB et e BEdME PR ttSr P IOSES B RcEtH a”f@;ﬁieg(ﬂfc?n some embodiments
markers according to tﬁé‘gb?ég‘é‘r’?f‘“fﬁﬁ’/‘@@agﬁl ?a:frpé”;‘cjffiéa%cpé’c’sﬁeséiﬁ:?fg Qewﬁjp;fféﬁn%ﬁéer markers include
without imitation PSA (88 Bosete sactific aniden]. Creaine) BTostalc seid phosphates; PSA
complexes, Prostrafe-specificaéne-T, €A 138 Carcmoembryenic Anfigen. (GEA), Alpha feto protein
(AFP) hCG (Human chofiofie, 36 donadotiopin). [nAibinAGQUaHEN &1824. CA 27.29, CA 153,
CAA Breast C1924, 1-ler:2, RaCrealiG, G Ah9 9 CRAIGHASMBLQNIG APUGaR, .CAA pancreatic,
Neuron-specific enolasg, ARGOSiAI mReR3(RAPlE desRYFecRpal Bhrkndostatin, Ep-CAM (MK-I),
Free Immunoglobulin Light,GhainKapprafies.maiumglabulinkight hakd.ambda, Herstatin,
Chromognmin A, Adreperpediilin, SelRieasnikniderad Growil fastorsecepian Epidermal growth
factor receptor-TyrosingJgidasesRiQnasdepenesuliai e al20peptideyMascular endothelial
growth factor, Vasculacengeiielial giewih laciqrsacopior, Sters celkfantosdmeeptor, c-kittKDR, KDR,
and Midldne. [00151] Exaa plaiy) niestiousidisease made@rsineludemwithout limitation Viretnia,
Baeteretnia, Sepsis; PhiiastasejiRiidastestbalRicomplebei-S8urteieteait Protein D (SP-D), I1IBVe
antigen, 5SHE1Vs antigessicheiti- By doidbintrefiidsFosapmisssormes) dfitigerimatesibdntigen ratio, T-helper
cell antigen, Anti-LICV aPyrogerissqr2goaatitpen iiurbm pieth egtiteioo TS pex@mplary diabetes
markers include withoutsiritdtionCrdstidditdngiomimeancatetr Ui Advanced
glycosylation end proderets-{atitsy: Siantidregioerdicastie ibronebeiyiEptide, Insulin,
Glucose, HemogloBin, ERGPPrRa<His -t OfootSST ERETh SR ATt #i&rkers include without
limitation Rheumatoid fEEHST (REY, “FHHEF NEEFEERS fatrsr AT Al ATHIEISAY Antibody (ANA),
C-reactive protein (CRPY=EIAFHCErPHOEH (URTSIBIIN ) 100 T5A EXe MBRAR/ AMf&rgy markers include
without limitation Total Igﬁ éﬁ*ﬁ"@ﬁ?ﬁ:ﬁcpﬂg om's discases, Huntingfon's disease, Prion diseases, amyétrophic

eral sclerosis (ALS), ischaeriiias, 'athcrosclemsis, rigk of myocardial infarction, hypertension,

25  pulmonary hypertension, congestive heart failure, thromboses, disbotes mellitus types Lor 10, Jung
cancer, breast cancer, colon cancer, prostate cancer, ovarian cancer, pancreatic cancer, brain cancer,
solid fumors, melanoma, disorders of lipid metabolism, HIV/AIDS, hepatitis, including hepatitis A,
B and C, thyroid disease, sberrant aging, and any other dissase or disorder.
[00135] Biological Markers

30 [60136} Biclogical markers, also referred to herein as biomarkers, according to the present invention
include without limitation drugs, prodrugs, pharmaceutical agents, drug metabolites, biomarkers
such as cxpressed proteins and cell markers, antibodies, serum proteins, cholesterol,
polysaccharides, nucleic acids, biological analytes, biomarker, gene, protein, of hormone, or any
combination thereof. At a molecular level, the biomarkers can be polypeptide, glyooprolein,

35 polysaccharide, lipid, nucleic acid, and a combination thereof.

20



[00155]Exemplary autism matters include without limitation Ceruloplasmin, Metalotbioneine, 15Zinc,
Copper, 86,812, Glutatbione, Alkaline phosphatase, and Activation of apo-alkaline phosphates.
[00156j Exemplary coagulation disorders markers include without limitation b-Thromboglobulin,
Platelet factor 4, Von Willebrand factor. [00157]In some embodiments a marker may be therapy
specific. COX inhibitors include without 20limitation Tx132 (Con-]), 6-keto-PGF-1 -alpha (Cox 2),
11-Dehydro-Tx13-la (Cox-1). [00158] Other markers of the present include without limitation Leona,
Leptin receptor, and Procalcitonin, Brain 5100 protein, Substance P, 8-Iso-PGF-2a. [00159]Exemplary
geriatric markers include without limitation, Neuron-specific enclose, GFAP, and 51008.
25[00160]Exemplary markers of nutritional status include without limitation Prealbumin, Albumin,
Retinol-binding protein (REP), Transferrin, Acylation-Stimulating Protein (ASP), Adiponeetin,
Agouti-Related Protein (AgRP), Angiopoietimlike Protein 4 (ANGPTL4, FIAF), C-peptide, AFABP
(Adipocyte Fatty Acid Binding Protein, FABP4 AcyIation-Stim,uIat‘iﬁng Protein b(c,%SP), EFABP
(Epidermal Fatty Acid ﬁ?ﬁﬁﬁ%nﬁ?ﬁ&‘ﬁ?ﬂ@ e hR G lieagon, Glicagon-Like Peptide-I,
Olucagon-Like Peptide® N Ietii Eg&?ﬁfcfééﬁﬁdﬁem@mstm? Y§ ELMs, Resistin, amd sTfR
. disenses, Obest on,.dia SUFOnA; T DLLSC afpilggqn rative dideases, cardiac
(soluble Transferrin Reﬁ%ﬁ,‘%ﬂﬁm ] E%(,go 1 mL(% mtgorz(ers of
limitation Apo-"popgot%mggﬁgma ARe-Al ARQ-B AR9: R, AR 1004621 Fxemplary coagulation

]
E:Li

or
pid metabolism include without

status markers include, witholit lnitafian Eactor ElRReYSDnaak AIOLILLEEQ Eambin, Factor I
Tissue factor, Factor IV; Galcium, Eactgr. V., RIQReeelerN. fsastar. V. &astar Wik Pmconvertin, Factor
vm, Anti-hemolytic factQr, Facior X RSN afac0 liERGRkXios aptRiquaLtactor, Factor XI:
Plasma thromboplastinghRipeedentFaciaktl Hiaganan facas.mastapXdll: Fibrin-stabilizing factor,
Prekallikrein, High-molggulataueight-kininoosn. Risein. GrE ratainemdeoclimer, Tissue plasminogen
activator, Plasminogen,;azzantinlasmins.iasninagendast yatqeminnibitess (k.5 1001631 Exemplary
monoclonal antibodies jaglidethosadonmatdi EMBR:an0k lGEdRoRd64 1 Exemplary tyrosine
kinase inhibitors includgapsiiheut dimitation Splokit D6 FrnBreqxBrpBR B4, EGFR, EphB,
VEGF1t1-4, PDGFRD, fekd P PH@asdbetnTiedd (i etk Fropmd0 Gre3t Examplary
Serine/Threoline Kinasg<lahidtoesansiudevithout drmtanidns SéTocunaraponiae and
Candida albicans.
100140} Biomarkers also encompass a variety of sexually transmitted diseases selected from the
following: gonorrhea (Neisseria gorrhueae), syphilis (Treponena paliidum), clamydia {Clamyda
racomitis), nongonococcal urethritis (Ureaplasm wrealyticum), yeast infection (Candida albicans),
20 chancroid (Haemophilus ducreyi), trichomoniasis { Trichemonas vaginalis), genital herpes (HSV
type I & H), HIV I, HIV I} and hepatitis A, B, C, G, as well as hepatitis caused by TTV.
[80141} Biomarkers encompass a diversity of respiratory pathogens including but not Hmited to
Pseudomonas aeruginosa, methicillin-resistant Staphlococceus aureus (MSRA), Klebsiella
prewmoniae, Haemophilis influenzae, Staphlococcus aureus, Stenotrophomonas maltophilic,
25  Haemophilis parainfluenzae, Escherichin coli, Enterococcus faecalis, Serratia marcescens,
Haemophilis pavahaemolyticus, Enterccoceus cloacae, Candida aibicans, Moraxiella catarrhalis,
Streptococcus pneumoniae, Citrobacter freundii, Enterococews faecium, Klebselia oxyroca,
Psewdomonas fluorscens, Neiseria meningitidis, Streptococcus pyogenes, Pneumocystis carini,
Klebsella pneumoniae Legionella pnesimophila, Mycoplasma preumoriae, and Myeobacterium
30 tuberculosis.
{00142] Listed below are additional exemplary markers acconding to the present invention:
Theophylline, CRP, CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2, 6-keto-PGF-1-alpha,
and Theophylline, Fstradiol , Latenizing hormone, High sensitivity CRP, Triglyeerides, Tryptase,
Low density lipoprotein Cholesterc], High density lipoprotein Cholesterol, Cholesterol, IGFR.

-



10 A/B/13, CDK, CDK (pan), CDK1-2, VEGFR2, PDGFRb, CDK4/6, MEK.1-2, mTOR, and PKC-beta.
(00166102CR targets include without limitation Histamine Receptors, Serotonin Receptors,
Angiotensin Receptors, Adrenorec,eptors, Musearinie Acetylcholine Receptors, CmR11 Receptors,
Dopamine Receptors, Prostaglandin Receptors, and ADP Receptors. [001671In a separate
embodiment, a method herein utilizes phammcological parameters useful for 15assessing efficacy
and/or toxicity of a therapeutic agent and the agent's affect on a medical condition. For the purposes of
this invention, a "therapeutic agent" is intended to include any substances that have therapeutic utility
and/or potential. Such substances include but are not limited to biological or chemical compounds
such as simple or complex organic or inorganic molecules, peptides, proteins (for example, antibodies)
or a polynucicotides (for example, anti-sense). A vast 20 array of compounds can be synthesized, for
example, polymers, such as polypeptides and polynucleotides, and synthetic organic compounds
based on various core structures, and these are also included in the term "therapeutic agent". In
addition, various natur&PsyEiceecanpreviteesipITE FeEidEmy: $88h as plant or animal
extracts, and the like. FrgrsdBeAHErorerster, HAtHoTGH AYER0E) S BRpI&HESSed that the agent is
used alone or in comblRtdH @it RAGHEr 25agent, having the same or different biological activity as
the agents identified byP 8RR sErEaie TREY SRR Tt FASTRBUL ARG are intended to be
combined with othet tHér&HIEE: It .gﬁiﬁﬁ?ﬁ%ﬂgﬁ%ﬁfﬁiﬁﬁ%ﬁ"tﬁe&aﬁygﬁwg BOTBE111 is to be understood
that the exemplary metASEE" At ¢y &e s H’é’ég?ﬁﬁ%‘a‘%’é}?“rg;rﬂﬁg’ﬁq%”ﬁﬁp emented in various forms of

. glucosaminidase, in, and Retinol-binding profein . .
hardware, software, fifiifgiE, Shedal Biides DIdctasorsn or.a ARsambinalien thereol. Methods

herein can be implemeiied, i Sofware a5 an applicalion predtam.ianaply.emiodied on one or more
program storage deyicgs, the ARPICAIRNRIRIR, MRk Re.SXeeHeby.atdmaghine, device, or
platform comprising sujahle, AT hiIR GG tiss0. el rthes nderstoad dhatpacause some of the
systems and methods dgpictad,in.the Sigias arenrigferably implemented in software, the actual
connections between the sHSIER-SRHRRANSALS (9LIPeRReesS ma:Sieps), Ray.differ depending upon the
manner in which the preseatdpveniianjs-pragkampacs @iwen the teachings herein, one of ordinary
skill in the related ast wilhibgeableda.caniemplate.aspraciicadhesg-and similar implementations or
configurations of the presapiinRMertionmFe 140} Fige Svllustrates-shagprpcess flow of building the model
and system for assessinguthe-raedicakeonditionobaisijectsthecudjeetiaputs personal data into a
database. The same ok Goglifiepert database contains data from other subjects with a similar medical
condition. Data from thexsthemsubjestsieanrheihittoricakdatarfroldinguiilieorprrliere institutions. Data
from other subjects:maisraistrhErinterirad datdofrome reifcabstiityerf@eL7edFhersubject may input
data in a variety of ways! rorpiirepacvariety iyfdavicdsirmhresantpferapbivtof-care microfluidic device
may be used to acquiré“biBmi&ikerddusdre Poitof-care. The 10 data from the device may then be
communicated directly fromrigedeRAckAE a At a8E SR Hrbods = Aredhifititer or data entry system
may also input subject §&fz B4 rtinalse brisFOCRAEHT: R Tty 4. nd Ostecblast

25

Specific Factor 2 (OSF-2, Periostin).
100150} In some embodiments markers according to ihe present invention are disease specific.
Exemplary cancer markers include without imitation PSA (total prostate specific antigen),
Creatinine, Prostatic acid phosphatase, PSA complexes, Prostrate-specific gene-1, CA 12-5,
Carcinoembryonic Antigen (CEA), Alpha feto protein (AFP) , hCG ({luman chorionic
30 gopadotropin), Inhibin, CAA Ovarian C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Pancreatic, CA 19-9, Carcinoembryonic Antigen, CAA pancreatic, Neuron-specific enolase,
Angiostatin
DcR3 {Solable decoy receptor 3), Endostatin, Ep-CAM (MK.-1), Free ITmtnunoglobutin Light Chain
Kappa, Free Immunoglobulin Light Chain Lambda, Herstatin, Chromogranin A, Adrenomedullin,
35 Integrin, Epidermal growth factor receptor, Epldermal growth factor receptor-Tyrosine kinase, Pro-
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automatically obtained and input into a computer from another computer or data entry system. Another
method of inputting data to a database is using an input device such as a keyboard, touch screen,
trackball, or a mouse for directly entering data into a database. 15[00172] A database is developed for
a medical condition in which relevant clinical information is filtered or mined over a communication
network (for example, the Internet) from one or more data sources, such as a public remote database,
an internal remote database, and a local database. A public database can include online sources of
free clinical data for use by the general public, such as, for example, databases supplied by the US.
Department of Health and Human Services. For 20example, an internal database can be a private
internal database belonging to particular hospital, or a SMS (Shared Medical System) for providing
clinical data. A local database can comprise, for example, biomarker data relating to discrete clinical
outcome. The local database may include data from a clinical trial. It may also include clinical data
such as temperature and laboratory information, EKG results, blood test results, patient survey
responses, or other iteMiscfdripaiertslirrssd FoEstalor s thtermharHaspiaithonitoring system. The
database can also incl&fé Aistarfeat fetariite tata st CpIaraRy Yr'stibject members in relationship to
at least one biological H&HKEF 100 TS e rathB 488! °“é|§‘8“6“ Viﬁﬁ”b“lé?ﬁ%ﬁ‘féd on a variety of
commercially available®&UitASH ﬁ%ﬁ%\ ﬁ“@?d[’égfﬁ]"ﬁemﬁi té“é%(%g%]%}e ﬁ%Storage unit of a

medical information sy%?em TPE108EA tron m"d“?’%‘ ‘i’e AR BE fifterédand classified according to
specific cases or medlcaf EoRdition Pé’m&m PGroL e:d t 19 m Ses,and cene 'gho 15, For example, the
classification within the cfa’ﬁggmée may i fogllo s ”: Fi a :‘qu elrflﬁlgm ppge of diagnoses (ICD-9

sy end products ( Lcito
coding system). A med] gl cgr‘faﬁ'lon mrpuggﬁp mg{ gpgm mp&gm@p y5|cal state of a subject or a
disease that the su}aje%gsﬁg mgmgﬁgmmmg&dm@ggimmgmmgg{a stored in the database
may be selected from the cateaaries, ¢aesStint.of RAthIegY canatoRIY. ERAMANT option, treatment
outcome, pharmacologigal harsmetes pharmacolcinetics parameter, psychological parameter, and
genomic information_ Q44 &LRihigcl.AatasankRe.Sienat withmdnigeaddentifier for recognition by a
processor or a user. 5 jgianathasiep dhe-Huesssanaiuselanea Miichasaarch of stored data by
selecting at least one crifetipR:fer padiculat patisntdaia., Hedpaiticalarpatient data can then be
retrieved. (001781 Relatigrskips can be established between elements of the public databases, the
internal databases anduhssiutjestdatapiixplgi-relationships declarcrandogeosrd inferences made
based on information remealed: by eitsajestory or other available observations. 10[00179] Fig. 9
illustrates the flow of déasfromrasdatabasetkat-iricirdestat-datinhidn fidelsubject to a processor that
performs the mathematicatnietaGds deseibetkite eridl Ednsattiaprdbability space. The subject
data may also be inputtt¥&Fie ke ceissurs bt Httaty st et Erinrerdinthg to a discrete clinical
outcome that is stored Trigctiatabrast o oerrgtrapiddesshrtan perform calculating the probability
space. Once a probabilffyYFaeeneiis S preliardtriird-dameprecdssgrof 2 different processor can
plot biomarlcer data fraffi *Affindividual

[00160] Exemplary markers of nutritional status inciude without limitation Prealbumin, Albumin,
Retinol-binding protein (RBP), Transferrin, Acylation-Stimulating Protein (ASP), Adiponectin,
Agouti-Related Protein (AgRP), Angiopoietin-like Protein 4 (ANGPTLA, FIAF), C-peptide, AFABP
{Adipocyte Fatty Acid Binding Protein, FABP4)
Avcylation-Stimulating Protein (ASP), EFABP (Epidermal Fatty Acid Binding Protein, FABPS),

30 Ghicentin, Glucagen, Glucagon.Like Peptide-1, (lucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptor, FY'Y, RELMs, Resistin, amd sTfR (soluble Transferrin Receptor).

