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t aking so nuch drug q£ toillicit a toxic event. There is |large
inter-individual variability in the patient pharmacokinetics of drugs What
may be an appropriate drug dose for one individual “ﬁﬁ or t Qo
"T¥te for another- Prior to wWios0Lrozes0on2. pniisiuakabiifMiaimi
estimate the—Torrect urug‘2ET‘TREEKEFTTW‘1TTEﬁ‘TWﬁ‘7ﬁﬂTTTﬁWFTﬁ_EYEET“ﬁEﬁT'
with that dosage usuaIIy by trial and errq nt i mecokhsgymdqg%%

achi eved. %SEP@MLO@PG%,L otdhind f&%%ﬁﬁd’?ﬁﬁ X géa
epldenlologlcgj , re, agal n oes NOt AiAE & QU Vegn ﬁm@nketrag
variability. hbn Ilnear | east squares nDdellng met hods i.nvol ve the use of

| arge anmobunts of data relating to a general population in order to

calcul ate a best fit. Much like Ilinear 30 regression nodels, this nethod
cannot take into account the variability between people with the sane
popul ati on characteristics. Bayesian analysis is another nmethod used to
relate drug dose to efficacy. This -1- nmet hod enpl oys | arge-scal e
popul ati on paranmeters to stratify a population in order to better
characterize the individuals. This nmethod does not take into account the
changes that can occur within a person over tine, and as a result cannot
reliably estinmte dosages. Pharnacoki netic conpartnment nodeling has had
success with some drugs, but 5 because the nodels are static and

cannot adapt thenselves to changes within a popul ati on




p Es .
or a patient, they are once again undesirable for dynam cally determ ning
drug dosages. Expert. systens have been devel oped using simlar technol ogy
to-.predict Haguedshages for i Mmunosuppressant drugs (see, ePQI/USW/18576Pat ent
Nos. 5, 365,948, 5,542,436 and 5,694,950). These algorithns, however, are
not generic and only use 10 i mmunosuppressant blood | evels. Each al-gorithm
i s specific to aMETHOD AND SYSTEMOBORISE FN TREATING ASPATIENT'WITHIAINYe
i nventi ons cannot be applied to other drugs and do not have a non-linear
f eedback | oop necRNVNE OMWWHMPEEVMBMAQW&&BW@%M
i nvention, patient dosing. occurs throug w&l‘;c series 15 of events,
depicted in flow chart formln Figure 1. ninitial exam nation,

tial -d f d
o dose o R iy S S AT
recomrended dés aﬁj‘S'CF‘d?fﬁﬂp)B'ﬂhE pretegtiony Thsisepyrightewner hgs proekjeqtionfie thefegsimile

refined upon'r epep(bd\tbudﬂ by m@yohg/oithepqﬁﬁu discloguie bsis qsbem inl the p@md Rttt files of
response to the

s p?; ence
20 . toxic drug etﬂ ects an rug oseO%r rﬁ)gig ersea uceg gﬁt
little drug coulthecopysghteq, @aﬁﬂﬁlrent not to receive the beneflt the drug

thera coul d of uld need to be increased. The -
pr ef ewed emodlingwgﬁﬁghmsﬁﬂequi res that a physician determ ne
the percentagg of respg ex{?}hvtzﬂl?onq@ltaieﬁ’fbtaﬁl&hcw"ﬁdq H&n%ﬁl@éjm%m %ae%au ent

surrogate markers, for t a.t | onshi
uses the input p‘ﬁ‘r&h‘?@t %) %d"teﬁédﬁéﬂ&esﬂ?&&"e

the patient. Thimesenhinventiom cdlamlizwatlpr dfugrie\etk or other surrogate markers to determine
~ the effectiveness of the dosing regimen and, if necessary, to suggest a new more optimal
drug dose.

