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FIELD OF THE INVENTION
15 The present invention relates to systems and methods for obtaining optimized
EPO dosage regimens for a desired pharmacodynamic/pharmacokinetic response.

BACKGROUND OF THE INVENTION
Erythropoietin (EPO) is the principal factor responsible for the regulation of
20 red blood cell production during steady-state conditions and for accelerating recovery
of red blood cell mass following hemorrhage. EPO is a glycoprotein hormone with a
molecular mass of 30 KDa and is heavily glycosylated, which serves to protect the
EPO molecule from rapid degradation in vive. Serum EPO concentrations in humans
normally range from 6 to 32 U/l (1), and the half-life (t;2) of EPO is reported to range
25 from 2 to 13 hours with a volume of distribution close to plasma volume. As expected
for a large sialoglycoprotein, less than 10% of EPO is excreted in the urine (see, e.g.,
Lappin et al., 1996. Clin. Lab Haem. 18:137-145.)
The primary site for EPO synthesis in adult organisms is the kidney; although
the liver and bone marrow have also been implicated, the data remains inconclusive.
30  The primary stimulus for increased EPO synthesis is tissue hypoxia, which results
from decreased oxygen availability in the tissues. Hypoxia can result from the loss of
large amounts of blood, destruction of red blood cells by radiation, or exposure to
high altitudes. In addition, various forms of anemia cause hypoxia since red blood
1
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reticular networks of polyribosomes and as the reticulocytes lose their polyribosomes
they become mature red blood cells (RBCs). ‘
20 Until recently, the availability of EPO has been very limited, Although the
protein is present in human urine, excreted levels are too low to make this a practical
source of EPO for therapeutic uses. The identification, cloning, expression of genes
encoding EPO and EPO purification techniques, e.g., as described in U.S. Pat. Nos.
4,703,008, 5,389,541, 5,441,868, 5,614,184, 5,688,679, 5,888,774, 5,888,772, and
25 5,856,298, has made EPO readily available for therapeutic applications. A
description of the purification of recombinant EPO (tHUuEPO) from cell medium that
supported the growth of mammalian cells containing recombinant EPO plasmids for
example, is included in U.S. Pat. No. 4,667,016. This recombinant EPO has an amino
acid sequence identical to that of human urinary erythropoietin, and the two are
30  indistinguishable in chemical, physical and immunological tests. The expression and
recovery of biologically active recombinant EPO from mammalian cell hosts
containing the EPO gene on recombinant plasmids has made available quantities of
EPO suitable for therapeutic applications. In addition, knowledge of the gene
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and one O-linked oligosacchride chains which togsther comprise about 40% of the

total molecular weight of the glycoprotein. The oligosacchride chains have been
shown to be modified with terminal sialic acid residues. Enzymatic treatment of
glycosylated EPO to remove all sialic acid residues results in a loss of in vivo activity,

20  but does not affect its in vitro activity (Lowy et al., 1960, Nature 185:102;
Goldwasser et al., 1974, J. Biol. Chem. 249':4202). This behavior has been explained
by rapid clearance of asialoerythropoeitin from the circulation upon interaction with
the hepatic asialoglycoprotein binding protein (Morrell et al., 1968, J. Biol. Chem.
243:155; Briggs et al., 1974, Am. J. Physiol. 227:1385; and Ashwell et al., 1978

25  Methods of Enzymol. 50:287). Thus, EPO possesses in vivo biological activity only
when it is sialylated to avoid binding by the hepatic binding protein.

Deficient (or inefficient) EPO production relative to hemoglobin level is
associated with certain forms of anemia. These include anemia of renal failure and
" end-stage renal disease, anemia of chronic disorders (chronic infections and

30 rheumatoid arthritis), autoimmune disease, acquired immune deficiency disease
(AIDS), and malignancy. Many of these conditions are associated with the generation
of a factor that has been shown to be an inhibitor of EPO activity. Other anemias are
clearly EPO-independent, and include aplastic anemia, iron deficiency anemia, the
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with renal failure. In addition, Bpoetxn alfa may be used to correct anemia in other