[00161} Exemplary markers of lipid metabolism include without limitation Apo-lipoproteins
{several), Apo-Al, Apo-B, Apo-C-CIE Ape-D, Apo-E.
[80162] Exemplary coagulation status markers include without limitation Factor I Fibrinogen,

15 Factor II: Prothrombin, Factor HII: Tissue factor, Factor IV: Calcium, Fagtor V: Proaccelerin, Factor
Vi, Factor VI Proconvertin, Factor VI, Anti-hemolytic factor, Factor [X: Christmas factor,
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subject within the probability space. The probability space map itself can be transmitted to an output,
such as a display monitor. The position of the subject data within the probability space may also be
transmitted to an output. The processor may have a means for receiving patient data directly from an
input device, a means of storing the subject data in a storage unit, and a means for 20 processing
data. The processor may also include a means for receiving instructions a user or a user interface.
The processor may have memory, such as random access memory, as is well known in the art. In one
embodiment, an output that is in communication with the processor is provided. 100181IA user
interface refers to graphical, textual, or auditory information presented to a user. User interface may
also refer to the control sequences used for controlling a program or device, such 25as keystrokes,
movements, or selections. [00182] A user interface may be a commercial software application for
displaying subject data and/or the position of the subject data in a probability space. The user interface
generally provides users with access to a task-specific set of functions to view and modify content. In
preferable embodimerftstoX thiarRvenion frieGesriiterataiey g:@t phiea ueEP iterface (GUI). In
some 30 embodiment&=& Eﬁﬁ‘s’fﬂlél‘ﬁ*ﬂ’b‘?‘bﬁéfﬁ’ﬂﬁ;}’@ﬁ’é‘iﬁ? IARATISRS 8ﬁ'§‘f5‘ﬂ§°¥&n be viewed using a GUI.
Also, the trajectory of SUlsfect et Bﬁ‘gfﬁSFféH‘WFﬁ‘fH‘émf)rB‘ﬁgﬁW?gﬁﬁtl"e Can be viewed using a GUI
The GUI may be displa§Bd6h “éf‘ﬁ“gﬁ’f’é{’“"h‘lgnl{br Other Osgépjknli;.%gc%%h@t may be utilized with the

methods of the invention Heloa¢ Wﬁu”f’cgfmel aﬁt(‘l)‘;f fﬁﬁeﬁ t mh Ie ,@és %mﬁh wehzhased interfaces, text
interfaces, sound mterf%{l’ces ﬁgfgh Int % @?F:ef%i eﬁlilg%ﬁrﬁg EIEN n embodiment of the

35invention, the user i r1‘ac%?c’czla(['r]:qu remote communlcate with the system [00183] By acquiring data

from a subject at multiple Qoints, intime, adLaiesiamof ihgsubiestdaiacans processed. For each
time point, a procegsor, may.Galcals the:Bositian Slthe eihiegkdala et a probability space.
A trajectory is created BM&R@&@QQ&Q‘@MQMMQ‘IMQWQ%&M% Different vector
parameters of the trajegiprhsaahe-Calcllatas suehasdistancaspaadrbdisgetion, and acceleration.
The vector parametersygaRpr.calcuiaiad-RyraPracRssPRdRAsprocessor may be the same as or
different than the processafisediaaansiiuckihaprobabijibmspage: Hbdskl-Based upon rules
imposed by a user,thaepasiiake iraRcioky ok sHibjesicaia: may astivate-an alert. The alert or alert
system notifies the useswithe Rt hersuiectidataigonitieieyithnd ir sleddiposeddyy a user. For example, a
rule may comprise the probalgilityohemsubydiot ofdewehd pirigebimnte iatierse: dttigireaction (ADR) is
greater than 60 percent.bdaiehthenpictatyility-dbtieisybjodtdats evrcsogsdrderule, an alert is
communicated to a usersid. 0¢85 iExamirplieirtd art miertmcta@esut-arésnet fimited to, a sound, a light,
a printout, a readout, asgispfayeradpatie sabrechiaibeartae aern e iepinitse¥dmmunication, or a
combination thereof. Thermatieridrn ey seditirenicatertesthe! ersermerranrstfédeasta, the calculated
position in probability straEdedt tHes TIStisHReEe ffa‘téf”ﬂ‘ﬂé‘iﬁ*e’(j’é‘e&i?g’df“ﬂ’?é’ BpmjEtt data, or a combination
thereof. [001861A userTE st BHCAPP st et fdi et BEtHiEht, the same user has
access to the subject dﬁ?ﬁ‘%‘tﬁﬁ%ﬁ%ﬁ“&ﬁ@*ﬂﬁ@?ﬁ?‘ﬁéE‘f‘ﬁ‘]d“t‘f’i@ﬂ‘%‘@?“‘é‘ﬁ"ﬁl R8rted by the alert. The
user may also be tHé sHBfeerEBF B Ipe: 4 gk “é?e“?‘lcfts ’dmyﬁ“dtg AT IS personal glucose levels
or other biomarker levef& I SHotHE! & “’&’f‘hﬁé“ﬁe A USETRAS BA&REETT e subject data at any step of
the 20 mathematical mBder 18 '0'1‘3 °|'5°m% emonstra es a networking method of assessing the

00169 It tc be thc excmplary methods and sy erein
medical condition of aé a'ts m mmyinica tnpwg{mfowatloen may O or may not include a
reader for reeding %Hbj‘mm of‘;éeg%mgae [ blomgr ker {fgls acgg)pggg%gpbyr L@ tnicrofluidic
point-of-care device, thgnqu);gg,% d@glg}hg%gpgg[ggglg&ugg;\;lq&qumg&mgggggamy be read by the device
itself or a separate devl&éﬁ!tcd by any machine, device, or piatform comprising suitable architecture. I is to be further

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

implemmented in software, the actual connections between the system components {or the process

35 steps) may differ depending upon the manner in which the present fnvention is progranuned. Given
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25 Another 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 can act as a wader 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 station platform may be a computer or one of a wide variety of
hardware platforms that runs any operating system. The platform may read and write to and from a
storage unit. A storage unit may be incorporated within the user station. As will be readily apparent to
those of ordinary 35skill in the art, other hardware may be used to execute the methods of the
invention. (001891 According to still Anther 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 S‘éW@P@ﬁ@“ﬁ’é‘i’?féf"ﬁﬁéﬁy"éﬁH?ﬁ??@i%"éwﬁ'é’f\ﬁ%f&“fﬁ‘?é‘?i’ée@ép’ﬁﬁﬁ a processor. A storage
unit may also be proviffetrEre CervaErHELBrAE UATTEUSUBEY to recejve the patient data from
the input S5device, readBF Bt tdnaes: Krd te drethe Fs{“ ”mtﬁ”r uig(f)'ﬁlQOlThe storage unit may

csamco

be any device capablem8df°§f6’f‘d‘§ &af‘éb*?%r a T‘bhegﬁersﬁohtlme Einer as &lggomponent of the platform,

or as a separate enstlt ﬁiatldsm('%ou ata 3°ﬁet or [0} opriate stora e capacity ma
p y an be s tord ata fro mp C Ot vatelnshlﬁllgonsw BB{; Q.l'{) Es g p y y

be used, the capacity |§ efi/ﬂp ca Ma&oeasim‘t%n rcpegabytes and more usually at least twenty gigabytes.

The storage unit may B permanent or removable. For exaimple.}4 Mg siraggunit may be as
magnetic random accesg, Speh.as ﬁL‘?&S‘E&%ﬂ%ﬂ@E Q&Q%ﬁu@%ﬂ%&%%@' artess such as tape,
optical random aCCﬁS%MM%&&QYMMM%@%@J Arve..anehsalidstate memory, such as
EPROM, MRAM and Flash.n.addition.dhe.piesenkipventionanticipates-othaemstorage devices. All of
the aforementioned stQaEeMNita:REE-PHWAY. hexamplemnd-aic: nakiaigndes to limit the choices that
are or may become available.i thgsast, 46001981} inspmeemboditaantscdhedata are further
manipulated prior to steragedyiihe precessal campiassingthe.data. Some data are very large and
compression permiis conspsvadiansef stpiagenspacedimn theuabsencanss sempsession, this large amount
of data may present a pakieulad probiemdendhe-storage-oF matiesal informattork1001921 In other
embodiments of a system-{criasspssingthemedipaint ondittonafpl siubjdebseata 20 storage,
processing and controbkéfidatasare impietnented On-diserpeithatiSircolriitnitation with a user
station. Optionally, confipermtiofatwitbratie daed fzmrepefotmdduom thdcsdrver as well. In this
client-server embodimerrise gem)debecarinrivmeatiiEegipedras BHieHmer@ tser stations by local
area network (LAN), intHfefentésdion fr miremisre Wit i BlUetb B 1 TS S8 Eifewire, a Wide Area
Network (WAN) such a&*tHe Trtetrét rfretfemetr i irosdhantd easeksst 1, 25metropolitan
Wi-Fi or other high spe&8 tdhiihicatisnS-aGAIT O M am DT pib e LErvice (POTS). 1001931A
user station is in comn RSS2 SEIVEFtS: B‘ﬁ‘fﬁﬁﬁﬁ‘és‘i?ﬁ‘fﬁr?hﬁf’d‘ﬁ“ﬁ%%%?éﬂ by the server. The
user station may bésthé@éfﬁgﬁ?’ﬁ'ﬁl FERt iR c‘)“rtﬁ“ﬂ%s ser g?a‘ﬁpq or d‘@\i}’l‘ffe USéd to input subject data
into the system. The user S ,1% |c(i)anb mm’a 150 e an s‘éﬁ%“rn%t ?v‘éarﬁf?tlglll%f t%m xamples of 30a user
station include, but are' il fﬂhrﬁlte Yo, a $cooFnl“f)pue}t]émrx anlgE)A a wireless tﬂllephone and a personal device,

such as an iPod. The 1;@&81%@ ma Dei |Qorg§)er‘pmmg‘ ication with a printer or a display monitor to

nformation s

output the 'nformaﬂgn miRsaReed DY SCIVEL, . 4ORIIALLa8,nelWRIked sysigm comprising a server,
any number devices m%pgsmggg‘gggﬁa%s% medigalneiwork enteriiss aad access a central collection
of medical data stored ). 2. SEIVElwhaRAMERHSSH SIRHQRMAAAVEALSESS L.8RPrMmous amounts of
patient data from hea”@&@{& %w&x@éfm example, a physical state of a subject or a disease that the subject is

suffering from.
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anywhere in the world. In one application, data from multiple practitioners are accumulated for defined
clinical trial studies. [00195] 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 encryption components may be stand-alone components or software components.
The server may also include a decryption unit for decrypting received subject data prior to storage.
[00197)In an alternative embodiment, if the communication bandwidth between the user and the
server becomes restri¢t\E e EsedsIEe ﬁ%“&‘é‘f\?%‘fé‘“'ﬁ‘é\ﬁﬁ“‘j“ﬂf@“}ﬁﬁﬁté%ﬁn be duplicated and 15
reside in a mirror servé?“%ff"%ﬁCU§§?%%Wyﬁﬁmé°§t‘%fn'ﬁa%%ﬂﬁ8%ﬂﬁaﬁs%ef’\‘/"v“é“en the sal,CT and the
mirror server can be dB‘H‘émbqu“F‘ﬁ%"“EF‘p“r‘epd’é‘Eer%ﬁ“Wé%“?‘ n‘f‘('aldsg fﬂml’l’ﬁ"ém?e uests from the user can be
Subject data e identifier for recognition b
handled locally by the aiiddsis éerver TS alterhatve row les ncrea§ (?:Ilablllty for users, since the

£ Can Coru uC a

on-line processes do nofno epeeﬁ n OUtﬁ'gﬁhnetWSrp&aLQQam Jn.an.a egernatlve conflguratlon of the

computations are perf%ameega%?h%u%c%ét Q:A@.Jﬁ@b&%%%ﬁ@&@%@fwm asourceto a
platform. The platform 1§m%ggga¢gim}amg;§ aY.lhrough.r dishlax controller. The display may be any one
of a number of conyenfigrakgisplav.de\icessLaush. asadiguidersialdispliaynnvideo display. The
platform contains a stofage. Wit/ acessanantan disdace. ioncamipunicating. with the input device.
The storage unit has aglalghasefoustaiipgmanipdating.cn fnchs eirieving subject data. The storage
unit also may store andikhi BRHRELAING:SySi@Mmbie user station platform may be a computer or one
of a wide variety of hargwsyerplatinersdhativans GpoQe it gnsystemuis he.phatform may read and
write to and from itSsSterage, tiikiueAs-iH charifisatihy-ap parertder-thogseraf @rdinasy skill in the art, other
hardware may be usedug-exesutertheiseiiwarer{0BH08% B andtheraspedty computer readable
instructions are providedpuwshichavidrerexeditedivatiben80aprotegsisartailibregide a probability space
defined by a set of disctetetetinita erreoniEgresetrotayhrehriduharaotdiyed B9 statistical
distribution of at least dneshiwtolyicak marketresisigit ecrdaaésrespvtiding to the at least one
biological marker; ghd reteirkine: Therprositionabf iwkild sat] e teriis il prevabitity space to assess the
probability of a medicaltsrritivrrotsatitanbiaet PooZeeTTHE CHputdt e Instructions may be a
part of a software pack&geo Te-&narerss %l’i‘:f?él@‘@“é%?ﬁ"ﬁ‘é“@"ﬁ’ﬁﬁi‘éd Rftti%a server of the invention or
an input device, such a8 HiEFoftiaIE PO TSIt taviie” ‘1(5@“26‘)‘3?T?’i°%ﬁaéﬁbodlment computer
readable instructions cS?‘ﬁﬁﬁ%“é"i‘H‘%f’r“u&"ff’b‘ﬁ‘i‘“%‘?“&r“é‘ﬁ??f@“gé‘i{raje e BREREH EUS Time points of subject
data. The instructiofis r} ma¥ VISR cause a SFOCESSOr to calcylatefv%gtlor arameter of a trajectory, such
as speed, position, heag’ln‘%‘ and”accé’i“é’raf‘on E@ﬁgﬁﬁ?&"g’ matﬁme(’r’rr 1 agoé mstr ictions may direct a

sm dala in 8 prol G, ¢ int
processor or output deV|ce sse O? g] Oé CQE1 on T e instructions, when
users wi I conten prel

g em e
executed, may display agrapl ﬁqe%mmnmw .

¢ 3ot o t]ons to View &

user interface is 2 graphical user interface (GUI). In some

30  embodiments, a constructed probability space in two dimensions can be viewed using 2 GUL Also,
the trafectory 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 utilized with the
methods of the invention inchde, bt are not limited to, alert systems, web-based interfaces, text
interfaces, sound interfaces, batch interfaces, and intelligent interfaces. In an cmbodiment of the

35  invention, the user interface can remotely commmnicate with the system.
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representation on a monitor, print an output on a printer, or activate an alert or alann. [002031 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 an embodiment, the trajectory parameters am at least
one of speed, 15acceleration, direction, and position. [002051 As used herein, a "computer readable
medium" refers to any medium which can be read and accessed directly by a computer or a processor,
Featured computer readable media include, but are not limited to, magnetic storage medium, optical
storage medium, electrical storage medium, and hybrid storage medium of any of these categories.
20[002061 The computitsteasafts drstruetibrs calirspatdtdth reomvaretitatithe environment of the
processor. In an embomﬁéWs%WWéf@”ﬂmé"ﬁﬁ%ﬁﬁ?@ﬁf%ﬁﬁf&“ﬁ%ﬂéﬁly used functions and
facilities required by th@“ét‘?ﬂWdF’é’bph&W AE%?%ﬁ?iﬁl‘éé“’&?’é°§‘8f’ff?§ér’8”?'ﬁ’ﬁf“’r‘ﬁ%"%nV|ronment include, but
are not limited to, comptEFBPEranhE %Y’?T@ |rtu’§‘1t°rrﬁach°r“i’le°‘§md°?3Ws?rlbmie§”cﬁd erating systems. As
will be appreciated By fii5E2 8f Sitiiahy Skt n’fafﬁ"“ ar°1f'an sev‘é’raé‘ido‘iﬁ%r?“es%m s of 25 runtime
environment exist. 100‘2@%“??5““ md'ﬁmfer BT e A B ‘:‘itg orage unit of the present
invention as described erein: 1Fa A S‘ "F?@cmﬁt;&ﬁthc igoé}:é cm gara ﬂ:é?t computer readable
medium can also be a%avglfa]ﬁ’fgmesﬂi%m that can sethec%g%%g Olgys‘% éﬁ;\dggmgﬂﬂgocessor or a
computer. [00208f Qomput%mr%aacﬂo%@skmedla , nclydles. wlatile, anc-on-valalie, removable and
non-removable 30 meq;@cmgf ggggg%%tmgm;j or technology for storage of infonnation such as
computer- readable inshsliRRSHARAASIIMGIUIR S RIGGIAR Medulgs, QhRthekdala. Computer storage
media includes, but is RAAINILILOR AM uR Qih-ERRLMa BRI REMMaflashmenery or other solid state
memory technology, CR;RMiRVR. Q& athetaplicalsiarage pmagnptictassetias, magnetic tape,
magnetic disk storage af;etherinagasiicistiasage.devieasqof my: other medium which can be used to
35store the desired inforngtics and: ydrelly camheaceess echiyndhe-campu teacsskilled artisan can -30-
readily adopt any of thenpraseatly-knawn.methedsior recordingaicrrationwwnea computer readable
medium. 100209iThe compuisreacairie stiediume-ean beiintorporated-dsPpartiel the computer-based
system of the present inverttibresdnebtarbéiem pioyed<dor atcormputer based #ssessment of a medical
condition. 5[00210Hesdthegrtr@perating System 100211] Different aspects of the invention can be
used and developed folHEHithParesysteny Remmptessstsgbtrejstemnisontitie point-of-care systems,
a healthcare operating 4pstenicomprerabimatioProPuote For et fredesiriiiay test a blood sample
with a device and the iffforifTatd TP die testtan BeeBidtrira tyc4cgsistei*sr method of the invention,
which in turn sends addﬁiﬁﬁé"l AT O ey s by the dovioe itself or a scparate device.