15 BACKGROUND OF THE INVENTION

When 2 patient begins taking any medication for a length of time, a titration of
the amount of drug taken by the patient is necessary in order to achieve the optimal
benefit of the drug, and at the same time to prevent any undesirable side effects that
taking too much of the drug could produce. Thus, there is a continuous balance between

20 taking enough drug in order to gain the benefits from that drug and at the same time not
taking so much drug as to illicit a toxic event. -
. Thereislargeinter-individual variability in the patient pharmacokinétics of drugs.
What may be an appropriate drug dose for one individual, may be too much or too little
for another. Prior to this invention a physician was required to estimate the correct drug
25 dosage for a patient and then to experiment with that dosage, usually by trial and error,
until the correct dosage was achieved. Likewise, the FDA labeling of a drug suggests
dosages based on epidemiological studies and again does not account for inter-individual
variability. Non-linear least squares modeling methods involve the use of large amounts
of data relating to a general population in order to calculate a best fit. Much like linear
30 regression models, this method cannot take into account the variability between people
with the same population characteristics.
Bayesian analysis is another method used to relate drug dose to efficacy. This
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enbodi nents; one which uses actual nunerical surrogate markers to cal cul ate
a dose, and anot her enbodi nent that uses percentages as the nunerical input
for the surwapmneosoar kers. 30 DESCRI PTI ON OF THE DRAW NGS MCJvssso/18ssdows a
fl ow chart of the process by which revised doses of a drug are determ ned,

according to the nethod of the invention described herein. -2- Figure 2

shows an appar atjyghddémple lirge-SelCpipalation lgﬁﬁiﬂe&?dio%ﬁﬁﬁﬁ' oﬁ?_laetwih &dedhdi ng
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in twot d: fferF ent emimhrme&h lﬁnﬁctqc‘&ﬁmﬁimﬂéﬁt t&#bd%éﬁﬂglhagﬁﬁd‘sldlé@esgﬁﬂfdmf rugs, b\;t_
separately. gyre ows ,a fl1ow char e _over rocess of treating
2 Pat rent st o Herpeee BeiRe s aflkand Shnobndnp et Riflo cliaPEin peplion
perforns only t heapetiqus, thayasmonicaagaimesidesitedleforiiynamisally detérimining deugtdosages.
This expert system i mxpsitl§fitetsIRVEERN dRVEIBRRCsHREIHIA techhBRYY 1d PrelicOdhg 2.
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and 5,694,950). These algorithms, however, are not generic and only use

10 immunosuppressant blood levels. Each algorithm is specific to an individual
immunosuppressant drug. As it stands, these inventions cannot be applied to other drugs
and do not have a non-linear feedback loop mechanism.

' SUMMARY OF THE INVENTION

~According to the present invention, patient dosing occurs through a cyclic series

15 ofevents, depicted in flow chart form in Figure 1. After an initial examination, an initial

dose of a drug (therapeutic agent) is prescribed and administered by a physician for a

patient. The initial dose is based on the FDA recommended dosage found on the drug

label. The drug dose is further refined upon repeated dosing by the physician based on

the patient’s response to the drug. Too much drug could cause the patient to experience

20 toxic drug effects, and the drug dose would need to be reduced. Too little drug could

cause the patient not to receive the benefit the drug therapy could offer, and the dosage

would need to be increased.

The preferred embodiment of the invention requires that a physician determine

the percentage of response by the patient to the drug based on the surrogate markers for

25 thatdrug. A relationship is then employed which uses the input parameters described

- above to determine the next dose for the patient. This invention has two preferred

embodiments; one which uses actual numerical surrogate markers to calculate a dose, and

another embodiment that uses percentages as the numerical input for the surrogate
markers. ' '

30 DESCRIPTION OF THE DRAWINGS
Figure 1 shows a flow chart of the process by which revised doses of a drug are

determined, according to the method of the invention described herein.



30, preferably a video display screen, a data storage neans 50, preferably
a hard disk drive, and a processor. The expert conputer programreceives

i nput dat a fwownl/meesthysi ci an regardi ng the patient's current PATAS0wEBST t he
maxi mal dose range for the drug, 15 and the percent response of the
patient based on the surrogate markers used to nonitor the drug. Al so

characterized i Srighe 2RB6WEaH appafafis #eree it @lduliRink #6vised Aosd3@f & Yitdpracasrditpltb as
a dose response constant. This allows the expert systemto individualize

t he patient dosithgplessdihventianhe patient's individual response to the drug.
The system cal cul ates_a_revi sed dosagﬁ_ based.on the data input by the

physi ci an. The sBETAEEDRESCRIPHON QF PHE INKENTION | ncl udes a user
interface portion 100,to . receive.the.input data and to.output.the revi sed
dosage i nformation, b @edodqrAhis imyeption 105 ys¢ ingFealiie PRIRAL Foging Aoy ARNE d9e
new dosage i nfSoroptiniesthisrapy andte prévent arpadversa deug rhponse canlbe Smpleogated iniwéer s
Enbodi ment A phygiffeleaf enfiolithidnts) B0 6F viiiPwil¥acRbPddstitid sbptaely OFighr2 shbWs
recommended dose 25 n tpﬁigl ab%b of thef drui?% The h%/.SI ﬁ-‘:'an t hen Th