Another example of & reader would be a system to scan in subject data that has been entered in an
electronic medical record or a physician cha. A further example of a teader wourld consist of an
electronic patient record database from which subject data could be directly obtained via the
communications network.
{86188] A user station may be incorporated into the methods and systems herein. The user station
30 canact 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 vser, such as medical personnet or the subject.
The user station platform may be 2 computer or one of a wide variety of hardware platforms that
runs any operating system. The platform may read and write to and from a storage unit. A storage
unit may be incotporated within the user station. As will be readily apparent to those of ordinary
35  skillin the art, other hardware may be used to execute the methods of the invention.
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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 wirelessly transmit from an assay 15
device to a database which integrates data from the device with stored data from disparate databases
(patient record, genetic or genomic information, data from clinical trials) into a central database. The
system can then allow for the automatic application of mathematics to the database in the context of
the pathophysiology of a given disorder. For example, a healthcare system can be used to rapidly
improve the label of key drugs through adaptive clinical studies which can generate publications for 20
label expansions for new indications, patient subpopulations, and for ameliorating safety concerns.
1002131 In an embodiment of the invention, a healthcare system can be utilized for home, real-time
blood monitoring has significant implications which allow us to collect information which cannot be
seen using the convenfiUrBrdEd (Lt RSt AFE "I E 11 T8k 4ates an exemplary
embodiment of a systeffiet HEhYartishD RETHiEYs Ky NENBH S stBett Tata can be
accomplished using a BEiHtEST-Care BBy C8 FHE Bt Orcare aevice &ar igm(’imﬁfrﬂés? store, and/or
: : ed in the server, The.storage.unil is coupled to receive the patient data from the input .

manage information ba§§°d"‘bp%n a S,Pecﬁ'f’c ﬁlsea&e or c(gtt‘;npouncffl JI"he point-of-care device may also
be in communication With.1f}e USer or & computer of.system belonding to the user. A point-of-care

. . . 00190] The storage unit may he any device capable of stofing daia for a [shg odt of timie, eil ! o
environment in this example GarThe 1h miﬂgmﬂespgr&e guglmgs-cél,a@tmﬁigc%;@mmgy 11 is transmitting
information in teal-time_from t (?HBQJ;,QE{QL;‘S?@{SQ%&Q&@E%%&%FM&&Q&%&Qﬁhm@t is capable of
converting the information, or. daia.i0anbvsialegicalluralevan.coniex. FHis.san be accomplished by
transferring the infqmafiqn.to.a fefebass.arAplual.of databasas.he datapases can be on a
server or a plurality of Servers. R 3. emhoginant.a.centkalizeddaiabase sepository is used to analyze
the data and return the,gata lo-an.endisermanphysiolegicallialevask.coniext. The data can be
returned and, in the example afFigelklvdnfarmationasiteh as3talinically selexantand actionable
information, can be retushedda-adisehibough browsesdasad»3dne goftware applications. The
information could be usethforadaptise-alinical Lrials-ancpublicationsdhtheerduser is a medical
researcher or pharmacetuiiieal:@e pap sy i::60 2iHif-gysiermiahtines venrtrorf ¢omprising a point-of-care
device in communicatierewith-arealthoareisystens may ddtnaguiret threitrarrstém6f samples, such as
transportation to a labohaters: Sxikdctewrtesrn, can improve the integrity of a sample. Detection of an
analyte in a system or ifethbetofthaineftivrroanstueptovided-iriiesitimhe'dbthe point-of-care.
Real-time detectiorpinteigjresterel-viittacried Hidesreerpral vatsrageidysmniedn Wow for the creation of
complex longitudinal datasséréstiseureertiyr At Friturosssardavice~ o261  ig. 12 demonstrates
an exemplary system of‘tHerTHVEREIBR, YHarehi A HEaRR Care Oher NG 1o%etem comprises data
infrastructure, models a1t atgtthiAS) SRrSHA S 2Pl rORE THE Hatd hiriStructure can be used
by a pharmaceutical cotffipSHy 6T Cilmea) ‘?Fiﬁ'ﬁé"%é’??}%ms?f‘%ﬁé%‘?%jéﬁ”%i‘r’rﬁbasf:“érﬁti,cal pipeline. A model or
algorithm of die hedith E4F& &P atng ey e ar N EEHIpICE T8r EXample: Bredictive and dynamic,
multivariate, multi-dimeﬁ%TShal models that can be customized far program-s gc'fic objectives and that

. 00193} A user station is in comsounication with a server to output the informatidn p y the .

can map disease progrl—:-ss@p anaiI regression. A{ ystem can be 1ointegrate oxivpg‘ﬁ back-end algorithms,
models, and data in the d8ltg INFrastilictufe. Por example, 2 system can fransmiL ipdividualized content
to users on device tguchiScreens, or mobile.pRoDes,.Lhe.eadRack Bay.aAssist with behavior
modification and increagg complianGe. Wil SIaRY.. LasAldarithme.dgscrbed: herein enable correlation
of blood data to efficacy,gynamics e filas.ehaveL.difeshde. diet, and side-effects. 201002171
Content can be based g éiata for.Ratsnt SlassesWhichiecognizephysialagical and

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

35  given user station may have access to enommous amounts of patient data from healtheare sources
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psychological pre-dispositions as well as local socio-enviroinnental influences. In another embodiment,
a system can link users through social networks, where success stories compound through the
combination of each tailored home health system with a given therapy. 1002181Tbe health care
operating system can interact at the point-of-care with consumer systems, 25such as an assay
cartridge, an assay reading device, or a mobile device such as a cell phone. The field units can be
integrated with point-of-care home and mobile monitoring systems. Field units can be remote, portable
patient care systems and can provide on-site, real-time, automatic processing of cartridges for blood
analysis. In some instances, field units comprise a user interface, allowing patient to initiate assays
and graphically enter a variety of relevant information, such as: patient 30diaries, environmental,
behavioral, and psychological infonnation, and two-way communication system from the instruments to
medical personnel or mobile phones and back to patients with relevant content, messages, and health
information. In some instances, blood and enviromnental data is automatlcalfgl (for example,
wirelessly) transmitted TREBRTIHART peAmtie: =4 Gyt YH REHRSRARSHRERT, a health care operating
system can comprise |Fﬁ8?‘?’ﬁ3’ﬁ"(')ﬁ“iﬁ’f$ ration 35and exPIonatlon pfr structure that permits, for example
without limitation: data SEGEH SRE Cor3ge O BOMtor- 5are resy i ln r .?I time, integration of blood
he,point- ot is where treat van eo
parameters and patlenf dfar ofBI §a wﬁﬁ a‘ﬂ %n sflo og}ga mxﬁrenlghlglnt in qrngﬂatlon and a central
nelp to interpret, and ahdlyze oll Jat c',,@c%gmpag st%s@aﬁnlmmgyggg@fqgm@agn into a disease
management system thﬂﬁ&ﬁ%m &9%, ;Qg“lmno’gmg}gp@wggm a.nrahahility. space of clinical outcomes. A
health care operating %L%J&Ln%@dé lelg MR CR0: Rravide.a-gianbical.display.of clinically relevant and
actionable informatipn pagkda.henealth.caks.Rravidenand/oLihe.patiratoLtses. (002201 Possible
applications for a healthcargsystepat thadaventiondnalide bu-angnaalimied to, an integrated link to
an adaptive clinical trial.9uhealibcatefanagement systenyduig-andsystems combinations for
post-prescription monitesing: A Aeaitheasa.opataiing.cysiem-ornexamplesa-seever 10controlled point
of care whole blood meaitosing-systems) samt. identficationoieaselationsite-efficacy of key
compounds during slinieat stuches-rt002dlsimn A emidedimentasystarcansptevide a graphical
portrayal of integration sef@xaitable date e istoeegirserr{00PROTIRsairotherembodiment, a system of
the invention can generat@ddedi thetimayse e e Bingtdn catetdtdietiif drures stedies. A system can be
customized according d<tiréimeeasdf it fyzetofepside networks.

{00198] In an alternative configuretion of the data analysis system, client-based architecture is used
20 where storage, data processing and computations are performed on a user station. An input device
transmits data from a source to 2 platform, The platform is coupled to a display through a display
controller. The display may be any one of a number of conventional display devices, such as a liquid
crystal display or video displey. The platform contaius a storage unit, a processor and an interface
for commmmicating with the input device. The storage unit has a database for storing, manipulating
25  and retrieving subject data. The storage unit also may store and run an operating system. The user
station platform may be a computer or one of & wide variety of hardware platforms that runs any
operating system. The platform may read and write to and from its sterage unit. As will be readily
apparent to those of ordinary skill in the axt, other hardware may be used to execute the software.
[00199] In another aspect, contputer readable instructions are provided, which when executed cause
30 aprocessor to: provide s probability space defined by a set of disciete clinical outcomes, each of
which is characterized by a statistical distribution of at least one biological marker; obtain subject
data corresponding to the at least one biological marker; and caleulate the position of said subject
data in said probability space to assess the probability of a medical condition of said subject.
[00260] The computer readable instructions may be & parl of a software package. The software
35 package can be provided with a server of the invention or an input device, such as a microfluidic

point-of-care device,



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
utilized with clinical trials of pharmaceuticals, a system of the invention can provide 20 an
understanding of compound efficacy, disease progression and patient response that may not be
possible using the conventional blood testing 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 pathophysiology oldie disease. The customization 25 can be designed to automatically
incorporate all relevant data for use in mapping dine progression across relevant indications and are
the foundation of historical data. The maps and baselines can be used in designing future studies and
in future studies to extract better information from blood test results and cprowde early reads on efficacy
across different indicatiSHa, C?G?'?%]"Tl‘i °°mi‘§r&°ém5?f"s‘?wé‘fg§°mﬁmé§%h SRR d f‘ﬁﬁ)ase comprising an

ts of subjec! dam, he instructio
ontology of biornarkers ! B‘fﬁafyare°°3‘(5wrelé'ff lf' edic d’y sf‘-[or example, sepsis as a

Som f %if co
disease is categorlzed a Loalo dFX m h
%'a

emsru ang lputgnto o% ;g Acute Liver Failure (ALF),
Disseminated Intravascu ar Qagul %t'Oan(,DJfgﬂ%ugoﬁb%Lmﬁacﬁe@%Qﬂ fhessRathologies can be
considered a sequellag of Sepsis. i e caniedal fisontelom, lnbis.example, a drag used to treat
sepsis is CyteFab. In smg,mﬁ@p% seguellag sanpe.chasacterized.biithe spectra of
biomarkers as 35 descphagd N EiQban-EokEsamPisALEis.chataciarzed hyuspecific patterns of ALT,
AST, GOT, and Alkaling;phRshRbalasaram: 100220k indRaspekl-olibe dveantian, the methods,
devices and systems disclased:heraincar.comprisen Jisalihcarsopelatiagsystam. A healthcare
operating system can Guapyise:aseeniral control system for delivery of care to consumer and for an
economic model for pajyss and:pay 2asis bt hili-ane rbadimentsadkoadthcare operating system
can provide an early sysiemipossibly.ia hdateshthe vnsel phoiseaseshesysient can further comprise a
learning engine that tiegsteritherpeeferencesoharimer eranrrinsetance Previder based on drug
availability, targetecs response, tadascrdrayiment structure. {002281A computer system or server of the
invention can include altdipfiarmic tedrninguengriels foriex afmptenasdiverayste et sekrver receives data,
the operations of the systemdpristryemuabeetdudtttdmnrusystainwsiidehde reamn also call in to siloed
databases, extracts, artet fotaiymarestestperrancpits Sreeror Ay iffenmutionth a central data
repository. [00229] In drittifrepistitient-g feafthcare system can comprise a communications
portal for a user to EomPPRIARETE A %ﬁ/‘”&?ﬁ\%ﬁ?ﬁﬁ’ﬁ’ﬁﬁ%ﬁﬁ@'ﬁ%@ﬂ“@%ﬁ “&weight, nicotine
consumption, food coneffifitiBH, BREFETsE Y ATATTE R SR BIOB2S0) Fig. 14 illustrates an
example hierarchy of a“Wéﬁﬁﬁ“&é?’é”&B’é‘?’é‘ffﬁ'ﬁ?V Y e SRR ML EsHtral | operating system has

ut 1 fimited i i 3 st 1 ch ar distributed ratin
access to a data infrastfatUrE SHa oSG devicas 1o obtai mg“ e ope
systems. As will be appreciated by thusc of ordinary skill in the arl, sever& other examples of

25  munfime environment exist.
[00207] The computer readable medivum may be a storage unit of the present invention as described
herein. It is appreciated by those skilled in the art that computer readable medium can also be any
available media that can be accessed by a server, a processor, or & computer.
[00208] Computer readable medis includes volatile and non-voietile, removable and non-removable
3¢ media implemented in any method or technology for storage of information such as computer-
readable instructions, data stnxchures, program modules, or other data. Cormpruter storage media
includes, but is not limited to, RAM, ROM, EPROM, EEPROM, {lash memory or other solid state
memory technology, CD-ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used to

35  store the desired inforisation and which can be accessed by the computer. A skilled entisan can
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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 20 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 can include generation of a
trajectory, fuzzy logic guidance, collaborative filtering prediction, disease maps, and data reports for
clinical trials or new drug discovery. Examples of applications of a data 25infrastructure include reports
(public or private), alerts (for example alerts of a user, clinician, clinical trial, or a pharmacy), and
dynamic, adjustable trials. [00231] Also demonstrated in Fig. 14 is the hierarchy of information
received by the exemplary operating system from monitoring devices. The devices and operating
system can monitor and release drugs if necessary. In a preferable embodlment the devices monitor
analytes in a bodily 30MiH “EBF el RSB R SH TSTRG bISSE e aée”\rl’mct:':’é’rémmay be capable of
executing prescription BI88 tests for a cllnlcal or reveﬂ%ﬂaﬂve e%tlnngmor gsegluate drug systems as

er yeadal ]e edium can
demonstrated. [OOZBZKarf aspe m% }’5{3 em IS g;sacj(%s ggﬁgﬁm S.input fr%n the user or his agent
(for example, a phy&m{aﬁf& %g |t%te a cgnversatlon Between the subject and his agent about the

status of the person's ata tlrpcgofggx%rcg les of.inRutihat sanReselicigd by a system include, but
are not 35limited to, esgabll }%%i?ﬁsl% smmedical.notation. apd.nassanal notation. The system can
acquire clinically relevapy, infarmaion. ahaut apessen Andplace-he.niarmatiarda a physiologically-
reasonable context. Exgmples.of.clinicaly sslevantinfarmation, ineiice. ut age-not limited to, age,
gender, race, medigal histamn sbd.generale information. [002331 In an embodiment, time dependent
data can be representasiya; af:Queiaillnigabbeakths o et popse; irelutdingsedimgnosed disease
condition that requires soniekingca: IRSRDNGE psaiies foi-a BpasigeH amtnuge-eiecombination of drugs, or
subject observed obsensationsiaihisdRoaliinkOoR3dd-Galenlatedses obgerat information can be
provided to a user. Exampies oh isgisdinehider biibase aotnited towa Patenty a physician, a clinical
monitor for a clinica¥ triedj-andietherimedisaspersonnelic vith 002 35 Tdnfarmeationean also be integrated
into a central repositorydon irclusien irterforfexgmpie rae 10mbieaerecardorea Emical trial report.
(00236 Fig. 15 demonstrates meex dnp kirptystiseioo il s totrdvbrarétseart Bnalysis database can
receive information froffe eteteltsipiamsef CorRéiMing Watarfho i Sreater ey et itgE database, historical
databases, a patient détgprasertiat et dntairet e e B s praentiAdaustomer database.
Other features of a8ysteiTertre TRt ar deritorstraed hry=is =t Hesystem is capable of 15
performing analysis onHt4 & cEARs “tﬁﬂ"é %ﬁ‘mﬁfﬁgséfﬁé‘tyéﬁ%‘ﬂ%%‘ém& i/ #ikthod as described
herein and can |ncIude"B%\?€F6‘6‘ﬂ‘i§“d quﬁ“’ﬂ’igg%'i‘élé’“éﬁé‘ﬁ GRIPGRISEiREYS Y statistically analysis
the convem:os boo
of information within th&"3 %}/ m,_rep aip S, and/or a cQ mblnatlon fthe different methods as

described. [00237] Fig. EEq’ ||!)u tes l‘e‘%“’gpu er |rAtemface ttﬁ%gr ﬁj’é‘{s‘/’cﬁ: Uilized in a system of the

acquisition of su Ject ata can be accomplished using a poini-of-c
invention. The

e point-of-care
device can acquire, store, and/or manage information based upon a specific disease or compound.
The point-of-care device may also be in communication with the user or a computer or system
belonging to the user. A point-of-cere environment in this example can be the home or the chinic.
Also illustrated in Fig. 1] 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. Thiz can be accomplished by transferring the information to a database or & plurality of
databases. The databases can be on a server or g plurality of servers, In an embediment, & centralized
databage repository is used 1o analyze the data and retumn the data to an end user in a physiclogicaily
relevant context. The data can be returned and, in the example of Fig. 1}, information, such as

35 clinicaily relevant and actionable information, cen be returned to s user through browser-based
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20 user interface can interact with any of the components demonstrated in Fig. 15. In a preferable
embodiment, the user interface allows a user to interface with the system to determine test data or
analysis outcomes, such as physiologically relevant infonnation. The user interface may be a touch
screen, monitor, keyboard, mouse, or any other item that allows a user to interact with a system of the
invention as would be obvious to one skilled in the art. 25[002381 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 running an immunoassay of the cartridge. A system of the invention can also provide
information to the reader for calibration of the immunoassays nm on the cartridge that are run or
executed by the reader. Reader management can 30 also include information for assigning the reader
for the appropriate reading system for reading an immunoassay from a point-of-care cartridge. Reader
management can also include corrective and preventive actions CAM) which is an instrument of
integrated and compre‘h"évf‘fg%“&‘B?hﬁlf%&@“f’ﬁ&”ﬁ&ﬁé?ﬁ@ﬁiﬂaww°‘ BRSPS APA approach is an
effective and systemati€ PHEe&st ?ﬁhé’ﬂvhﬁ@ﬁmencfé"s errors and malfunctions with the goal to

8
provide appropriate coffectvE SetoRS ahd I Con %mn Mfl ﬁ?&%ﬁ?ﬁ“’?@d%urrence of non-conformance

care system may not reﬂglre the, on t0 &

Sltuatlons The CAM Sffa] QXrnwaS ev i) tyo}{asmm)lj%p&o mnma tg Aésrgt]alrr;nsnéaolcpn (FDA) fOI’ the
mspectlon of medlcal pgg u%tlt?onc:als'u c e%gauﬁggmca héaprt!gt-o g&bggﬁ d§coclx ?}geggxaem can be used for
pharmaceutical clinical jtfafS, I SOmE,INStaNees. i, WValomaand. meiigdmagselerate trial timelines by
an average of 18 months, In s n.same, lnﬁmgggvgé system or method ereln may provide dose-response
and efficacy dynamics I;;),ggg‘]l;?gsdqejlgggamg@&&@g@@gtggﬁnmmWP@% than 12 months, less
than 10 months, legs 5,thad.9MeRths-oLeveRdesstharn.8, nenihs. Kealtine ahamnacokinetics and
pharrnacotmamics maydqauide.netiereificamwandmayesaleiyiniormation. The methods herein may
also decrease the risk gfdexigily,slowingRpRremah ausasiticting-saynshillipgdese across:
sub-populations, concemitait-medicatians ane:mulipieddications.kaetbeminstances, a system or
method herein can impsawe-piedigie-msilbil iy iat ospathway-thnegaies. Mvmedetas describe can
produce predictive insiglaizanth Lo-powensirategiedecisie ns vgysiefreansupport communications
with regulatory authoritigs:iniesnationadiyiandwean factitate tearmrand coRiiinys Steategy for adaptive
clinical trials. 1002401 A-gysterrierditciosn wtiute @ datec mariageiidatrsyitem. The data
management system ceavityes rgereitedthroughiioptthiet o disvickssr myiweiisioor by a single central
server. An example of tfetdedrarrdgémietit of a system of the invention is shown in Fig. 15. A data
management systeth cAfi'ISreeemvéc i &t Stapet otV iot eseampre @ pbiit-of-care reader, a
database (such as an aM&R7ERE' Batiasdses BFY RIStPREAT TAEBASE) "5 & 28t minal (such as a user
interface). A data man&GeHTshe SyStetH e et SIS PALR HRAGBMENAL, for example, storage
of a patient's |nd|V|dual‘lﬁ“éi%‘é‘hé?’?f’ﬁ‘?‘é{’@%f%ﬁhfﬁ'f’bef‘r‘i‘?gffltbeﬁmr“é‘lﬁf‘ S ER P AT Eular disease or drug profile. For
example, if using a syshg?‘h A5 e f’ﬁ‘?)’ag(‘)"f‘fﬁm‘”‘ér%fé”ﬁ'f‘lﬁ‘\’/“é*’n T’%’?wwfté‘“c‘”(’)“h‘“dﬁ%“f Aclinical trial on an
experimental drug, the cfafa"?"(ﬁm Eliti Etie ’f”aﬁ "iéﬁ'é”éo r‘r'fadﬁvécf ement K/ 'iems can receive data from

ficld uni ed with point-of- mobile mo 5Yg) 1e[
the point-of-care from readerm%p atlmtengw re ag e |f'|’fogm[930n n dpﬁtggmaﬁggacgs apalysus of the data.