o oval uat es. ¢ e awii of he PRl piogersF et PRGETR BYiSE ig PRl ey The
dependi ng on t heaciupdexpeit system.fowsveri peefdrminnly thg stepsshewh irebjoekst] Oandil 2iafithens

by the physici angowkgarfUr rogate markers are nonitored and sequentially
conpared to determne_i.f there are any toxicities associated with_the drug.
Ao the numeli cal  naHE PPy aghies & eepalposs ComBUE ShwR Pl 2
of the drug is be¢omprisiigianingdt m&as, pRferably o keybhird 26 aud/eramanse 23; an tgput means
physici an, the cyg,pesferabli aGidkdispldyiereehlla difd stokapImBAHERS0, priferiBly 4 ard difle
desired drug nun&r. i cal arker anﬁht he previ o%s %%nnumar i cal r%fj‘kﬁ'é are
then i nput into TRE SR PIRSRYOTan A0S FEPERRmPHIG B i TECAYES dBP Tl on
physician regarding the patient's current drug dose, the maximal dose range for the drug,
15 and the percent response of the patient based on the surrogate markers used to monitor
the drug. Also characterized is the patient's response to the last dosing cycle as well as
~ a dose response constant. This allows the expert system to individualize the patient
dosing based on the patient's individual response to the drug. The system calculates a
~ revised dosage based on the data input by the physician. The software portion of the
20 - invention includes a user interface portion 100 to receive the input data and to output the
revised dosage information, and a data analysis portion 110, which calculates the new

dosage information based on the input data.
Numerical Surrogate Markers Embodiment

A physician prescribes a drug for a patient based on the FDA recommended dose
25 onthelabel of the drug. The physician then re-evaluates the patient, usually daily, either
in person or remotely 'depending on the agent being prescribed. During the subsequent
evaluations by the physician, the surrogate markers are monitored and sequentially
compared to determine if there are any toxicities associated with the drug. Also the
numerical markers will evaluated to see if the desired effect of the drug is being achieved.
30 Based on this evaluation by the physician, the current drug dose, the current drug
numerical marker, the desired drug numerical marker, and the previous drug numerical
marker are then input into the embodiment and the new drug dose is calculated based on

the equation:



t he equation: -3- NDD = CDD - {[((CDNM - DDNM / CDNM>/ <1+ -(CDD/ Hl GH) >] X
CDD} + LV where: LV = {(RESPONSE x CDD) x [(I+D) - (1+E)]/abs (1+D)}
/[1.3[err] (CYOPMN2$Y) ] E = (CDNM - PDNM 5 D = ( DDNM RCHDSMy18576d
wherein: NDD = New Drug Dose CDD = Current Drug Dose CDNM = Current Drug
Nunerical Marker 10 DDNM = Desired Drug Numerical Marker PDNM = Previ ous
Drug Nunerical NDPRer CBDGH[{((CDRNM i BRNMyEDNMY/ E+ (ODR/HIGH) e CDDh+ddEe
range for a particular drug RESPONSE = Percent of total dose available for
i ndi vi dual i zi ng ﬁbﬁf‘i"ient dose 1.3[err](CODH GH) = 1.3 raised to an exponent

eriodirent & piysi cian SCRrEBUorGHPI 693t PR P L e oot o<

Lyl
enbodi nent, a physicia
: E =(CDNM - PDNM)

5 D = (DDNM - PDNM)

and wherein:
NDD = New Drug Dose
CDD = Current Drug Dose
CDNM = Current Drug Numerical Marker

10 DDNM = Desired Drug Numerical Marker
PDNM = Previous Drug Numerical Marker
HIGH = The input parameter that is the high dose range for a particular drug
RESPONSE =Percent of total dose available for individualizing patient dose
1.3(CDD/HIGH) = 1.3 raised to an exponent of (CDD/HIGH).