Both the patient data ang 5 €.a QQOE}@A? qta me asxnt‘fﬁmgn1 e stored for future tse « of a system. For
example, if one side effe ct |ts nojed mat% Q‘a%c%ﬁ‘ ETEM |5e I Q_W‘g!mcillnlgznan trial, hag side effect information

G initiale aEsa
may be used for the, an&ygg@mﬁl@gaggr@ RAHEALIR, maﬁgn%mgymm%{gﬁal As another example,
a diabetic 25 individual pawseceive.a.aWe0se Measuiemant.atan.eigLdme, which may that be
used to evaluate the copgition.of fhe Jodividualat.adaierdmne.following aRathar measurement.
EXAMPLE 1 1002411 Riosiaiefanseband-anangieaenasis freatment

[00219} As described herein, a health care opernting system can comprise information integration

35  and exploitation infrastructure that permits, for example without limitation: data acquisition and
sterage of point-of-care results in real time, integration of blood parameters and patient diary data
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301002421A Phase | or Phase lla clinical trial for treating a subject diagnosed with prostate cancer
with an antinngiogenic 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 antinngiogenic drug is to halt the
growth of blood vessels in and around the tumor, thereby depriving the tumor of adequate blood
supply. This may induce ischemia and nutritional necrosis in the tumor, thereby debulking the 35tumor.
[002431 After the method of action is determined, discrete clinical outcomes are chosen by medical
personnel, such as a physician or clinical monitor. The discrete clinical outcomes chosen in this
example are complete response (CR), partial response (PR), non-response (NR), and adverse drug
reaction (APR). The ADA related to the anti-angMgenic drug is hypertensive encephalopathy in this
sexample. 100244] 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, Endothelin-1, and 6-keto-PGF-1-.a. Using these blomarkers and the corresponding
historical data on the ﬁ?&@fé‘%i’ﬁ‘ﬁm&?‘p}%ﬁﬁ%' ‘5‘?’1‘"“"“r“freéet°memts Wt 5 Vfl éfm enic drugs as well as
data from other 10subj’8?:°t‘§’ﬁll"mh§m6‘ff |’c‘?5'f”fr|‘5‘fgmmcﬁ"tfsmf‘er ai'na z%“sp m(’ﬁf’? r e a1’—_gz'i(:h discrete clinical
outcome is assigned té“&“‘&éﬁ‘{ Baﬁfﬁ? 8?1%“"0”?'%}‘1% 1éc’ras : g fsore t su"i)Ject s treated with the

ou "] a robablh!y ace of c h

reIevant blomarkers mpw mﬁt 22 su ect belonglng any of the dlscrete clinical outcome
classes is determined Twaar.;gih, . Mahala ;;rotamag@z@@mmem&mmmmmw is calculated using a
Bayesian estimation. The resulf.Q m&&@@&lﬁm@rE%Q%Iﬂ%%&@ﬂﬁ@b@hﬁh%&m”espondlng to the
four clinical outcomes gf jhe examRle. A8 RAsiipn-akihe subischis delemminesby plotting the four
probabilities in the grobakililysPace-1RA4bLLheprahakbilitkspacs soraespeRding to four clinical
outcomes is graphicallygisptayed,3scsaEaieddao dimensions. The user of the model, in this
example, medical persgniigh-£siakhlishes«0mingidathe.medicatieanditianafthe subject based the
subject data's position andiastiajectory in the probability space. Each discrete clinical outcome has a
line representing the rul@esiabtishedibynihgmedicalpoisonnet-as showrysthe dashed lines in Fig.
16 . When the subject saesses thengeited line-towards thel GRps RRnedrbliters, the subject is
substantially free of AD#nalnekhaise isrproved:fusihrersrognogionRE/O0Ruyin:fg. 16, the trajectories of
two different subjects areqplotieei-Subjecti-rasid tiafe cromtad startstnitl middle of the probability
space and then heads itowsyrds=the: ARR-cdrditiore 41 thifs-trafmpteifienedical personnel may notice
the trajectory's speed dNBYSEterdtivmiarti-nhrithvEeiertidstresemre it WHerSutiect | 's trajectory
crosses the dotted ¥nestawiivd e mPR Bl i i FECHvtets THE Yiedical personnel react
accordingly. 30100248’1""@’&E?}Eﬂé‘t“?ﬁéf?ﬁ“ﬂ‘%?j’éﬂ&?ﬁmﬁ‘f‘ffeads towards the NA condition. The dose of
the anti- angiogenic drifgfifedifiante! ﬁ%ﬂﬁ@éﬁ%ﬁﬁﬁ‘g‘“fﬁnfﬁﬁ"ﬁﬂ@?ﬁﬁﬁ%hed by the medical
personnel. After the adjUstHheTitSEHE Y °é“’fﬁ§°ﬁ‘%{]§&’f6 ﬁé&&fﬁg’%ﬁ%&é@tﬁﬁwards the PR condition.
The example illustrateS S H&TREY ZitFSHB ARt O e S Shtion 16 HONMOFiNg a clinical trial. 35

EXAMPLE 2 can be designed to automat:cally incorporate afl re evanl data for use in mapping disease progressil
across refevant indications and are the foundation of historical data. The maps and baselines can be
used in designing fisture studies and in future studies to extract beiter information from bloed test
results and provide early reads on efficacy across different indications,

{00225]Fig. 13 demonstrates an cxemplary database comprising an ontology of biomarkers that are

30 related sore types of medical conditions, For example, sepsis as a disease is categorized as &
pathophysiology and is linked in this ontology to Acute Liver Failure (ALF), Disseminated
Intravaseular Coagulation (DIC) and the like. Each of these pathologies can be considered
sequeltae of sepsis in the context of this ontology. In this example, 8 drug used to treat sepsis is
CytoFab. In some instances, the sequellae can be characterized by the spectra of biomarkers sz

35 described in Fig. 13. For example, ALF is characterized by specific patterms of ALT, AST, GGT,
amnd Alkaline phosphatase.
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(00249j Sepsis and Anti-TNI treatment j002501 Subjects with confirmed or suspected sepsis or
systemic inflammatory response syndrome (SIRS) am treated with an anti-TNF therapeutic during a
Phase IlIb (dose adjustment allowed) or a Phase Ill (no dose adjustment allowed) clinical trial. The
subject is monitored over a course of time 5during the clinical study. The method of action of the
anti-TNF drug is anti-inflammatory. The drug is aimed at preventing or circumscribing downstream
sequellae of sepsis. Typically, the anti-INF drug is given in cotfj unction with a broad spectrum
antibiotic. [00251] After the method of action is determined, discrete clinical outcomes are chosen by a
physician. The discrete clinical outcomes chosen in this example are response (R), non-response
(NR), and four sequellae (disseminated intravascular coagulation (DIC), acute respiratory distress
syndrome (ARDS), acute liver failure (ALP), and acute renal failure (ARE)) 1002511 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 biomarlcers fall into multiple
categories to monitor tHEHiffersE: of g&i“é?é‘%lﬁ?f&%ﬁfﬂﬁfﬁ‘é@”ﬁ?ﬂ‘éﬁﬁ?ﬂ”ﬁ‘?%e 15physician.
Lipoprotein Binding Prot&fii® Wﬁﬁ?ﬂﬁf?@%ﬁ%%ﬁfg’?ﬁ%d’f‘%? el "m"é the R and NR
conditions. The LBP biBIiaTeae /8T gp e elp® 1E-5. £ ’rpé’”omaf?em that are relevant to
the DIC condition are VSR WGBS HisLts °?5mi§|3ﬁs‘8’ oMb ml‘él?ﬁémn neoptetin, and PM-I.
The bioniarkers of the ARDS “é%ﬁéﬁ‘i“é% aifsetm\}?)aﬁ °f|ep rand's w?gbgtor IL-8,IL-1, and TNP. The
preferences.of a user or a Ance Provider s on avail tf‘ngete TéSponse rate, or
biornarkers of the ALP con(ﬁ ition are ,&Eﬁ" AST, GG f—| Alkaline 20pF10phatase bibrubin, and

Protein C. The blomarlfg1 gfnﬁ]em m!;n condition g‘@u&gﬁ ARG, and, G¥stinG. £00253] Using the
biomarkers described 'Qali!;‘mesa%e%ﬁ & a0d he.carrsshonding.pisiarical.dataon the progression of
sepsis and the treagnep}.ef sepsis.with antis INGIheapsltics.as Wellas data from other subjects in
the clinical trial, a clustgr.analysis-saesiermad.fash discrsie£linical outcome is 25assigned to a
centroid of one of the GlegbahstQ03a4lBeione-theaubiachisdieatadiuwiib the €rug, the subject is
assigned a position in thexpeahability spacadhasad upardhesubjeehsdatadigrnthe twenty biomarkers.
The probability of the subjest-hel)ngingtoanyok thaveiscrete clinical outcome classes is determined
using the Mahalanobis estence ke which-aiprobabiis-oaleuiated Wsigeaidaycsian estimation.
The result 300f this caloulatiorseturmssix propabHitigs-corespondingdtactife sixrelinical outcomes of
the example. The positienceiiihe subject istdeteriviniadbir plottimgutive wixeprababilities in the probability
space. [00255J The probabityrspracelicorrespoiidiig tothesiRdiseretecelimicgtoutcomes is
graphically displayed a@'a-hexagorr in: e dirierisiondiCThdinyhysiciaicadmaplishes rules tracking
non-responsive 353tbjertdaiveepebsirieattici-of shrienad-Tievatdscarkspited on the hexagonal
graph as lines as  illusti¥&a a7 MmaTetica Lo difiot o the Sttt Bised the subject data's

tr aj ecto ry in the prob abtﬂ?tg}létﬁcaé@lyms of information in the data infrastructure as illustrated in Fig. 14 can include
generation of a {rajectory, fuzzy logic guidance, colisborative fillering prediction, disease maps, and

duts veports for clinical erials or new drug discovery. Examples of applications of a data

25  infrastructure include reports {public or private), alerts (for example alerts of a user, clinician,
clinical trial, or a pharmacy), and dynamic, adjustable trials.
[00231] Also demonstrated in Fig. 14 ig the hierarchy of information received by the exemplary
aperating system from monitoring devices. The devices and operating system ¢can monitor and
release drugs if necessary, In a preferable embodiment, the devices monitor analytes in a bodily

30 fluid. For example, when monitoring blood, the devices may be capable of executing preseription
blood tests for a clinical or preventative setting or evaluate drug systems as demonstrated.
90232]) In an aspect, & system is discloged that soicits input from the user or his agent (for example,
a physician} to facilitate a conversation between the subject and his agent about the status of the
person’s health at a time. Examples of input that can be sclicited by a system include, but sre not

35 limited io, establishing alert lovels, medical notation, and personal notation, The system can acquire
clinicalty relevant information sbout a person and place the information in a physiclogically-
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[002561In 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 However, as the 5subsequent
time points are taken, the subject trajectory moves away from the DIC condition and towards the NR
condition. When the physician notices the trajectory's speed and heading, at T = 6, lle raises the dose.
ALT - 9, the subject's position in the probability space has a high probability of being part of the R
condition. The physician assesses the medical condition of the subject at any point in time along the
subject's trajectory. 10(00257j Subject 2 has a trajectory that begins in the middle of the probability
space and heads towards the NR condition at T = |. 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. EXAMPLE 3 /00258IDiabetes and Insulin Sensitization 1002591 Subjects
with non-insulin-dependent Type 2 diabetes are treated with a commercially available insulin sensitizer
and are monitored for effitsesrrideafers frrebaeriir 8 BrRRADR G2 EB1¢En is congestive heart
failure (CHF). The subfetFRhisHiitdtee: V& EBUFEE"df time during the clinical study. The method of
action of the insulin sef{éties MUERRES S d?ﬂé?fﬁ%h‘iﬁ@“ﬁ’%ﬁ“ﬁ“s“é’ﬁ%’“fa\ull lummlfﬁe Subject via antagonism
of a nuclear receptor |ﬁ?ﬁ’§°£ﬁfﬁ‘5§ad’fﬁ° IR t’“’ilﬁ\%rfqﬂ‘ TSt S FIZEI’ and method of action act

ot coinbination of g[s or su servatto

to increase glucose up‘ialge in the per'fﬁ er'é”l’ §osnu s and thus regsucq e cwc&atlng glycemia.

25[002601A subject aré:ﬂ2 ]P'Fﬁ_gfdﬁﬁbsc 00se the best set 6” a}g&lm{;cgl oytcomes and rules for the
subject based on personﬂT nal info

to, a patient, a phy qlmacﬁsalmnmtor fura

rmation. The discrete clinical outcomes are response (ft), non-response
(NR), and adverse drufeaction (ARR), The APR is.canaeniive heatt falle. 02611 After the three
clinical outcomes age c&g&pgmpgpmﬁgggﬁrmgst representative of the medical condition of the subject
are detennined by disqgiminant analvsis . tisRiomarkarsrepieseniative.af30sfficacy of the insulin
sensitivity treatment arg, gluGRsEe Rei - RdIPERESHR ranckiesisint hasdnLeficongestive heart failure
identifies the representative; Rigmarkersas.Brain patiuealic peptide (BMRjanaino-terminal-pro-BNP
(N-BNP), atrial natriuresic, iaet@bdANE)sc i kiapenin:g iy diatc.taty @sjabinding protein. Myosin
light chain- |, Myoglebip:sMiMR-9:iisingdaase hicraarkemsand.thexcanaspending historical data on the
type 2 diabetes, a clustetianahly sisisi3bopakiormaad d=aohisar etais|micaliouteome is assigned to a
centroid of one of the chigtessse38ion 1OH2E B eforetiversaidjectoigitreabetewiitiy-an insulin sensitizer,
the subject is assignedranpesitisrben the probability space based upon the subject's data from the
relevant biornarkers. Thé&febdiiihofthess it ato rgitigdrmpaftddizetetdbelinical outcome
classes is determined usingire-hedrafahebisidistarnet Sfrenrriviiich & frotribiity is calculated using a

Bayesian estimation. Tirbofiestteesf ithigedicetatonttetenis treeprdtratititts tdrresponding to the
three clinical outcome Smﬁlpr:fh(é{mmcs, such ag physiologically relevant information. The user interface may be a touch
screen, monitor, keyboard, mouse, or any other item that allows a user to intersct with a system of

the invention as would be obvious to one skilled in the art.

25 [00238] As shown in Fig. 15, & system can be utilized to manage a reader or point-of-care device.
This can ixhsde management of a cartridge to be inserted into the reader for measurernent of data.
For example, the system can provide the reader & protocol for running an immunoassay of the
cartridige, A system of the invention. can also provide information te the reader for calibration of the
immunoassays run on the cartridge that are run or executed by the rcader. Reader management can

30 also include information for assigning the reader for the appropriaie reading systemn for reading an
immunoassay from a point-of-care cartridge. Reader management can elso include corrective and
preventive actions (CAPA), which is an instrument of infegrated and comprebensive compliance
management. Ao element of the CAPA epproach is an effective and systematic processing of quality
deficiencies, errors and malfunctions with the goal (o provide sppropriate corrective actions and

35  consistently prevent a rececurrence of non-conformance situations. The CAPA strategy was
deveioped by the Food and Drug Administration (FDA) for the inspection of medical products.
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example. The position of the subject is determined by plotting the three probabilities in the probability
space. (00263]The probability space corresponding to three clinical outcomes is graphically displayed
as a triangle in two dimensions. The physician and subject establish rules most important to the
10individual diabetic subject. The rules are to track the NR and APR 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 mle when the subject has a high probability of being a
Nit (00264] In Fig. 18, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
15that starts in the middle of the probability space and then heads towards the ADR condition. In this
example, the subject may notice the trajectory's speed or acceleration and ask the physician if a
change in treatment is necessary. When Subject I's trajectory crosses the dotted line towards the APR
condition, an alarm is triggered. The subject may react by going to the hospital. 1002651 Subject 2 has
a trajectory that heads towards the NR condition. The dose of the insulin 20 sensitizer is adjusted
corresponding to the riffE¥l&statmeREa e’ IS PARCARTP IR stiB] S8 A& the adjustment of the
dose, the trajectory hesBilEhdngaetaware tram caBmish e B pbie ffustrates a method of the
invention for monitorinﬁ“ﬁ’ﬂiﬁﬁéti‘é’%f‘fﬁ%’f’?&ﬁfﬁ e erarsAS NG Sengiiizer and, with the help of a
physician, monitoring & &5 "SR Sﬁsﬁ‘aﬂi'ﬁlog’:l" éﬁ'f:plmrn‘hae“.l §E3?£@%’£EO %':Imz@m Graphical

even less monjlis. )

. 9 o 3 ]
Representation of the '&’ﬁnlca Alitcome ofa Sy njﬂect e example d onstrates a method for
. . wvide better eflicacy and more safety inforrnation. The s erein may aiso decrease the osk 1
conanunication of the Fffeosul S from the mat ematlga[z&pogel to a user. Lhe method is to plot a series of
. . of toxicity slowing approval or restricting use by s 0Se acfoss: popilations, conconii

points and vectors in 3 ghcg RoRlt £0.0¥.2. nolyoen. Lhe vertices.glbe.pelygon represent the
centroids of clusters of disgrefe 0chnical QuicomessJLheResional fag.noiRtssapresents the
probability that the subject data belangs,io.eachcenirid. theRrebahilitv.afthe point belonging to the
discrete clinical outcongg,isdRvarsaMRiapaicaalvthed siance-Qfthatfpoint from the vertex. Since
the vertices represent alhifig sighnificant clinicakauicameasdhesumeidrenprebakilities for a given point
must be 1. (00268)A setpf:Meeials ivaieaira-uhareeaths valde.ah a-weatenepgpsesents the probability
of 35membership in eagh-akihe.Glusiass.: ks snatulus (nagnudeyet-the yaiues is the probability and
the argument (angile) efdhenectanrEois dampaHex;wdichxa-easadbysspased. The vectors are
summed and the resultiagspointisidocated, i tienpo mpoesitesprobabiity:spaga«xiT able 1

system can also conduct storage management, for example, storage of a patient’s individual data or

storage of information related to a particular disease or drug profile. For example, if using & systeru

and/or method of the present invention to conduct & clinical trial on an experimental drug, the data

20 management and storage management systems can receive data from the point-of-care from a

reader, and then store the information in databases for anatysis of the data. Both the patient data and

the analysis data may then be stored for future use of & systern. For example, if one side effect is

noted in & patient in Phase [ of a clindeal trial, thet side effect information may be used for the

analysis of results of a patient in Phase I of the ciinical trial. As another example, a diabetic

25  individual may receive 2 glucose measurement at an easlier time, which may then be used to

evaluate the condition of the individual at a later time following another measurement.

EXAMPFLE 1
100241} Prostate cancer and anti-angiogenesis treatment
30 [00242) A Phase I or Phase IIa clinical trial for treating a subject diagnosed with prostate cancer with
an anti-angiogenic drug allows Tor dose adjustments during the trial. The subject is monitored over 2
course of time during the clinical study. The method of action of the anti-angiogenic drug is to halt
the growth of blood vessels in and around the tumor, thereby depriving the tamor of adequate blood
supply. This may induce ischemia and nutritional necrosis 111 the tumor, thereby debulking the

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

[00244] Six biomarkers representative of the clinical outcome of the subject with proslate cancer are
chosen to define the discrete clinical outcomes. The biomarkers are FSA, TPS, hK2, VCAM-1,
Endothelin-1, and 6-keto-PGF-1-o. Using these biomarkers and the corresponding historical data on
the progression of prostate cancer treatments with anti-angiogenic drugs as well as data from other
subjects in the clinical tial, 2 chuster analysis is performed. Bach discrete clinical cutcome is
assigned to a centroid of one of the clusters.

[80245} 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
distance, from which a probability is calculated using a Bayesian estimation. The result of this
calculation returms the four probabilities corresponding to the four clinical cutcomes of the example.
The position of the subject is determined by plotting the four probabilities in the probability space.
{08246] The probability space corresponding to four clinical outcomes is graphically displayed as a
square in two dimensions. The vser of the model, in this example, medical personnel, establishes
tules for the medical condition of the subject based the subject data’s pogition and/or trajectory in
the probability space. Each discrete clinical outcome has & 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 fowards the CR or PR conditions, the subject is sabstantially free of ADR and has improved
his/lter prognosis,

{08247 In Fig. 16, the trajectories of two different subjects are plotted. Subject 1 has a tmjectory
that starts in the middle of the probabilily space and then heads towards the ADR condition. In this
example, the medical personnel may notice the trajectory's speed or aceeleration and intervene in
the treatment. When Subject 1's trajectory crosses the dotted line towards the ADR condition, an
alarm is sctivated. The medical personnel react accordingly.

{00248] Subjeot 2 bas a trajectory that heads towards the NR condition. The dose ol the anti-
angiogenic drug (reatment 35 adjusted corresponding to the rules established by the medical
personnel. After the adjustment of the dose, the trajectory heading changes towards the PR
condition. The example iilustrates 2 method and embodiment of the invention for monitoring a
clinical irtal,

EXAMYLE 2
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[00249] Sepsis and Auti-TNK treatment
[06250] Subjects with confirmed or suspected sepsis or systemie inflammatory response syndrome
{SIRS) are treated with an anti-TNF {herapeutic during & Phase ITb (dose adjustment allowed) ora
Phase 111 (no dose adjustment allowed) clinical trial. The subject is monitored over a eourse of time
5  during the clinical study. The method of action of the anti-TNF drug is anti-inflammatory. The drug
is simed at preventing or circumscribing downstream sequellae of sepsis. Typically, the anti-TNF
drug is given in conjunotion with a broad spectrum antibiotic.
[00251] After the method of action is determined, discrete clinical outcomes are chosen by a
physician. The discrete clinical outcomes chosen in this example are response (R), non-response
16 (NR), and four sequellae (disseminated intravascular coagulation {DIC}, acute respiratory distress
syndrome (ARDS), acute liver faflure (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 exampic, the biomarkers
fali into multiple categoties to monitor the different discrete clinical outcomes as defined by the
15  physician. Lipoprotein Binding Protein (LBP) biorarkers messure infectious growth and the R and
NR conditions. The L.BP 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 Willebrand’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 biomarkers of the ARF condition 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~TINF therapeutics as well as data from
other subjects in the clinical triaf, a cluster analysis is performed. Each discrete elinical outcome is
25 assigned to a centroid of one of the clusters.
{00284] Before the subject is treated with the dg, the subject is assigned a position in the
probability space bused upon the subject’s data from the twenty biomarkers, The probability of the
subject belonging to any of the discrete clinical outcome classes is determined using the
Mashalanobis distance, from which a probability is caleulated using a Bayesian estimation. The result
30 of this calcalation returns six probabilities corresponding to the six clinical outcomes of the
example. The position of the subject is determined by plotting the six probabilities in the probability
space,
[00255) The probability space corresponding to the six discrete clinical outcomes is graphically
displayed as a hexagon in two dimensions, The physician establishes rules tracking non-responsive
35 subjects and possible advent of sequeflae. The rules are plotted on the hexagonal graph as lines as
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1010780105508 1000000 5(002691 For example, in Table I, 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 "It" is 20%, that it is in the
cluster "NR" is also 20%, and so on. 1002701 For the data in the table a graphical representation is
created as 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

10

15

20

25

30

35

iHlugirated in Fig. 17. The medical condition of the subject is based the subject data’s position and/or
trajectory in the probability space.

[60256}In Fig. 17, the trajectories of two different subjects are plotied. Subject 1 has a trajectory
that starts with a high probability of being a member of the DIC condition. However, as the
subsequent time points are taken, the subject trajectoty moves away from the DIC condition and
towards the NR condition. When the physician potices the trajectory’s speed and heading, at T = 6,
he raises the doge. At'T = 9, the subject’s position in the probability space has a high probability of
being part of the R condition. The physician sssesses the medical condition of the subject at any
point in time atong the subject’s trajectory.

{00257 Subject 2 has a trajectory that begins in the middle of the probability space and heads
towards the NR condition at T = 1. However, at T = 2, the subject's position and trajectory are in
viplation of the nule established by the phiysician and an alarm is sounded. The aluru alerts the
physician that the subject has 2 high probability of suffering from one of the dangerous clinical

outcomes of sepsis.

EXAMPLE 3
{00258] Diabetes and Insulin Sensitization
{80259} Subjects with nop-insutin-dependent Type 2 diabetes are treated with a commerciaily
available insulin sensitizer and are monitered for efficacy and safety wherein the primary ADR of
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 insnlin sensitizer involves re-establishing insulin
sensilivity in the subject via antagonism of a nuclear reecptor in the adipose tissue and the liver. The
insulin sensitizer and method of action act fo increase glucose uptake in the peripheral Bssues and
ihus reduce the circulating glycermia.
[00260] A subject and a physician choose the best set of discrete clinical outcomes and ntes for the
subject based on personal information. The discrete clinical ontcomes are response (R), non-
response {NR), and adverse drug reaction (ADR). The ADR is congestive heart faifure.
[00261} After the three clinicel owlcomes are chosen, biomarkers most representative of the medical
condition of the subject are determined by discriminant apalysis. The biomarkers representative of
efficacy of the insulin sensitivity treatment are glucose, insulin, adiponectin, and resistin. The ADR
of congestive heart failure ideniifies the representative biomarkers as Brain natriaretic peptide
(BNP), amino-{erminal-pro-BNP (N-BNP), atrial natrivretic factor (ANF), IL-1p, Troponin-C,
Cardiac fatty acid binding protein, Myosin light chain- i, Myoglobin, MMP-9. Using these
biomarkers and the corresponding historical data on the type 2 diabetes, & cluster analysis is
performed. Each diserete clinical outcomme is assigned to a centroid of one of the clusters.
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-41- 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. 1002711 Additional
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 centroids. 5Fig. 20 illustrates a
graphical representation of the cluster data points. EXAMPLES [00272)Drug development is an
extremely risky proposition. Over the last decade, the failure rates forcal 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 faulty hypothesis as
to a target's role in the evolution and pathophysiology of the disease; the testing of that hypothesis in
an inappropriate, and non-predictive, animal model; a faulty hypothesis regarding a compound's MOA;
inappropriate dosing schedules for individuals within target subpopulations, including inappropriate
pharmacokineticsiphammcodynamies (PK/PD) 15 characteristics; and developing untoward

physiological effects (fBP2ERETTHHE “Adverae B‘f’gﬁg‘“ﬁ? é@fﬁﬁsﬁf AL f’§6?f’15§1f’§3§ments of the patient

population and thus dé'(f’l%"gﬁ’fb ?s‘fﬁ%"ﬁde“?&“ﬁ%ﬂibfg_lﬁﬁte’x°fxbr tﬁgﬁi%réﬁha’ e|tFl“’f’fﬁbr;ﬁWpopuIation. 1002731

. e gubject bel n, of the disareta clinicel outcome classes is sing the, . .
This example demons{fBTE BRI TY 08 TBIGMETKERTO) 8 Combatind Within,a particular therapeutic

area to: (a) validate,tne WEGSTNInG IRaIResh Tearting T et alalon fo the test 20
compound; (10 identify, and then, enrigh, e, apRIRRYASE 1§ S0RAJRLSHRRORuIation in a confirmatory
trial; and (c) develop a trg&i@gacgtive dosing protocol based on the individual PKs and PDs of the
responder population. %Zﬁf@bgﬁ@gmﬁq&%g&gimm@cwgghjg@qgmmgaemergence of these
characteristic subpopulatians.saslier.ratherthanlatet. .ailiciently marage.and control the clinical trial
and allows 25the clinicalsgseaseh igam-make. Riesisedeaisions.deganting. tiakmanagement. On a
patient by patient basis¢ilidyhamicatyidentifiesdas: compoune siekiestanoneparticular trial subject,
and then physically titrating-<dhai- pationtsdesiag Lginan te ascommadateatsuly adaptive "Learn and
Confirm" model of drug<dgamalopment. (00275! Longitudinal sampling of proteins is performed with each
patient, wherein the pretesns 86 1sepresesntsbothdire-pathophysislogi-oftithergisease and the method of
action of the compaunédwAesianeaird-clusieraRralysieds-applied:at Bach sample time point in the
longitudinal sampling space, thatiis sonsistentvwiths threl evahttitm amastiyrrtiriestef the pathophysiology of
the disease, and the purpaitecinvethedof detdrriarid Ribof dretbstedipoardde [00276]
Identification of the dynéredtof théreincrgehBe Bi-geparatey sttspdpteatibns within the trial 35sample
population can be perféfRiBaipithhtreletnmnpreeretar e ifsteiiy Setistty: *ehbic Clustering Criterion
(CCC) and the Psetidosiiivsd el prermecdipgh tisalps StEpiin trriHim ittt sPet/Sters emerging within the

geom etry as demonstr ﬁfé@l‘ﬂ‘?ﬂll‘@ thﬁse. the trajectory heading changes towards the R condition. The example
illustrates a method of the invention for monitoring a diabetic subject takiog a commercial insulin

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

25 EXAMPLE 4
[06266] Graphical Representation of the Clinical Qutcome of a Subject
(80267} The example demonsirates a method for communication of the results fom the
mathematical model to a user. The method is to plot a series of points and vectors in a space
bounded by a polygon. The vertices of the polygon represent the centroids of clusters of discrete

30 elinical cutcornes. The pesition of the points represents the probability that the subject data belongs
to each centroid, The probability of the point belonging to the discrete clinical outcome is inversely
proportivnal to the distance of that point from the vertex. Since the vertices represent all the
significant chinical outcomes, the sum of the probabilities for a given point must be 1.
[00268]) A set of vectors ig ercated where each value of a vector represents the probebility of

35 membership in each of the clusters. The modulus (magnitade) of the values is the probability and the
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[00277]The end-user uses both the statistics highlighted above and a visual inspection of the cluster
scatter plots to make the final determination as to how many distinct subpopulations exist in the 5
clinical study. Guiding this determination will be a fore-knowledge of the number of treatment (cohort)
arras, and any fore-knowledge as to the character of a possible APR. The methodology will suggest a
number of clusters to the end user, and will then present each patient as to his/her cluster assignment.
The cluster assignment and the known assignment of a patient to a treatment cohort or ADA outcome
are then used standard assignment statistics to calculate both the sensitivity 10and specificity of the
assignment rule, 1002781After determining that the clusters are reasonably specific, the dynamic
trajectories of the centroids of each cluster are characterized, their separation speed, and the
distribution of speed and directions of each patient in each cluster. If, for example, one cluster of
patients is fairly homogeneous in that they were all exposed to the compound at a given dose, and if
the distribution 1Sof distances, speeds, and directionsélsuggest that some matxmti) slow responders,
then the end user may” FEEHEHA S SRR TS SROUT racave s higher dose; %002791 Based on the
assumptions developeB*fferEiiremgifics" po'ﬂbhﬁfﬁ‘f‘f’é’ﬁ“esig "Virti&f patients are created for each
hypothetical patient subclass. A time dependent Monte-Carlo-simulatienis-rur-te-tdentify the emergent
clusters. After the simulation ig tun, a new set of measwegiorswane covariance 20structures is
established and the simulation{ studies are repeated, The sensitivity and specificity of the clustering
assignment rule for eagh, dypamic isy;measuregdgand graphically plokss 4 recejygs gperator curve,
wherein the diagnostic variable will be the time atjwhich the ¢lusters were suggested. [002801 Results
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3 {00269} For example, in Table 1, each row represents the position of one point, The columns,
labeled at the top, represent the probabilily 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 50 on.

{00270 For the data in the table a graphical representation is created as illustrated in Fig. 19. We see

10 that the surrounding polygon has five vertices, each jabeled as one of the columns in the tabular data

sbove. The first point of the sel, 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
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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 of clinical relevance (for example, increasing refractory response) to further aid in clinical
decision making. As demonstrated herein a real-time feedback monitoring 10system can account for
the periodicity of the dosing regimen and characterizes any clinically trends in the data. [00284] The
system can be a statistically valid and robust methodology which dynamically characterizes the
time-dependent profiles of molecular maskers of drug activity in periodically treated patient
subpopulations which them uses that information as a real-time feedback monitor for 150ptimizing the
therapeutic regimen. 1002851 The protein profiles of a treated population act in accordance with the
underlying hypothesis regarding a compound's mechanism of action, they should, as a conglomerate
pattern, reflect the periodicity of the treatment regimen, and taken as a Whole net as a Type |
biomarker for compouﬁ&h&éﬁwgf’é’flﬁféséﬁém@ﬁ&ﬁﬂi&dﬁ f’l()‘“r‘félqlly""?‘t"rfi’é""r PR BiRfince that the periodic
expression of these 20BP6TT HrotETFe CHan ‘g&a\xﬁfﬁ‘ fhe the f”rend of that ¢ E?‘an e allows a clinician to
adjust the dosing regi ’ﬁ”f?)dfhé‘i?ﬁl”?{“ t“’ﬁ°1“?‘e ey and “‘°c§h9 g‘iaccdﬁ/l 18]|ze the therapy. [00286]
th data the ret cli Jcal nu clusters and centroi
Applying a time seriestBasET SAHSHEA Methodo ology 10 1 ehafongltuceilna (within an individual patient)
protein profiles systemaguca]ﬂméec’iégﬁ’nf% rf’ges t'a‘etwfcl)‘énool“ ICIty ofa given dosing regimen within an

individual patient and using that information to ideptify,.and characterize the 25 emergence of any

clinically relevant trenqg n the response., This.knawlsdds. ca en feuseghioaoth monitor a
therapeutic regimen in,an; A&qﬁmm@;ﬂm;&%ﬁm ang.managedhe.dypamics of an adaptive
clinical trial. 1002871By,develoning.a validlanaiudingl, Tyke J Riomarkeardor acempound's activity in
the context of a periodig, desing: FRaimeRAWl @ Malidataha.waderyingbypathesis regarding the
30method of action forghg.testeQupetipte{h) depif.pate atialy relevnanhaliniealyconditions
comprising: growing reffaciayiness iciha-compoundyiargatyesponsasteidhewagimen, and then adjust,
as appropriate, the fre g sy RELOSAYES Obihe:it patmantitsainaneh{e)sderelop an adaptive dosing
protocol based on the meiwdusklRsighthesespondsapapaiation 308R88k Using real-time monitoring
and feedback to identifeiaesemengence-pi-ikgseraharactenshividsedynaniosards the clinician to make

more precise decisions«egatdimgpaticht dreEtment and/or trial management.
{06273] This example demonstrates using 2 Type | biomarker for a compound within # particular

therapentic 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
wiak; and (c) develop a truly adaptive dosing protocol based on the individual PKs and PDs of the
resporder population.
1062 74] A real-time monitoring system is used identify the emergence of these characteristic
subpopulations earlier rather than later, to efficiently manege and control the clinical trial and allows
25  the clinical research team make precise decisions regarding trial management. On a patient by
patient basis, it dynamically identifies the compound’s effects in one particular trial subject, and
then physically titrating that patient’s dosing regimen t¢ accommodate a {ruly adaptive “Learn and
Confirm” model of diug development.
[08275} L ongitudinal sampling of proteins is performed with each patient, wherein the proteins
30 represent both the pathophysiology of the disease and the methed of action of the compound. A,
standard cluster anatysis is applied at each sample time point in the lonpitudinal sampling space that
is consistent witl the evolutionary dynamics of the pathophysiology of the disense, and the
purpotied method of action and PD of the test compound.
[00276] Identification of the dynamics of the emergence of separate subpopulations within the trial
35 sample population can be performed with two complementary clustering statistics: Cubie Clustering
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[00289]A statistical Time Series analysis is used to characterize the periodicity or seasonality of
marker proteins in a patient subjected to periodic treatments similar to those employed in cancer
chemotherapy, weeldy 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 diffcrencing 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 bioraarkers overtime. If two or more proteins markers are identified as
matters, any temporal relationships between them (for example without limitation, the levels of drug in
the blood and/or clinical readout) can be identified and characterized using 10Distributed Lags
analysis in the same modeling context. Each analysis depends on explicit characterization of the
time-time correlations observed in the time series, the Autocorrelation Function (ACE) and its related
Partial Autocorrelation Function (PACE)). Each of these functions can be represented as a vector of
correlations which are $eifet6Ha 88’;5%% SRS IS Ay BERR BH TeaSUTES. The functions can be
used to identify linear (FERAE" R ga’af‘éy Rerlélallca%%]lﬁ% e data, and 15non f{pear curvature dynamics in

the data. The fimetion< themsalv “é°s c n'}g)e wsfﬂcéﬁ ﬁw or qsglgcgjo]ﬁnﬁgng Jstgrams called

correlograms. Once themld’r ta‘sltscﬁlé trgungeamﬁgoq: Wﬁeﬁggﬁrlg‘o ic &eé’z‘&%%n@éﬁo . the individual spikes in
the marker profiles are, anglyzed fo See 1t The. compauiad Js. WOl Rgxas, SxRekiSH. [00290]The first step
involved in deve'op'ngmlsggll&ma%&ﬂx&ﬁo'é@mmq& 1hese Riateins.dhal besi20 represent both the
pathophysiology of the glisease.andheLupaciec method of.action.ofbe.campound. Once
established, these protging,aksk SAIHRIR S J0RG iuadinaliio eachpatiant 1o 2klkBased upon the
expected seasonality ofdhekgatmaniiegimen and the frequency of the therapeutic dosages, an
appropriate sampling fiResiaRe Y-is-esiahlishrsdaLasure fhatthensuspasiedsperodic expression of the
marker proteins will be-Gapiirad itha-sampiedaiasais. Sei002BATrensyst@miautomatically
generates and inspectsseiiierenog:tin e SeEes: Witk QxlpOsmbuedagrdifiessnses comprising ARIIVLA
(0,0,0), ARNA (0,1,0), auckeAehd Mlifet(@;2:0)-neocels Bneeompases deenm foriieibest fit through Root
Mean Square Erronsthec:apes epriaieljrde-trerciiig drereatests mrakesthe sersstationary. Once a
stationary series has beereéstablistedthedetrerighrgeprarameters comprising the slope of a linear
trend line is estimated {8t ihe darasantbatrAGE e d" P ROPYsrH e TESRtE Fary series is generated.
100293j Any periodic exprtSstorpaitisrreinretitentifedenirdiardeteizddoaisttie period of the peaks
and their subsequent dmﬁmegg%ﬁ%?ﬁﬂ‘@%?‘M%i?%hW MBS wbHiBStrating a time series
of a biornarker valu@ versts frertiie Bt trrEHioterasy Ganvely =ty WrEH multiple time series
are involved comprisin{*RiBe & ST {5 RS tETH AT RSIE SR d/OF SE IS SFEdRBBtMdS in the blood, a
distributed lags analysi&"& PriBtEs TR tﬁﬁH’Eﬁaé?gwg’?‘i‘@mfﬁ‘é“&ﬁffeeﬂiﬁtlons between the series
and their lags. The mefﬁ"&"cﬂ ”é;il fa‘éﬁ‘t’ﬁetdfﬁ‘“"‘sd’gﬁ’g{‘mé’s" orihe-ehier Eence o?dproteln marker wave
trains and to relate these Bk TO Ry Tafevant e Vents a aq’&’?mwmfe d%ﬁil&l‘ qﬁedule of the regimen.

demonstrates a ciyna.nuc sul populatmn cmergence ased on cluster

J—P""'

ysis of a
simulation of a two-cohort clinical design. At Time = 4 there iy significant evidence for the
emergence of two clusters while by Time = 8 the bifurcation is ceraplete and the sensitivity and
specificity of the method are botk 100%. Fig. 22 demonstrates plots of the cluster calling statistics
versus the hypothetical number of clusters at Thme = 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 clinical study.