15 Percentage Surrogate Markers Embodiment

In this preferred embodiment, a physician prescribes a drug for a patient based on
the FDA recommended dose on the label of the drug. ‘The physician then re-evaluates
the patient, usually dai'ly, either in person or remotely depending on the agent being

. prescribed. During the subsequent evaluations by the physician, the surrogate markers
20 are monitored and sequentially compared to determine if there are any toxicities
associated with the drug. Also the surrogate markers are evaluated to see if the desired
effect of the drug is being achieved. Based on this evaluation by the physician, the
current drug dose, and the percent response of the patient to the last dosing based on a
surrogate marker are then input into the system and the new drug dose is calculated based
25 on the equation:
NDD = CDD - {{{(PDR - 100)/PDR)X1+ (CDD/HIGH))] x CDD} + LV

where:
LV= {(RESPONSE x CDD) x [(100 - RES) x 0.01]) / [1.3(CDD/HIGH)]
and wherein: -

30 NDD =New Drug Dose
CDD = Current Drug Dose
PDR = Percent response of patient to surrogate marker
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t he FDA recommended dose on the | abel of the drug. The physician then
re-eval uates the patient, usually daily, either in person or renotely
dependi ng owo bre2sspent bei ng prescri bed. During the subsequetrngsoehssasi ons
by the physician, the surrogate markers 20 are nonitored and sequentially
conpared to determne if there are any toxicities associated with the drug.
Al so the surrogaRES mes Repccht resporsy of putiestto 1t désing bastdion siefogardnakérect of

the drug is bei ngig¢hi quput 162 Phat bl the fi -\éﬁfdgﬁlj&%@( h?ﬁlt Q{%‘u i an, the

current drug dose 3?13 rcent response, o | ast
dosi ng based on BESK at‘ eheEk @l to SFH?éﬁaP fWM’ﬁ@gﬁ%Q%ﬁP%d t he
new drug dose i s1.34CDD/HIGH) & 3adisifto anrexpdrenesf(EDDVHIGNRD {[ <(PDR

- 100) / PDR>/ <k+ ( CDDI %&3%% m%@)s X
[ (100 - RES) x O. 011)1;1Hll err an‘c)if %Bnel?“enlge(‘hﬁgég%g‘ ug
Dose CDD = Cur r €590 gfg%ésﬁmaum&'@emedrte d¥g. patient to surrogate
mar ker - 4- RES = MBwacenbodimens ofthedfiventdon e E&n |dascribeld) Sone Gising S thefital
surrogate marKermarers, and one using a percentage surrogate marker. Although the invention has been
described in detail in the foregoing for the purpose of illustration, it is to be understood
10  that such detail is solely for that purpose and that variations can be made therein by those
of ordinary skill in the art without departing from the spirit and scope of the invention as
defined by the following claims, including all equivalents thereof.



H GH = The input paraneter that is the high dose range for a particular
drug RESPONSE = Percent of total dose available for individualizing patient
dose 1. 3[ erwé 10w/ mmmmﬁ“‘m d to an exponent of ( CDBCA/ES09/18536

This cycle of repe n of the nunerical surrogate markers is
continued as |ong ag tRe pathert i's required to take the drug. Two

enbodi nents of the invention have been CHSAMSed one using nuneri cal

mar kers, and one using a percentage surrogate marker. Although the

i nventl on has bleeA nigbod fdyedichlating agevis QSH@ff&ﬂfég@fn@P#tmm prieg said foug o
|Ilustrat|on it is to, be understood 10 that such detail is solely for that
pur pos® and t hat mprmgdh%steew be made therein by those of ordinary skill

in the,art w thout de ar f b ﬁﬂg'u gpe ofthe invention as
defi néﬂ by the foffEW ﬁg Irﬂé?tnléﬁﬂ}ﬁnzh%ug& Jé“}ﬁ q% val ents thereof.

CLAI My 1 Joepeﬁ;gﬁtafse&ntmp&amm&hms@ofr@m@ dose of a drug for
a patient using said drug, conprising t e steps of: 3
acceptgng as a fi aedepmgmtamird ip@tt iagreicent response bf the pgtiety besedson one or more

accepting as a second i nput a maxi num dose of the drug; 5
accept® ng as a thi rcﬁuﬂﬁgﬁﬁmafkﬁ@f@émdl’@ﬁb'@ﬁ% of the patient based on one

or fror '? determining a revm&a &ose,mhel;glﬁ %a.l]:i%vxse% d%seof%ta'iﬁn ttfon%'f‘gmd current
8 ' _dose minus a ratio of the percent response of the patient and a ratio of said current
9 - dose to said maximum dose plus the percent of individual patient response

10 multiplied by a response factor.

Gt

2. The method of claim 1, wherein said determining step includes determining said

2 revised dose based on the equation

3 NDD = CDD - {[{(PDR - 100)/PDR)/{1+ (CDD/HIGH)}] x CDD} + LV

4 where:

5 LV = {(RESPONSE x CDD) x [(100 - RES) x 0.01]) / [1.3(CDD/HIGH)]

6 and wherein:

7 NDD =New Drug Dose

8 CDD = Current Drug Dose

9 PDR = Percent response of patient to surrogate marker .

10 RES = Percent response of patient to last dosing based on surrogate marker

11 HIGH = The input parameter that is the high dose range for a particular drug
12 RESPONSE = Percent of total dose available for individualizing patient dose
13

1.3CDD/HIGH) = 1.3 raised to an exponent of (CDD/HIGH).
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7 deter ing are ‘\e, wherein said revised dose is a
function of said curre m\“ ‘\\“‘g dose mnus a ratio ofthe percent

response ofwlﬁwpent 0 of said current 9 . PCT/US00/185ose to

sai d maxi mum dose pl us t*he percent of individual patient response 10

mul tiplied by a response factor. 1 2. The nethod of claima1,

wherei b sai d deSerArmeilngd for egiculatiigual myissd tdoseriofiiardyug forch patient using said drug

revi sed dose based on the equation 3 NDD = CDD - {[((PDR -

100) / PBR) / ( 1+ ( CDIPRptsipethesteppef + LV 4 wher e: LV =
RESP EXCDD x (100 - rr CDD/HIGH)]6

gg\d wher ei ) ngwr%skg@ﬁ’%ﬁl‘g '%"%'%m dobe; = Current .Drug

Dose- 9 f rrogate mar ker 10
: 3 4 B 44

RES = Percent respoeﬁse of patien on surrogate marker
11 5 H GH =acdépbing mlrmg befmb&a&meﬁcﬂhermrgmdm 4 R§bRsd Siithel

particular drug 12 = Percent of total dose avail able for
i ndi vi 6ual i zi ng pat i patienglesxk 13 1.3[err](CODH GH) = 1.3 raised to

an exponent of (CDD/ H - 6-
p ( calculat?r;g said revised dose, wherein said revised dose is a function of said current

8 dose minus the ratio of the change in numerical markers and the ratio of said
9 current dose to said maximum dose plus the percent of individual patient
10 response multiplied by a response factor.
1 4. The method of claim 3, wherein said calculating step includes calculating said revised |
2 dose based on the equation .
3 NDD = CDD - {[{(CDNM - DDNM)/CDNM)/{1+ (CDD/HIGH))] x CDD} + LV
4 where: | '
5 LV= {(RESPONSE x CDD) x [(1+D) - (1+E)}/ abs (1+D)} / [1.3~(CDD/HIGH)]
6 E =(CDNM - PDNM)
7 D =(DDNM - PDNM)
8 and wherein:
9 NDD = New Drug Dose
10 CDD = Current Drug Dose
11 CDNM = Current Drug Numerical Marker
12 - DDNM = Desired Drug Numerical Marker
13 PDNM = Previous Drug Numerical Matker
14 HIGH = The input parameter that is the high dose range for a particular drug
15 RESPONSE = Percent of total dose available for individualizing patient dose
16 1.3~(CDD/HIGH) = 1.3 raised to an exponent of (CDD/HIGH).



1 3. Anmethod for calculating a revised dose of a drug for a
patient usi sal d drug 2 conprising the steps of: 3
accepting 3‘5‘9 ?¥Pst i nput the patient s current drug dosePC"Z(US‘"”l857‘s
accepting as a second i n ose of the drug; 5

accepting as a th| rd i npﬁmunmlc"ﬂmlﬁmﬂnerl caI markers indicating a
response of the L patsent; and cal cul ati ng
said revised dose, wherein said revised dose |s a function of said current
8 dose mnus the ratio of the change in nunerical markers
and the ratio af @peose
pl us 'Itihe perce(r?t %?{eﬁlr?glfgﬁcdeltfglnmn%Tg?ﬁeowm%rgmn{ Qmﬁﬁr‘%é%&ﬁge f
multiplied by a resamﬁﬁ%te‘rﬁghﬁimnél dose of said drdyg to thepdtiehtiod of cl ai m 3,
wherein said calculating step includes calculating said revised 2