EXAMPLE 6
{00281] Mentification of type 1 biomarkers Indicative of perlodic dosing regimes
[#0282] Periodic dosing, as a therapeutic strategy, is a mainstay for the treatment of many chironic
35  disesses or conditions. Foremost among these are anti-cancer chemotherapy regimens and

treatments for sutoimmune diseases. Whether therapeutically or in the context of an adaptive
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[002951A 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-chug attenuation, and a stationary time series
with linearly decreasing peaks, to model patient-drug adaptation or up-regulation of metabolic
pathways. EXAMPLE 7 to [00296] Time to Fever Spike and sepsis from time series measurements of
Levels of Circulating Pyrogens and other biomarkers. [002971A patient with Acute Myeloid Leukemia
(AML) undergoing in-patient chemotherapy was monitored using the methods and systems described
herein with sampling of blood every four to eight hours. The patient's temperature was alto monitored
frequently. 1L-6 elevation (> 1000-fold 15 between consecutive measurements) was found at time
designated zero in Table 2 and a significant decline >30% between consecutive measurements 14
hours later. Fever was first noted eight hours later. The methods herein would have anticipated the
subsequent recognition of sepsis by 8 hours. Table 2 Time, hoursEvent 0.0First elevation of IL-6
8.4First fever 14. 3S|gn?ﬁtf%iﬁ*ﬁ‘d‘@éﬂﬁé“i??‘b?’@?@fﬁ“@“??‘%@ﬂﬁ’ﬁﬁ SRR PP fent admitted to ICU
20[00298] The systemeiefiities W@?Q&ﬁ%ﬁiﬁ“ﬁé‘f@%&ﬁ%ﬁ‘é‘ﬂﬁ?ﬂf‘%r spike during aggressive
chemotherapy of Ieuké?ﬁiﬁ“‘f‘@éﬁﬁﬁ@‘ﬁ?f‘?@(‘)’éﬁ‘%‘i’ib”ﬁf‘gfﬁléﬂ’@é?’ii/‘"%hg‘ﬁgée ‘T’es‘“hls of circulating pyrogens
(Protein-C, IL-6, II- Ibetﬁ""“’l"ﬁl“—“"’C ’ﬁ‘é“'i‘f_“ffffh‘l‘ ““’l"‘s"l’bec@rmedh §wea§;§bgﬁﬁ‘§os}§gdard statistical

modeling methodoléglé‘?“f ys’teem canmgre nera de'f nygﬂeﬁ'styat'ops "Where sepsis occurs. It
can also be employed fSF8Her orfe Where |%nmf qt (fa ase processes and outcome of

25therapy can be bené%émy\ﬁ) N(%é ecie;@f)zébl lence gg ggg;lgsgogggn involve using
easy-to-measure variables, called factors ar ing %gmmtrggu@p e faciars.a.axplain or predict the
behavior of other variaBles.called fesRonsss.hen, the.dactars.arefewsinaytaher, not significantly
redundant (non- colllne@a‘a &nd have a well-defined, functional relationship to the lespouses, one can
use multiple linear regrgssion IR«AGvChalacierizedhatselationshin.:deweyer, if any of these three
pre-conditions should fgjl,uuliRle.lReakIS SRS IRR-MaRIY &Q-heyppfliaiant or statistically
inappropriate. In that casgs RS MANSRRIGY BRaliasnatie.modal kadilding stategy termed Partial
Least Squares Regkessi@R.inf bisdaeiiegalagy is particularly useful when there are many factors that
mlg ht be hi g h |y CO-lineasautk protein profiles of a treated population act in accondance with the underlying hypothesis
regarding a compound’s mechanism of action, they should, as a conglomerate pattern, reflect the
periodicity of the ireatment regimen, and faken as a whole, act s a Type 1 biomarker for compound
activity at the site of action. Additionally, if there is evidence that the periodic expression of these
20 profile proteins changes with time, the trend of that change allows a clinjeian to adjust the dosing
regimen for example in frequency and/or dosage to individualize the therapy.
[00286] Applying a time series-based statistical methodology to the longitudinal (withio en
individual patient) protein profiles systematically sccounts for the periodicity of a given dosing
regimen within an indivicdual patient and using that information to identify and characterize the
25  emergence of any clinically relevant trends in the response. This knowiedge can then be used to
hoth monitor a therapeutic regimet in an individual patient and 1o design and manage the dynamics
of an adaptive clinkcal trial.
[002871 By developing a vakid longitudinat Type 1 biomarker for a compound's activity in the
context of a perlodic dosing regimen will: {a) validate the underlying hypothesis reganding the
30 method of action for the test compound; (b) identify potentially relevant clinical conditions
comprising: growing refractoriness to the compound, target response to the regimen, and then adjust,
a3 appropriate, the frequency or dosages of the treatment itself; and {¢) develop an adaptive dosing
protocel based on the individual PDs of the responder population.
[00288] Using real-time monitoring and feedback fo identify the emergence of these characteﬁstic
35  dynamics aids the clinician to make more precise decisions regarding patient treatment and/or trial
mARdgerment



5when the relationship between independent variable factors and dependent variable response is ill-
defined. The aim of this type of analysis is to construct a good predictive model. 1003001 Anticipating
the time to a Fever Spike based on statistical models using levels of several circulating pyrogens. Fig.
26 demonstrates the relationship between parameters computed from circulating pyrogen levels
measured over time and/or and the time-to-spike (also labeled Lead 10 Time). The rate of change and
shape of the parameters over time is determined by the incidence, time of infection, extent of infection,
numbers of organisms, virulence of the organisms, and the condition and genetic make-up of the
patient. The activation threshold is the point at which the body physiology begins to generate a fever
spike. The detection threshold is a parameter level at which some therapeutic intervention is indicated.
The system determines the relationship between 15the pyrogen levels and the dependent variable in
the model, Lead Time, enabling prediction of fever spike early enough to intervene with beneficial
outcome. [003011This method and data provides enables anticipation of the time patients are most
likely to experience a f8%8Y sk Thesplafeiai i et Bréeiptaarsraiidliorate the onset of the
fever event, for exampt& 5P BreVAARTE prEEHS Rt AT AR ErAY PO TOURE2) The treatment of
patients with Acute Mﬁfﬁtﬂ;‘@%ﬁé"ﬁ’éﬁ%‘ﬁ’iﬁm Re sy e SEmpiiRedSe. Such patients are
often treated with a coﬁ”r‘%? BYTHHON & “é“r‘ﬁo Yerapy (f-patient cii he e odf garaéy typically using more
than one drug and inteided’ f?eﬂﬁiﬁ%ﬁ ::pat(l:a m%ﬁ:é% vcﬁg un eswg: |ge gLfect of the induction

chemotherapy is usual Mfé"gt[ll aptr?%epla OCCU‘IJ’S ause m@g&p&&m&croorgamsms can

ers over tme, I two Or more p

invade the patient due smﬁﬁ ",z,ggtlvatuonﬁl UQHI qq,ﬂ.vsspmmm;x&59&4&@,&nﬁmgam%@py The definition of
measures greater t!aa%&&@@{g%&%w&@mﬁ@ga&nqyshg@g@dez;wg&Q@ﬁﬁcutlve patient
temperatures measureg,greaie) kLt -JLAieesHalaSimt Q33 L ELVek:as a defense mechanism,
results from the effects:gxeriaehan thadyRaihalamusDycitedatinoeyicinasakalled pyrogens. These
cytokines emerge from.ihe-ipRmune.systern duingmn3tntlanpataiyrrspense. The best known of
these are IL-6, IL-l betaypang THbincalp havelhapuaipote: ehthistexampla-is itddentify a pattern of
circulating pymgens le agliag up-ie: d-teues spike Tanditioptsemmbulidia-modetdaat best anticipates the
time-to-spike. [00304) Hhgmpihodsidevielapatdithe studies may Redgereralizdad to generate a
monitoring means in othexkighssigiodiseasegtatesair threrdpeutisoptocetures. 35[003 051 The
system builds a statistiead®odel characterizing the relationship between the time-to- spike and the
circulating levels for twig*paittictrerpyrdeorisyeliei@ ettt ydtde T Syseetrs frhite -47- independent of
measurement meatfs, rexjiirees trogtreiticearnidinderin At be preried prtioteter e fever spike (anywhere from
3 to 6 measures per dayrIob3OB e et rrel isvorrErdebatsiintithe methodology requires one
characterization of fevet"i e e erreateotie s A Ty 48 Trges U s possible, the time of

the first fever event. therapeutic dosages, an appropriate sampling frequency is established to ensure that the suspect
periodic expression of the marker proteins wili be captured in the sample data sets.

25 {00292 The system automatically generates and inspects difference time series with 8, 1, or two lag
differenrces comprising ARBVA (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares
them to the best fit through Root Mean Square Error, thus appropriately de-trending the data to
make the series stationary. Once a stationary serics bas been established, the de-trending parameters
comprising the slope of a tinear trend line is estimated from the data, and an ACF and PACF for the

30  stationary series is generated.

160293] 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 biomarker value versus the time of chemotherapy delivery.

[66284] When multiple time series are involved comptising two or more protein markers and/or

35 levels of compounds in the blood, a distributed lags analysis is performed to identify and
characterize the correlations between the series and their lags. The methodology idenlifies the
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5 The definition chosen was that either the patient's temperature measures greater than 39 degrees
Celsius or in a six hour period or two consecutive temperatures are recorded greater than 38.5
degrees Celsius. 100307] Individual patient data for the circulating levels of IL-6, IL-I beta, and
TNF-alpha and other biomarkers were recorded in a database, based on the sampling interval. The
samples in the study (3 10 measures per day at 8-hour increments) were subjected to post hoc
analysis, and used to populate the model. [003081 These markers were selected based upon a
number of current studies which show that patients with Sepsis Syndrome have elevated levels of
circulating IL-1 beta, 1L-6, and TNE-alpha when compared with critically ill patients without sepsis and
normal controls (Casey, L. Annals of 15Internal Medicine (1993) 119;8:771-778). [00309]1L-6
predominately regulates the synthesis of CRP made by the hepatocytes (liver) in the acute phase
response. Transcription of CRP is also regulated somewhat by 'INF and IL-I. CRP is a pentraxin
protein which binds to phosphocholine on bacterial cell walls, endoq) nous cell membranes, and
apoptotic bodies. Ianar‘H’Pﬁ’%ﬁ&W‘&fﬁfﬁ%ﬁW T ERtORT Capers, ' s e ages 6R ARd 20 autoimmtme
disorders, traumatic |nj’ §ﬁ’ﬂ“ LA fd sd’f""i‘}“‘”ﬁes EWP i segﬁp in increased amounts making it a
useful biornarker in mdhi gﬂé"e "%’l%maﬁdnl‘h sction. CRE produc |on;|”§ nqt affected by neutropenia.

There is an abundancé g 'f“fffier 121?‘?:’ ict §l£§;§t§mmmgm?r3\{lelsmgu Ing.newiopeaic fever and in

diagnosing the severity q‘ Tel nje Inci pgkrslqeﬂgmlpm i Laotein G s antl:cpagilant protein that is
synthesized in the liver, Bl Taéys an |mportant role 25ih malntamlng coagulation homeostasis. Protein C

is activated by thrombin |nto an active protein which along with protein S and phospholipid as
cofactors, it cleaves coagulation factors VIII andg¥,bamg nhibiting coagulation. Recently, Protein C's
anti-inflammatory respeesgghave-begh discareret-dA3dhhRaticaiswithcsapsig and septic shock
have Protein C depletigpixhiah smayidaaasa role in the 30 pathophysiology of sepsis. Improvement
was seen in a specific puhgrupaipatienislycanntemciirg.tyoieinGaeptetieon by the addition of
activated Protein C. Pratgiffastam: hedsadasmacbitn arkerindhieghagrasis @k sepsis in patients and as
a therapeutic agent Onassiudyiepind thab-oansentralions chdnatairs -are Propostionate with severity of
neutropenic sepsis at fexvenenset-{803t2dtdHen aaid teukemnid patitnts relcerifrgichemotherapy were
enrolled. Blood sampleg-wert Bittakemevery-8uvourdpriotas fiverondetgfitd fever spike and then
every 6 hours until the erdieftiesigs wotidenrstitoreeribarBiomrrtker mialysisWas performed on these
samples. Patient sampling of 8 hours prior to fewet¥ptke and 6 hours alter fever spike observed.
[00313JA Partial Least Sgukerss model wBS"tonstructed based on the pre-spike (36 hour window)
measures for IL-6, IL1-beta, and INF-alpha and their sample-to-sample fold changes. Given the

0.0 First elcvation of 1L-6
84 First fever
14.3 Significant decline in protein-C

223 Septic shock
7.2 Patient admitted to 1CUJ

20 00298] 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, TL-6, Il-1beta, TNF-alpha, IL-10). This is performed by employing standard statistical
modeling methodologies. The system can be generalized to other situations where sepsis ocours. It
can also be employed for other situations where significant disease processes and outcome of

25 therspy can be beneficially projected.

[(6299] Science and engineering often involve using easy-to-measure variables, calied factors or
independent variable factors to explain or predict the behavior of other variables, called responses,
When the factors are few in mumber, nol significantly redundant {(non-coilinear), and have a well-
defined, functional relationship to the responses, one can use multiple linear regression to
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5 data set derived from this study, a minimal sampling period of 8 hours and a minimal window of 36
hours pre-spike is sufficient to derive an anticipative model of the time to spike. [00314] Quantitative
Biomarker concentration data was derived using well known ELISA immunoassay known to measure
IL-6, ILI-beta, and 1NI-alpha. Concentrations measured in pginalL, and sample-to-sample fold changes
in concentration were recorded and analyzed as follows. 10[0031591The concentration data were first
visually inspected for Gaussian normality. Because they were log normally distributed the data was
transformed by calculating the log of the raw data measures. Based on these measures, an initial
Partial Least Squares regression model was built that included all three pyrogens and their fold
changes from sample to sample. This model characterized the amount of variation accounted for in the
covariance structures of the dependent vectors (times- 15 to-spike) and the independent vectors
(pyrogen levels). In this data set there were more independent variables than degrees of fieedorn. To
address the problem, standard statistical model building toots like toe-down elimination and bottom-up
addition were employed 153 P8 T FE RISl TS TR ESTAL B AG =) BET® and their sample to
i c i we to be inefficient O¢ statistically inappropriate. Iy that , Ope Id .

sample changes) accolifit&d 7 e sEreEtage of Sy&g%ffo in the who e Model covariance
structure and the 20pe‘?3"é°ﬁf5§§” Sffetf%a\lfgﬁg ce.i the ﬁg@?ﬁﬁ?j@ﬁggﬁe-‘;o-spike). Using feature