dose Based on the egvalwatiog the patient to mouijpr an¢Rbaractpfizg GNP -more numerical
DDNM/CDNM/(I+(CDD/HI x CDD) + LV 4 where: 5 LV
= { ( RASPONSE x CDD)S‘iF‘Ig(’TJQ"m’(hE)]/ abs (1+D)) / [1.3[err](CDD/ H GH] 6
E = M- PDNM 7 n:
NDD (gDmew Dr ugMDoséle‘i'i'i“mm ’based°RfﬁB£‘%%ﬁ¥ sr“é’r?tgg(%)r Bogédﬁ oo i3 Sa‘%
Curgent Drug Nuneghigal nddBéskS! and

7 _ calculating a revised dose as a function of said current dose minus the ratio of a
'8 _ _ percent response of the patient and the ratio of said current dose to said maximum

9 : dose plds the percent of individua1 patient response multiplied by a response
10 ' factor.

Sk

6. A method for determining a dose of a drug for a patient, comprising the steps of:
administering an initial dose of drug to the patient;
examining the patient to monitor and to characterize one or more numerical
surrogate markers;
determining if a dose change is necessary; and
calculating a revised dose as a function of said current dose minus the ratio of the
change in numerical markers and the ratio of said current dose to said maximum

dose plus the percent of individual patient response multiplied by a response

O 0 N N W AW N

factor.
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12 DDNM = Desired Drug Numerical Marker 13 PDNM =
Previous Drug Nunerical Marker 14 H GH = The i nput paraneter that
i s the hi gWwaieI#300ange for a particular drug 15 RESHUY§90718526
Percent of total dose avail ab or individualizing patient dose 16
1.3[err] (CDD)HI GH) = Tal sed exponent of (CDD)H GH). -7- 1
5: A nethod for deferm p W\\“a drug for a patient, conprising the
steps of: 2 \\\\r\\\m iMsst®ering an initial dose of said drug to
the patient; 3 ™ - evaluating the patient to nonitor and
characterize one or nore nunerical 4 surrogate markers; 5
determ ni ng, based on said nunerical surrogate markers, if a dose change

for-sgid 6 ' 10 : . ..
g 7. A meéhcﬁlofor cﬂéﬂﬁldfgu%nrgfﬁ?ﬁ@dg Xis‘ a &’131@ fdra rpauent, comprising tlée Wg

cal cul'ating a revise se as a ald current dos u
ratiogof a 8 of percent response of the patient and the ratio
of said current dose to said nmaximm 9 dose plus the
percedt of indi viataeptingas input the pafieni’seurremttdrpg desd; by a response 10
factor. 1 6..A rretho&sfor,dete rrin}tggaglose of a drug for a
patieft, conprisi#geRIDE 28 AL thgmagmum dose of thedrugs  4qni nj stering an
! n_' ti 85I dose of dgc%tgp&n%a“}:%uﬂﬁé fae%iresponse of the patient based on surrogate markers; and

6 _ calculating a revised dose, wherein said revised dose is a function of said current

7 dose, said maximum dose and said percent response of the patient based on said

8 : surrogate markers.

et

8. A method for calculating a reviseﬁ dose of a drug for a patient, comprising the steps
of: |
accepting as input a patient’s current drug dose;
- accepting as input a maximum dose of the drug:
accepting as input the previous, current and dcsired values of one or more numerical
markers indicating the response of the patient; and
calculating a revised dose, wherein said revised dose is a function of said current

dose, said maximum dose, and said previous, current, and desired values of said

O R N N W -~ w N

numerical markers.



3 _ exam ning the patient to nonitor and to characterize one
or more nunerical 4 surrogate nmarkers; 5
det er nmi ni ngvofo1/a208bse change i s necessary; and 6 PCT/US00/18576

cal culating a chtion of said current dose mnus the
ratio of the 7 change in nunerical markers and the ratio of
said current dose to dose plus the percent
of indivi dual pat“ T&“&l t| plied by a response 9

factor. metthod for calculating a revised dose of a drug
for a patlent corrprl sing the steps 2 of : 3
accepting as input the patient's current drug dose; 4

acceptiung as in %\h ﬁ%ﬁﬂé’rﬁ ?%e pac%&lgl%?g%'g%g dsetofmstrucnonswﬁﬁf(iev%e'nng

as input the pe cen onse Ien on surrogate markers; and

2 {8 8 h BSm tExe L iths QSthod o RistheRRé flepisfi sed dose is a
functlon of sai %@gurrent P oseIﬁi sai d m£<| mum dose and sai d

perceny response of idﬁéptingtasmwuopatmdt’scumtdtuﬁdose, surrogate
mar kers. 1 8. A nethod for calculating a revised dose of a drug
for a $atient, conpr#@#mglgtaH@Pﬂ%E'@x@“m“Se“th dsyg; 3

accepting as input .
P S g P 4 d%ggtineg% m%mtC au;geg'gerr} regprollege &O 23id" 'patient based on surrogate markers;

6 and

7 calcula"cing arevised dose, wherein said revised dose is a function of said current
8 dose minus the ratio of a percent response of the patient and the ratio of said
9 current dose to said maximum dose plus the percent of individual patient

10 . fesponse multiplied by a response factor.

1 10. A storage device having stored thereon an ordered set of instructions which, when
executed by a computer, performs a method comprising the steps of:
accepting as input a patient’s current drug dose;
accepting as input the maximum dose of the drug;
accepting as input one or more numerical markers indicating the response of the
patient; and '
calculating a revised dose, wherein said revised dose is a function of said current

dose -minus the ratio of the change in numerical markers and the ratio of said

V-2 - - BN - N I S

current dose to said maximum dose plus the percent of individual patient

10 response multiplied by a response factor.

-10-



4 accepfing as input a maxi mum dose of the drug, 5
acceptlng as input the previous, current and desired val ues of one or nore

ndneri cal 6WO 01/02050 mar kers indicating the response RT/HH¥1$53¢ i ent ;
and 7 calculating a revised dose, wherein said revised dose is
a function of saud_cuLLer.L 8 dose, sai d maxi nrum dose, and

said previo said 9

nuneri cal rrar kers jw“u I"“ UII |l|(|J A storage devi ce having stored

t hereon an ordered ns whi ch, when 2 executed by a
conput er, perforns a met hod conpr|5|ng the steps of: 3

accepting as input a patient's current drug dose; 4

acceptikng as i ngyt APphtaiy o t ,ﬂﬁse&gl ng
as |np3t a per cggt ‘%‘esponse o} %@’%ﬁ?ﬁf&%asggﬁagﬁugsfﬁrr agtlg?téc?ra er 6.
and 7 2 nigah<fok adcepihghasifiptit ©a€ ofl@Sfe milkers ShichSindidate SMd p@stnttose
is a function of said current 8 dose mnus the ratio of a
percenB response of résponsatte @doseafd drigs ratio of said 9

current dose to said maxi pum dose plus the percent of individual patient 10
responfe mul tiplied Bfads {OEasrsAUNE Fsippys the patient Scuﬂent‘ifﬂng% st or age devi ce

havi ngsstor ed ther eopn %ns%rg&ggtgngséastlnggttﬁenr%&#n% ose om (c:i

6 means for calculating a revised dose of the drug as a function of said markers,
7 said current drug dose, and said maximum drug dose.

1 12. The apparatus of claim 11, wherein said markers are actual numerical markers

1 13. The apparatus of claim 11, wherein said markers are surrogate markers representing

2 a percent response of the patient to the drug.

-11-



2 execut ed by Mornﬁ a met hod conprising the steps

of: 3 - acceptin t\\mpatlent s current drug dose; 4
accepting a¥0PpHue9s0 t he nwl wm drug; 5 PCT/USW“%@Q:eptl ng
as input one or nore nune r$ ifdicating the response of the 6

patient; and 7 calculating a revised dose, wherein said
revisgd dose isi@ Tﬁlﬁaﬁﬁa'hﬁﬁh aficiataild, whereiasaid Bevised dose is calculated dby the foilowimgt he
ratio of the change in nunerical markers and the ratio of said 9