. methodolegy 1s parti y usefal when there are many Ia thalmi ¢ highty co-Nticar, an
selection processes, corppiisitia 8nd nof limited Fo hoffom b, model biding.apd top down model
building, a series of seyen syb-mafiels werg develoned, |04t 44Lhg chosen model included
l0g(IL-6), log(IL-1 beta)Jag(sAMRIS:Io-samale ald.chande QiaaiNE-aloha). and accounted for
93% of the total model govarance. 3002l a%.ldNS.NAHR0GE2RIIRe-AeRaRdent variable
(time-to-spike). 1003181 Lhe mrodelds.giveny:d. siandasd multiple Jingaldegression equation with the
following parametef,SetiitetCant Faal s sagfibe phmad Qi g ileb-Lolshrhange).= 2.4; log(IL-1 beta) -
-0.3; and log(TNT-alphg)e dhékikash: MRS e s pakRkil) tnemeasyie-atthe observed time-to-spike.
For example, 24 hoursfsiahta thedaverspikeytheregiefithe-goneentsationstafIL-6, IL-1 beta, and 30
their sample-to-samplesigigchanges fram.the-30me Undimeipointanie acded o the model using fitted
parameters, meaning thg-coefficients:efthe lineedmte eh-40034@dkheifiial tmedel was selected from
the seven total subsmodais-Berausesit aesaunted: fiokthehighdast lemrsoftenptreentage of variance in
the dependent vector. Te-fina-moderinclildedidd(itdy; log(IL-1 beta), and the logs of their
sample-to-sample fold @amthe sts! g titipeattsr scoftmdatioe SSsiiketiatre gidddf the anticipative window
of 36 hours was selecteurtiryifrcalreihnee tsubasermritaditeatothaeanatip&tive window. The
selected model equaticis g idpgeroohyiactiipiBiofhenike=36.6-8*log(IL6)+2.4"Log(IL-6 fold
change)-0.3*Log (1124 HE 2 a=ay PN T IS THO$20T FrETELUS 0TtHE"10 patients were evaluated
in this example for theiBTBFA&RSTPEHEFAS RTHHESEHEUFS PHOPS EVEFEpikes T he data for each of
the proves and their sa?ﬁ@f@ﬁ”@iggfﬂ%wg’ﬁﬁéﬁﬁég‘fw‘f ﬁfgj??“?ﬂ?ﬁ“ﬁ&s?'i‘? is the IL-1 beta
concentration versus tifi&FOMEHeRDEFElg Sgroterney is uwatly febrile neatcopenin. This securs

hecanse infectious microorganismy can invade the patient due to the inactivation of active immunity
25 by the chemotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined
state in which the patient’s temperature measured greater than 39 deprees Celsius or in a six hour
period two consecutive patient temperatures measured greater than 38.5 degrees Celsius.
[003903} Fever, as a defense mechanism, results from the effects exertod on the hypothalamus by
circulating eytokines, called pyrogens. These cytokines emerge from the imumne system during sn
30 milammatory response. The best known of these are 11-8, IL-1 beta, and TNF-alpha. The purpose
of this exampie is 10 identify 2 patiern of circulating pyrogens leading up to a fever spike, and, from
them, build a model that best anticipates the time-to-spike.
[00304} The methods developed in the studies may be generalized fo generate a monitoring means in
other high-risk discase states and therapewtic proceduses,
315  [00305) The system buiids a statistical model characterizing the relationship between the time-to-
spike and the circulating levels for two particalar pyrogens, IL-6 and I1.-1 beta. The system, while
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is the sample-to-sample fold change for ILI -beta versus time point number. Fig. 29 is the IL-6
concentration versus time point number, wherein patient 4 became septic. Fig. 30 is the
sample-tosample fold change for IL-6 versus time point number, wherein patient 4 became septic. Fig.
31 is the T18E-alpha concentration versus time point number. Fig. 32 is the sample-to-sample fold
change 10 for TNF-alpha versus time point number. (003211The model anticipated the time-to-spike in
all patients and explained the percentage of the variance observed in the dependent variable. Patient
6 had ATRA syndrome and thus is outside the patient population used to construct the model. (003221
The residual plot for patient 5 is given in Fig. 33. Patient 5 has a fever spike and no 15decreasing
markers. Temperature in degrees C (right scale) biomarker concentrations given in pg/mL, wherein
1L-6 is a 10-fold increase, not necessarily indicating sepsis. An analysis of the residuals suggest that
the model anticipations for the period between 12 and 24 hours prior to the fever spike are
non-systematic, meaning randomly distributed about the zero-axis and the size of the residual is no
mom than the percenté{ﬁg%e‘&?ftfﬁ%"ﬁﬁ‘% 568’8% R R AT ARt & BLTEE™BY the 20model using
the equation . 100323[‘!‘3‘" ¥Rt 4 THE Motk ntlgtlpoda}}es a time-to-spike of 3.3 hours when the

actual time-tospike walS? i urr’m‘ﬁ’d1 Vdm{ﬁémkf‘i ‘extreme mﬁ‘ﬁ’é‘qiéné; s 2 ftm%’é to-spike of 31.9 hours
when the actual tlme tq sp e wgos a

i 111 h
Cate:jﬁ aw %t ﬁa(i)‘;j’sgyaasspﬁsérﬁéﬁg?rate :l@,,fg'gl 34 Patient 4 data pOIntS

fire measures

showing decreasing Projein-t i tmncas DG, -0 MSLRISL G lever SRk, Narmalized parameter is the
25ratio of the (parametder Vvalye at time t mlnus the lowest value in the range) to the difference between
the maximum and m'“'H&%%V@M%QL&%Q@[@H&Q&%;AJ asidial analvsisfgrLRatient 4 yields an
excellent fit to the data,pgasued.Rpalionkd. meanRgihesasiduals.ames ardamby distributed about
the zero axis, and nY residualisoreatendban20Yealiie BRticipajaddinademspike, as derived from
equation 1. 30[00324] ksonclusion of this example, induction cancer chemotherapy is only one of the
underlying etiologies ofieaRsis. Ctlaersd Relsde-biaremoirimiiadde yvsaveradurn and thermal injury or
traumatic injury. In burp«asmdytrawR atiddR|urysdae patient-expeasses, aa, aldaration in the immune system
resulting in a predominetiage-shéheniHalpard yirmplrodyte phe notypexwiereatire phenotype of the
helper cell population switehedfrarrrmni%e’MH2)-This is termed the Thl -to-Th2 switch and 35makes the
patient more susceptibl®¥8 ¥heolrgetfafectormriSig! 95 md séhermetie @fthet T hl -to- Th2 switch and
the cytokines representiriepesctrpheironypie Ofeé drepattrehto M siifdct8lis#f the underlying
pathogen is identified, PREFARSEH SR sPipfettereais rlsale idegsist@mic inflammatory response
which is called sepsis. TrtH@pattBEel i anffartfed 1 e infritH rmatcrr reporse is termed Systemic
Inflammatory Resp8ns&'SyRESITET SHRE)=Thf “tre sty iy L iy o ession to sepsis can
be captured as a proce¥&BRATEY T8 PR {SH{SBTS ?é‘ﬁ‘l‘f?"% et ERrEfEStisceptibility to
Infection, which is repr8SERTEY By HE FAIZFH2 SHitE B%‘ﬁ%@gﬁﬁﬁ’fﬂb‘ﬂ’ﬁﬁ“ﬁ?@”&lon and the onset and

d ffl il i
progression of sep3|s/§‘iﬁ§‘ PR eI RIS TSR monitoring of each stage are shown in Table

3. Table 3 Sepsis Onsé‘f“ari' et R G T S Protel (o Yiplays an important Sle

maintaining ooagulauon homeostasis> Protein C is activated by thrombin inte ar active protein
which along with protein 8 and phospholipid as cofactors, it cleaves coagulation factors Vil and V
thus inhibiting coagutation. Recenily, Protein C’s anti-inflammatory responses have been
discovered.
[60311} 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 canbe used as a
biomarker in the diagnosis of sepsis in patients and as a therapeutic agent. One study found that
concentrations of Protein € are propartionate with severity of neutropenic sepsis at fever onset,
[00312] Ten adult leukemia paticnts receiving chemotherapy were enrolled. Blood samples were
35  taken every 8 hours prior to the onset of the fever spike and then every 6 hours until the end of the
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b. IL-1 beta" c. IL-C d. Procalcitonin e. IL-10 Il. DIC a. Von Willebrand Factor b. Procalcitonin c.
Neoptedn d. ThF-a e. Protein C f. PAF1 g. (Pro)Thrombin Illl. ARF (Acute Renal Failure) a. Creatinine
b. CystinC IV ARDS a. Von Willebrand Factor b. IL-6 c. II-8

observation period. Biomarker anatysis was performed on these samples. Patient sampling of 8
hours prior to fever spike and 6 hours after fever spike observed,
{00313] A Partial Least Squares model was constructed based ont the pre-spike (36 hour window)
measures for IL-6, FL.1-beta, and TNF-alpha and their semple-to-sample fold changes, Given the
5 data set derived from this study, & minimal sarupling period of 8 hours and a minimal window of 36
hours pre-spike is sufficient to derive an anticipative model of the time to spike.
[00314]) CQuantitative Biomarker concentration data was derived using well known ELISA
immunonssay known to measure IL-6, IL1-beta, and TNF-alpha. Concentrations measured it
pg/mlL, and sample-to-sample fold changes in concentration were recorded and analyzed as follows.
10 {00315} The concentration data were first visually inspected for Guussian norrality. Because they
were log normoally distributed the data was transformed by caleulating the log of the raw data
measures. Based on these measures, an initial Partial Least Squares regression model was built that
inchuded all three pyrogens and their fold changes from sample to sample, This model characterized
the amount of variation acconnted for in the covariance struetures of the dependent vectors {times-
15 to-spike) and the independent vectors {pyrogen levels). In this data set there were more independent
variables than degrees of freedom. To address the problem, standard statistical model building tools
like top-down climination and bottoreup additior were employed.
[08316] The full modet (11-6, TNT-alpha, and IL-tbeta, and their sample to sanple changes)
accounted for the perceniage of the variation in the whole model covariance structure and the
0 percentage of the variance in the dependent variable (time-to-spike). Using feature selection
processes commprising and net limited {0 bottom up model building and top down model building, 4
series of seven sub-models were developed.
[0317]} The chosen model included log(IL-6), log({1.~1 beta}, log{sample-to-sample fold change IL-
6), log(TNF-alphs), and accounted for 93% of the total model covariance and 27.5% of the varniance
25  inthe dependent varinble {time-to-spike).
|00318] The model is given by a standard mulliple linear regression equation with the following
parameter set: intercept = 36.5; log{IL-6) = -8.0; log(IL-5 fold change) =~ 2.4; log(IL-] beta) =-0.3;
and log(FNF-alpha) = 4.4. Bach measure is a point-in-time measure at the chserved time-to-spike,
For example, 24 hours prior to tke fever spike, the log of the concentrations of 1L-6, 1L~ beta, and
30 their sample-to-sample fold changes from the 30 hour tirae point are added 1o the model using fitted
paramcters, meaning the coefficients of the linesr model,
[00319] The final mode! was sefected from the seven total sub-models because it accounted for the
highest level of the percentage of variance in the dependent vector, The final model included log{it-
6), log(IL-1 beta), and the logs of their sample-to-sample fold changes as anticipators of time-to-
35  spike. The size of the anticipative window of 36 hours was selected by clinical relevance but is not

fimnited to that anticipative window. The selected model equation is as follows:
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-51- 1003251Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distance equation and Bayesian Probability. The Squared
Mahalanobis Distance is: 5D12(x)= (pi x(113) where j-,1,2,3 and the Bayesian probability is: PrOIx)
exp(-0.5D? (x))/Lexp(0.5DK'(x)) wherein ti is the mean vector representing the centroid of the patient
population and j is the three different outcomes (sepsis, fever, infection). 101003261 Pig. 38 illustrates
a graph in time of a plurality of marker proteins for a patient in a sepsis trial. The time of the onset to
sepsis for this patient is marked and all patterns leading up to that point are relevant to the
determination that this patient became septic. 1003271 Fig. 39 illustrates a bivariate time course of two
particular markers (protein C and C-reactive protein) in the same patient. The change in direction in
the center of the graph represents a 15rapid onset of disease. In this example, a patient rapidly
deteriorated and was illustrated as septic in a very particular region of the bivariate space. In this
example, the sampling intervals are falr?y regular; therefore the Iength of each line segment represents
h

the rate of change of the blo'r“ﬁ'é“r ékr“?ln 17 %r’tlc]“iglrl’séﬁ'ﬁ%':émiﬁo% L AIMS WHAT IS CLAIMED IS:
51.A method for characferlzmgl eppro abétlaLEchrceva linica l&%ﬁ, ome. of %&u%ct .comprising: a.

constructing a probabliltx %Qacgoﬁe B|vg’e a.set of §grete C mg:tgfoutpqorgaggb gach of which is
characterlzed by a ?tat S %aare(::ft 1gs %Opg &&%OMIQQLQQQ um%ll&%l;mber Fig. 28

is the sarnple-to-sample fold change for IL1 -beta versus time point mumber. Fig. 29 is the IL-6
concentration versus time point mumber, wherein patient 4 became septic. Fig. 30 is the sample-to~
sample fold change for IL-6 versus time point number, wherein patient 4 became septic. Fig. 31 is
the TNF-alpha concentration versus time point number. Fig. 32 is the sample-to-sample fold change

10 for TNF-alpha versus time point pumber.

[00321] The model anticipated the time-to-spike in all patients and explained the percentage of the
variance observed in the dependent variable. Patient 6 had ATRA syndrome and thus is outside the
patient population used to construct the model.

[00322) The residual plot for patient 5 is given in Fig. 33. Patient 5 bas a fever spike and no

15 decreasing markers, Temperature in degrees C (right scale) biomarker concentrations given in
pg/ml, wherein 1L-6 is & 10-fold increase, not necessarily indicating sepsis. An analysis of the
residuals suggest that the model anticipations for the period between 12 and 24 hours prior to the
fever spike are non-systematic, meaning randomly distributed about the zero-axis and the size of the
residual is no more than the percentage of the anticipated tirae-to-spike, which is anticipated by the

20 model using the equation 1.

{00323} For patient 4, the model anticipates a time-{o-spike of 3.3 hours when the actual time-to-
spike was 7 hours, and, at the other extremne, anticipates a timne-to-spike of 31.9 hours when the
actual titme-to-spike was actually 34 hours as demonstrated in Fig. 34. Patient 4 data points showing
decrensing 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 vatuc of the parameter. A residual analysis for Petiest 4 yields an
excellent {it to the data measured in patient 4, meaning the residuais are randomly distributed about
the zero axis, and no residual is greater than 20% of the anticipated tirne-to-spike, as derived from
equation 1.

30 [00324]In conclusion of this example, induction cancer chemotherapy is only one of the underlying
etiologies of sepsis. Others include, but are niot limited to, severe burn and thermal injury or
iraumatic injury. In bum and traematic injury, the patient expresses an alteration in the immume
system resulting in a predominance of the T Helper-2 Lymphocyle phenotype, where the phenotype
of the helper cell population switches from Thi to Th2. This is tetmed the Thl-to-Th2 switch and

35 makes ibe patient more susceptible 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
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b. obtaining subject data corresponding to the at least one biological marker; and 10c. calculating the
position of said subject data in said probability space, thereby characterizing the probability of the
clinical outcome of said subject. 2.A medical information system for subject data analysis comprising:
a. an input device for receiving subject data and in communication with a processor; b. a storage unit
in communication with the processor having a database for: (i) storing 15data 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 20as 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. 3.A method of characterizing a clinical outcome of a subject comprising: 25a.
constructing a probability space within a server, wherein the probability space is defined by a set of
discrete clinical outcorfie 8 BEeR BIERA A T h e By R et SdeaFdistribution of at the least
one biological marker; B*BRIEHRY T4 b %H‘édy “;;é‘é{tﬁi S§h§ e es(m“de)“etﬁ?mfedn a zla:’(r:yorresponding to the at
least one biological méfgg??;?n Ve calcy %ati)cr'jJ the' P‘%ﬁ%ﬁ%&éﬁ@@&éﬁ?m in said probability

space thereby charactfiZihg T chinical odicome of e SUblect. 4 e gihod of claim 1 or 3, wherein

ni
atleast steps b and ¢ S TERCAGH ANUIOUS (0T o el Fmaianilin a probabiy
space, wherein said trgjectory is indicative: of theslikelihood of progression to the clinical outcome. 5.
The method of claim 1 or 3 further comprising notifyipg a medical personnel or the subject of a need
for taking a medical agtior-upoen-assessing-or-characterizing the-positronof saidsubject data in said
probability space. 6] e finettzot] gf clairfeSiviestein the medical action involves at least one action
selected from Sequeliae a. Protein C”

b. IL-1beta”
c. H-8"
d. Procalcitonin

e. (L-10

a. Von Willebrand Fadlor
b. Procalcitonin
c. Neoplerin
d. TNF-q
e. Protein C
f PAFt
g. (ProjThrombin
IH. ARF {Acute Renai Fallure)
a. GCrealinine
b. Cystin C
V. ARDS
a. Von Wiliebrand Factor
b, IL-§
c. -8
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5the group consisting of altering a dosage of an existing therapeutic agent administered to said
subject, administering a different a therapeutic agent, and administering a different combination of
therapeutic agents. 7. The method of claim 5, wherein the notification is electronically transmitted.
8. The method of claim 5, wherein the notification is wirelessly transmitted. 109.The method of claim 5
further comprising, upon selection of the at least one action, performing an outcome analysis for
assessing a result of said selected action, and automatically updating the probability of a discrete
clinical outcome of said subject. 10. The method of claim 4, wherein the various time points cover a
period of less than about 24 hours. 1511. The method of claim 1 or 2 wherein the clinical outcome is
selected from the group consisting of complete response (CR), partial response (PR), stable disease
(SR), non-response(NR), adverse drug effect (ADR), and drug toxicity. 12. The medical information
system of claim 2, wherein the end user is a medical personnel or the subject. 2013. The medical
information system of claim 2, wherein_ the end user is from a pharmaceutical company. 14. The
medical information system of claim|2, whergin, said output device transmits selgcted portions of the
subject data and the probability spa¢e in res onse fQ ripcgttryrgtg@ from the end uger. 15. The
medical information system of claim:2, wher€in the stora%e unit $tores historical R5reference data of a
plurality of subjects in relationship ta the at léadone biological marker. 16. Thg medical information
system of claim 2, wherein the data storedunthes steretjeslinit are selected from the categories
consisting of pathology, anatomy, treatment pptien, treatment outcome, pharmagological parameter,
pharmacokineties parameter, psychelogical pajgmeter, and genornic informatior]. 3017. The medical
information system of{claim 2, wherein the database is a public database. 18. '[The medical
information system ofjclaim 2, whergin the dat&i5ase is an internal database. 19. The medical
information system ofjclaim 2 where|n the informgtion transmitted by the output device is encrypted.
20. The medical information system of claime? giRpPFisgssasaetwork. 3521. The medical information
system of claim 2, wherein the inputjdevice angd/gr the output device comprises a user interface that
can remotely access the network.

9. Cytokeratin-18 fragmenis

[00328) Fig. 36 and Fig. 37 demonstrate that the system uses an equation that is anticipative of
sepsis using the Squared Maholanobis distance equation: and Bayesian Probability. The Squered
Mehalanobis Distance is:

5 D) = (- x) Z-1(p) where j=1,2, 3
and the Bayesian probability is:

Prijin) = exp(-0.50% (x)¥Eexp(0.5T (x))

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

10 [00326] Fig, 38 illustrates a graph in time of a plurality of marker proteins for a patient in a sepsis
trial. The time of the onset to sepsis for this patient is marked and all patterns leading up to that
point are relevant to the determination that this patient becarne septic.