curre dose to saﬂl@tim}xi mum dose plus the percent of individual patient 10

appar 2 us Tor CRPB GBPRIGCPRTS pIAREErL L (PRaRcEDY 5 CRRY + LV

corrpr|43| ng: 2 nmeans for accepting as input one or nore
mar kers whi ch i naer?:at e said patient's 3 response to a dose
of a dyug; 4 LV {(RESPONsmauBﬂ)Qr[(lameme DS (14U [1.beODD/HIGH)]S
curre drug dose nmeans for accepting as input the
maxi dose of t JP&“%‘) means for calculating a
revi setl dose of tlbk— Ma:sPBNM]nctl on of said markers, 7
sai d cgrrent dri wedn: and sai d maxi mum drug dose. 1 12. The
appar a& us of cl ﬁbﬁ 11Rewse§r mg Dsal d markers are actual nunerical markers
10 : CDD = Current Drug Dose
11 CDNM = Current Drug Numerical Marker
12 DDNM = Desired Drug Numerical Marker
13 PDNM = Previous Drug Numerical Marker
14 HIGH = The input parameter that is the high dose range for a particular drug
15 . RESPONSE = Percent of total dose available for individualizing patient dose
16 1.3~(CDD/HIGH) = 1.3 raised to an exponent of (CDD/HIGH).
1 ~ 15. The apparatus of claim 13, wherein said revised dose is calculated by the following
2 equation
3 RDD =CDD - {[((PDR 100yPDR)/1+ (CDD/HIGH))] x CDD} +LV
4 where: ,
5 LV = {(RESPONSE x CDD) x [(100 - RES) x 0.01]) / {1.3*(CDD/HIGH)]
6 and wherein:
7 RDD =Revised Drug Dose
8 CDD = Current Drug Dose
9 PDR = Percent response of patient to surrogate marker

10 RES = Percent response of patient to last dosing based on surrogate marker
11 HIGH = The input parameter that is the high dose range for a particular drug
12 RESPONSE = Percent of total dose available for individualizing patient dose
13

1.3(CDD/HIGH) = 1.3 raised to an exponent of (CDD/HIGH).

-12-



1 13. The apparatus of claim 11, wherein said markers are
surrogate markers representing 2
1 14. The apparatus of cl SHOWUSHY/18SAEr ei n

patient to twe oroaosn

a percent

said revised dose is calculated by the foll ow ng 2

RDD = CDD - {[ <( CDNM -

where: 5

/ [1.3[err] (COD/HIGH)] 6

(DDNM - PDNM 8
10 CDD
Nunerical Marker 12

PDNM = Previ ous Drug Nurmeri cal

DDNM) / CDNM) / (| + ( Gy
LV = {(RESPONSE x CDD) x [(I+D) -
E = (CDNM - PDNM) 7

and wherein: 9

= Current Drug Dose 11
DDNM = Desired Drug Nuneri cal

Mar ker 14

RDD =
CDNM =

HGH =

response of the

equation 3

HGI))] x COD} + LV 4
(1+E)]/ abs (I +D)}
D =

Revi sed Drug Dose
Current Drug

Mar ker 13

The .i nput

paranmeter that. is the high dose range for a particular drug 15

RESPONSE =
dose 16
(CDD/ H GH) .

Percent of total
1 .3[err](CODH GH) =

ITIAL

Y

ADMINISTER
AND INITIAL
DOSE OF DRUG

Y

EXAMINE PATIENT
BASED ON
SURROGATE MARKERS

dose avail able for individualizing patient
1.3 raised to an exponent of

IN
EXAMINATION
OF PATIENT

DELIVER PATIENT
SURROGATE MARKERS
TO EXPERT -
SYSTEM

v

CALULATE NEW
DOSE BASED ON
SURROGATE MARKERS

M—

PRESCRIBE
NEW DOSE

FIG |
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1 15. The apparatus of claim 13, wherein said revised dose is
cal cul ated by the follow ng 2 equation 3 = CDD -
{[((PDR - WOPMOMSE) / <1+ (CDD/ HIGH))] x CDD} + LV 4 PCTW%‘E’SP"

LV = {(RESPONSE x CDD) x [(100 - RES) x Oz@l])/ [1. 3[err](CDD/HIGH)] 6
and wherein: 7 RDD = Revised Drug Dose 8 CDD

Current Drug Dose 9 PDR = Percent response of patient to
surrogate marker 10 RES = Percent response of patient to | ast
dosi ng based on surrogate marker 11 H GH = The input paraneter
that is the high dose range for a particular drug 12 RESPONSE =
Percent of total dose availabl e for individualizing patient dose 13
1.3[err](CODDOH GH) = 1.3 raised to an exponent of (COD)H GH). -12-
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