100327] Fig. 39 illustrates a bivariate time course of two particular markers (protein C and C-
reactive protein) in the same patient. The change in direction in the center of the graph represenis a

15  rapid onset of disease. In this example, & patient rapidly deteriorated and was illustrated as septic in
a very patticular region of the bivariate space. In this example, the sampling intervals are fairly
regular; therefore the length of each line sepment represents the rate of change of the hiemarkers in
this particolar space.
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22. The medical information system of claim 2, wherein the processor calculates the position of said
subject data in said probability space as a way of assessing the probability of a discrete clinical
outcome of said subject. 23. The medical information system of claim 2, wherein the input device
comprises a touch 5screen. 24. The medical information system of claim 2, wherein the input device
comprises a data entry portal or a keyboard. 25. The medical information system of claim 2, wherein
the subject data are textual or numeric. 26. The medical information system of claim 25, wherein
the textual or numeric information is 10solicited from the end user. 27. The medical information
system of claim 2, wherein the subject data repr@%%easurements of the at least one biological
marker presemhinia Opdiiiits: 28. The medical information system of claim 2, wherein the subject
data represent measurements of the at least one biological marker present in blood. 1529. The
medical information system of claim 2, wherein the suti)‘j%%},d,at represent measurements of the at

least ofie biologicAl HESHRERH FELBRETFBEA ProXb e AR iieal PSRt Bt ROBPE 2o,
wherein the measurementssonetoptajmeaiiita pointidiscd by deviof dhartets dipara tetcbireh cashbject.

31. The medical informajppsystemaplram 80 « WheKsn Ha-MeRsWemeNSaGiakanat various
20time points to yield a trajectory within the probability space, wherein said trajectory represents a

time series of the asses&¥fnical outcome.  32. The medical information system of claim 31,
wherein the informatibn tiamsmgtetisy dhe cutguoaivide teprdsemmabidegesomdmroftthe clinical

outcome of said subject gf & GIRGIU MR said sufiSet Re Meslicplinformatian sustam of claim 31,

wherein the information transmitted by the 256?Utpi‘1- de]vicg eBresent§ a (t!im .sgries of the assessed
clinical outcome.  34. THE ATEHRe R sy S A B A S T AR SR T RE S utput device
comprises arZautchaitical @rfosystiomsyst@s fafsebind didta bivfysinmerioprisigtem of claim 34, wherein the
automatic alert syster is,prograyRaklerbthig.R06 dc@a3Rd6n dhenedicah wiarmadassystem of

claim 34, wherein the automatic alert s%stem IS rogfricna]mable basgd onap eoqlseg% ?ggggol fora

clinical trial, 37. Theb madiEFIBINa |omr¥1§n§}lscfae1r%no auﬁPE‘f“\%ﬁ%‘é‘re?ﬁ" thé su[ﬂject é)a?g repre%ent

measufements of the at Hatistaorserbidiog ozl rrabakditpFeaseriaingddu set ofdisgals pliididal information
system of claim 2, wherejx b8 usgrviiehhealih.aanecamy idenst3addhtismeditadaigumation
system of claim 37, Wherlaeliyqloéqgihrrex% th;Ca%rc?(%rgt\éilgnegrsilﬁ)Jaeclﬂ 83.!} Qorresponding to the at least one
biological marker;
¢. aprocessor that calculates the position of said subject data in said probability space
20 as a way of assessing the probability of a discrete clinical outcome of said subject;
and
d. an output device that transmits information relating to the discrete clinical outcome
of ¢) to an end user.
3. A method of characterizing a clinical outcorme of a subject comprising:

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

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

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

4, The method of claim I or 3, wherein at least steps b and ¢ are repeated at various time poinds
to yield a trajectory within a probability space, wherein said trajectory is indicative of the liketihood

of progression to the clinical ouicome.
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Maintenance Organization (HMO). 40. 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 §URIACH;4Y- T HHERBRYIGS &@Mgﬁggme&i GlIBL Do hEsRIRdNe

instructions operate in a software runtime environment. 1042. The computer readagle medium of claim
40, whereir?$R@Fb A REAMIRIT: 2RO R ATFRSF R AR R HYERe the R EB\REEY tFHefined alert
condition basedhanidpresbisgepent of trajectory parameters of the subject data in the probability

space, whergin sajgl SIAIRCIOLY RARRANPIEISAIR AlIBEShARE AleRREHh BETeIR AR sditasigamand

position. 43. A method of predicting the occurrence of a medical conditjon that reguires medical

15interventiBREHHP FRBTRERE SO AISHER O 5R A5 LN Rty e HELPatbHE S AAHUTESE & BiSmarkers
present in awdtisicetmainiianpg sufifiganetbrrmorecphysiosbidalimdicagr difkesaid wubjgetrar given
frequency, &;Qg%ggmggge{j@t set of biomarkers are suspected to be predictive of the medical condition;

20b. based on the concentrations measure in (a), generating from the first set a subset of biomarkers
that are moré ‘corr@ﬁﬂ%k\ﬂﬁtﬁfﬁ%‘@'ﬁécﬂ’ﬁ%ﬁ%gﬁfﬁﬁ “f"?féoc%%fqg%tﬁcaﬁ%]rﬁ' &

ARG Y few frequency of
measurement.of thbeisthet ké rijimrfd whergin the astifirijceon cdrdiessio frmsfrdtiedsubset of (b) and/or

followipg the flew figauansy AL MaSHISMELRRS, ApsAeLRhiomatke s idherabydamdicting the
occurrence of the 25medical conditio 44. The merm% ofﬂa@ 3further£omo$fi%ir}@ analyzing data
ndi statisti

reflecting tHSCSTERR SRS Ao thi SR SR T8 SiLEF Inth SAIORS With MiivaTiate Statistical software.

45. The methddiad Saimbadilivideiistirtelsiolvgl catavaekészidrailireisent in a biological sample of said
subject. 304647 hermetbadsirclaimAsnwhbarainhRRicingicals ample idiubedhyran Appropriate fold.

47. A method of monitoring sepsis development of a subject comprising: measuring at least two

parameters“s)g%cted from the group of (1) body temperature of said subject, (2) protein C
conceddration bf sat sibjet vl @)iintertelikisifithua) viatensation sitisd Sopjgaoitiple times to

yield a trendfitemparainppa PraiRing Ssrendans/aiHii pasble discase (SR), non-response(NR),
adverse drug effect (ADR), and drug toxicity.

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

20 13. The medicat information system of claim 2, wherein the end user is from a pharmaceutical
company.

14, 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.

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

25 reference data of a plurality of subjects in relationship to the at least one biclogical marker.

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

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

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

19.  The medical infortnation system of claim 2 wherein the information transmifted by the
output device is encrypted.

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

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

device comprises a uscr interface that can remotely access the nefwork.
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wherein an increase beyond normal body temperature, a decrease in protein C concentration and/or
an increase in 1L-6 concentration is indicative of the development of sepsis in said subject.  48. The
method of claim 47, wherein a decrease in protein C followed by an increase of IL-6 is 5indicative of
the development of sepsis in said subject. 49. The method of claim 47, wherein a decrease in protein
C followed by an increase of 1L-6 and an increase beyond normal body temperature is indicative of

the development f SRS R8RS Cem of cRBm PheHREIRAR Shelaln AlwihsRlbaliRakabout
10-fold increase in 1L-6 concentratign in 10said st#})&&l!ct is indicative of the %?V%Eggme toféfsepsis in
nc

said subjecfd BPIshdein T FIAREP AR ARG A IR Y RIS RS S0 ORI Rt OIS

ease n IL-
concentratiotcimsaifisaidisjdtads indicative of the development of sepsis in said subject.  52. The

method of clam 4 fUHbes CORRRRINY SARSIER-RENErRasI8a e HpandRE BIaRsHENDidetd
concentration upon an increase beyond normal body temperature and/or a decrease in protein C
15conéent’SEBH:  53. The method of claim 47, wherein the frequency is increased to once a day, once
every 12, 8, &}-or Thaaundic8 nfprmbtnousfon ohalamtdrivharr s thetiod desivd iforpofe shifeatry
comprisingportal or a kefbdaRiaining a first set of subject data comprising at leas( one biological marker

and at 20leag{ one_physiolqgical parameter from the s b'ect;ép.d termining the probability. of a
medical con i%ion%%t% ?J%?%%: TR THLCH &t &81 S‘?JL’JB]J@% ﬁ%u%‘gfé?ﬁ e gc?lrnngu%c\éfgtond set of
subject data 2fom Thepedibeltilfoyrotitresysiedichrbonditiotherave s xwbtah g icirfesoribnét of subject
data figm thea:suhjech: daeahYiseharacterizing the medical condition of the subject. 55. A method for

characterizing perjodicity. of a clinical condition of. a subject, the m thdgl comprising: a. identifying a set
of biomarker%for%%celﬁﬂl%gﬁé/1?e?§3§ﬁ?“c§%§ﬁf8£?%ﬁ%ib%tgfﬁilfﬁgl gﬁgll%ﬁg) |.%tglr§%9ﬁggt data corresponding
to at least aprassiemrakef i shliepsonedwingihs!avdrororme Babebbdits: c. analyzing said trend to

identify perioghc clrapgesital iheadeaciyerm biaamike Kherein the subjdteR&LEpGaiUes of peak

measurements of the e; dic ch nges. qf tp trend; a 1 blood. - characterizing the values of the
peaks theré%eﬁsgﬁ%?ggt%)n{z?ﬁg tﬁgsp%r?o |c?§/c‘c2)1f the g%pc%%%% y refevant condition.

15 29. The medical information system of claim 2, wherein the subject data represent
measurements of the at least one biological marker present in blood.
30. The medical information system of claim 29, wherein the measurements are obtained by 8
point-of-care device that is operated by the subject.
31. The medical information system of claim 30, wherein the measurements are taken at various
20 time points to yield a trajectory within the probability space, wherein said trajectory represents a
time series of the assessed clinical outcome.
32. The medical information system of claim 31, wherein the information transmitted by the
output device represents an assessment of the clinical outcome of said subject at a single time point.
33,  The medical information system of claim 31, wherein the information transmitted by the
25  output device represents a time series of the assessed clinical outcome.
34. The medical information system of claim 2, wherein the output device comprises an
automatic alert system.
35. The medical information system of claim 34, wherein the antomatic alert system is
programmable by the end user.
30 36. The medical information system of claim 34, wherein the automatic alert system is
programmable based on a predefined protocol for a clinical trial,
37. The medical information system of claim 2, wherein the subject data represent
measurements of the at feast one hiological marker present in blood.
38. The medical information system of claim 2, wherein the end user is a health care provider.
35 39. The medical information system of claim 37, wherein the health care provider is a Health
Maintenance Organization (HMO).
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56. The method of claim 55, wherein the analyzing step comprises developing an AM:MA model to
determine a differencing lag in the underlying model. 57. The method of claim 56, wherein the
differencing lag is used to de-trend the trend and establish a stationary trend. 558. The method of
claim 55, wherein the analyzing step comprises calculating an autocorrelation function. 59. The
method of claim 58, wherein the measuring step comprises identifying the statistically significant peaks

in the autocojgelafiQn funeliofdabl£ledlhe igthedLtlpimbaadvheigiianmnabigingnstep comprises
calculating spectral densit}/. 1061(. The method of claim 60, wherein the calculating spectral density is
performed ﬂ%%“ée FRGHOUFE Trainsform.  62. The method of claim 55, wherein the measuring step
comprises identifyincpthepwies spbeiifirseicadefrakimanrspctiratieidium) seemRsics<b68. A method
for monitoring subject regpRASEtRHRIBRY BoAMPHisHY daabaliatiing a0 giksinagisbjattdatata

corresponding to at least one biomarker in a set of hiomarkers, for a clinically relevant condition to
obtain & trend of the ub‘j’gtc?f%%}l%?cv% é?é’ﬁ]”fﬁ%méﬁﬁé&t%?g% %B?ginig!fﬁ%grfn%grz(ﬁ j%nct receiving a
therapy; b. monitoring perloeliitiho bostianerdaid sebject data in gaid prebabiBiydrrgLEeABSHdfcity to a
response to the therapy setabig yatheusubieehne ./l Ravieathod of claim 63, wherein the therapy is

a periodic doging regimen. 65. The method of claim 63, wherein the response 10 the therapy is
characterized by a wﬁ%t-n é}beéﬁeégﬁgt%g’ﬁ%\%ro g lgéna%bfgve s of the trgﬁg. 6(?. Thenmetohod of claim 65,
wherein thewifiieedepemsat behavior is substantially constant.  67. The method of claim 65, wherein

the tim@-dep%.demh@Wm j@aahlgegiﬂgukmmwﬁﬁ&h{hﬁ;meﬂﬂﬁdlafm%eﬁlﬁ;gwheddmtﬂm
time-dependent hehavior 5 changing, expenernially. S AMEIPS.o% sharadierizingdigemergence o

clinically refévant su populations of patients exposed to a therapeutic agent, the method comprising:

a. identifyirgransges phibprabiest s i Biparrbakiliplargsas el i vy stomBrReE TR a8 ti&Yapeutic

agent; one of speed, acceleration, direction, and position.
43, A method of predicting the occurrence of a medical condition that requires medical

15  intervention, the method comprising:

a. measuring concentrations of a first set of biomarkers present in a subject and
measuring oue 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;

20 b. based on the concentrations measure in (&), generating from the first set a subset of
biomarkers that are more correlative with the occumrence of the medical condition
and/or a new frequency of measurement of the biomarkers; and

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

25 medical condition.

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

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

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

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

measuring at Jeast 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 subiect, multiple times to vicld a trend of temperature, protein C

33 trend, and/or 1L-6; and
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30b. measuring the set of biomarkers longitudinally from a group of patients exposed to the
therapeutic agent; c. identifying distinct clusters in a multivariate clustering space of the measured
values of the set of biomarkers from the group of patients; d. determining the rate of
separation of the distinct clusters and measuring the distance 35between the distinct clusters in a
statistical manner; e. obtaining patient information from the group of patients to classify the patients in

clinically relevant S“Qﬂ%‘?&ﬂ%%&e@ﬂ%%c){mfd ﬁm%ggt%giéﬂ%ggégggggiﬁ%mij;@icalIy relevant

subpopulations to characterize sensitivity and specifiCity of the distinct clusters to predict the Sclinically
relevant subpopulatiGRReeHBHePREIRE MdRFSP I ST S lFESRE B IR TSk e ) A°BREBhd set of

biomarkers configured sepiiapreyid shgeharacterization of the emergence of distinct clusters to predict

the clinically sgleva! SHRREBHIANANS, wherell- JRFRENAL RN AAIUDGIIR N GFUR @f patients

exposed to the thera{)eutlc aggnt are 10participants.in a clinical trial. 72. The method of claim 71,
whereifl thd*Siiea Fritbeideseipgentof gy tinf-974% e method of claim 71, wherein the clinical trial is
a pan of an adaptite clitiicdlotiiddim 72, Wivemethodot olpmae O/iiereid e eidaptscertlinical trial is

designed 1Q.NaI Aeielies 30 RRkM3H GOSN ERAMNERNs haianTd e MEiBad phelritr sépsivyhsigin the

adaptive clinical trial is designed to characterize an optimal responder population. 76. The method of
claim 71, wWhEIEh the measuring the distance step comprises measuring the Mahalanobis distance
between the Histiridteohusited elritioids, whereitiat Tdagt nhethbe-ldiatreaelipiiné reincthsativedsuring the

distange step CQRRISESIReRRLsNEL e ZGnaarestisiohnalg digtance between the distinct clusters.

78. The metI} d of claim 7%, w e,rei@th meastrirgtga‘t)he (Elbs&af)%%e S'][rgg c_orﬂ%g'ses measuring a
g . 0

Euclidean distance mEsgrebeny S T TR S TN & me SPHEIEEP9 Wherein the

measuring shid disievhbastiepined Suritvyetoimenhefitarsidistaridsubiedsure between the distinct cluster.

52. The method of claim 47 further comprising the step of increasing frequency of measuring
1L-6 concentration upon an increase beyond normal body temperature and/or a decrease in protein C
15 concentration.
53, The mecthod of claim 47, wherein the frequency is increased to once a day, once every 12, 8,
4, or 4 hours.
54. A method for characterizing a medical condition of a subject, comprising:
a. obtaining a first set of subject data comprising at least one biological marker and at
20 least one physiological parameter from the subject;
b. determining the probability of a medical condition of the subject using the first set
of subject data obtained,;
¢. selecting a second set of subject data from the probability of the medical condition;
and
25 d. obtaining the second set of subject data from the subject, therelyy characterizing the
medical condition of the subject.
55. A method for characterizing periodicity of a clinical condition of a subject, the method
comptising:
a. idemtifying a set of biomarkers for a clinically relevant condition;
30 b. obtaining longitudinal subject data corresponding to at least one biomarker in said
set to obtain a trend of the subject data;
analyzing said trend to identify periodic changes in the at least one biomarker;
d. measuring values of peak measuremerts of the periodic changes of the trend; and
e. characterizing the values of the peaks thereby characterizing the periodicity of the

35 clinicaily relevant condition.
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56. The method of claim 55, wherein the analyzing step comprises developing an ARIMA
rnodel to defermine a differencing lag in the undetlying model.

57.  The method of claim 56, wherein the differencing 1ag is used to de-trend the trend and
establish a stationary trend.

58. The method of claim 55, wherein the analyzing step comprises calculating an
autocorrelation function,

59. The method of claim 58, wherein the measuring step comprises identifying the statistically
significant peaks in the autocorrelation function.

60. The method of claim 55, wherein the analyzing step comprises calculating spectral density.

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

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

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

a. obtaining longitudinal subject data corresponding to at least one biomarker in a set
of biomarkers for a ¢linically relevant condition to obtain a trend of the subject data,
whercin the subject data is obtained from a subject receiving a therapy;

b. monitoring periodicity of the trend; and

¢. corresponding the periodicity to a response to the therapy received by the subject.

64. The method of claim 63, wherein the therapy is a periodic dosing regimen.

65. The method of claim 63, wherein the response to the therapy is characterized by a time-
dependent behavior of peak levels of the trend.

66. The method of claim 65, wherein the time-dependent behavior is substantially constant.

67. The method of claim 65, wherein the time-dependent behavior is changing linearly.

68. The method of claim 65, wherein the time-dependent behavior is changing exponentially.

69. A method for characterizing the emergence of clinically relevant subpopulations of patients
exposed to a therapeutic agent, the method comprising:

a. identifying a set of biomarkers in a blood sample that act as surrogate markers for
the therapeutic agent;

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

c. identifying distinct clusters in a multivariate clustering space of the measured values
of the set of biomarkers from the group of patients;

d. determining the rate of separation of the distinct clusters and measuring the distance

between the distinet clusicrs in a statistical manner;
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e. obtaining patient information from the group of patients to classify the patients in
clinically relevant subpopulations; and

f. comparing the distinet clusters to the clinically relevant subpopulations to
characterize sensitivity and specificity of the distinct clusters to predict the
climically relevant subpopulations.

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

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

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

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

74. The method of claim 73, wherein the adaptive clinical trial is designed to characterize an
optimal dosing regimen.

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

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

77.  The method of ¢laim 71, wherein the measuring the distance step comprises measuring the
nearest-neighbors distance between the distinet clusters.

7%.  The method of claim 71, wherein the measuring the distance step comprises measuring a
Euclidean distance measure between the distinct clusters.

7%.  The method of claim 71, wherein the measuring the distance step measuring a Manhattan

distance measure between the distinct cluster.
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