15 patient groups including anemia associated with platinum-based cancer
chemotherapy, anemia associated with zidovudine therapy in patients with AIDS, and
anemia associated with other drugs such as cisplatin. Also, the administration of

Epoetin alfa has many other potential therapeutic applications: Epoetin alfa
administration increases the capacity for autologous blood donation in patients

20  scheduled to undergo surgery and attenuates the decrease in hemocrit often seen in
untreated autologous donors; Epoetin alfa administration increases red blood cell
recovery after allogeneic—but not autologous—bone marrow transplant; and
administration of Epoetin alfa has been shown to improve the quality of life in
individuals afflicted with rheumatoid arthritis

25 An alternative application of EPQ is for enhancing the performance of athletes
by causing an increase in the hematocrit of the athlete. This augmentation in
hematocrit increases the capacity of oxygen transported from the lungs to the
exercising skeletal muscles. Since the synthesis of EPO by bioengineering, injecting
athletes with EPO, also known as blood doping, has become popular in sports in

30  general, and in particular, cycling (Scheen, AJ., 1998. Rev. Med. Liege 53(8): 499-
502).

Presently, there are a number of disadvantages associated as the standard EPO

dosage regimen administered to patients. In specific indications, such as cancer,
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adm nistered to patients. In specific indications, such as cancer, 4
erefore, one aspect of the present invention is the development of a

pharmacokinetic/pharmacodynamic (PK/PD) model for characterizing and predicting
responses to rHuUEPQ thereby identifying the most efficient, cost effective, and/or

20  convenient treatment regimens for patients. In a particular embodiment of the present

| invention, once-weekly or once every two weeks EPO administration is contemplated.

Another aspect of the present invention provides a methodology to evaluate the
pharmacokinetic and pharmacodynamic profiles of EPO after administration of two or
more dosing regimens for comparison of clinical outcomes along with tolerance and

25  safety parameters between the EPO dosing regimens. Associated business methods
and computer systers are also contemplated.

SUMMARY OF THE INVENTION
A specific embodiment of the present invention may include a method for
30  obtaining optimized EPO dosage regimens for a desired pharmacodynamic response,
which can comprise choosing one or more EPO dosage regimens, then using a PK/PD
model to determine the pharmacodynamic profile of one or more EPO dosage
regimens, and finally selecting one of the EPO dosage regimens for administration to
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the present i1nvention nma a net
model for EPO and allows the user to select one or more desired pharmacodynamic

responses. The computer code then uses the PK/PD model to determine EPO dosage
regimens that would provide the desired pharmacodynamic responses. The EPO
dosage regimen may be administered as a weekly or once every two weeks, based

20  upon body mass, dose. Preferably, the weekly EPO dose may comprise administering
EPO at a dosing of 40,000 IU/kg and the once every two weeks EPO dosing regimen
may comprise administration of EPO at a dosing of about 80,000 to about 120,000
IU/kg. In an additional embodiment, the PD response can comprise one or more of
the group consisting of reticulocyte number, RBC number, and hemoglobin level.

25 An alternate preferred embodiment of the present invention may include a
computer program for obtaining optimized dosage regimens for a desired
pharmacodynamic response. In an additional embodiment, the computer program

_ comprises a computer code. The computer code may allow the user to select one or
more EPO dosage regimens. The computer code then uses the PK/PD model to

30  determine a pharmacodynamic response based on the BPO dosage regimens selected.

A preferred embodiment of the present invention may include computer
program for determining optimized EPO dosage regimens for a desired
pharmacokinetic response comprising the steps of choosing one or more EPO dosage
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I (ljJ/mkgl str a§ 1 on O?‘e%%mévtg%\/\eek o dos I‘Q%vg‘lefg}s%méﬁga of; PZ‘G 0{)686 | U kg.
In an addi momwmmmeﬁempommmmhwmspmmaem& deRnffE ofté ofT0r € Of
more EPO dosage regimens that provide the desired pharmacokinetic responses.
An alternate preferred embodiment of the present invention may include a
computer program for obtaining optimized dosage regimens for a desired
20  pharmacokinetic response. In an additional embodiment, the computer program
comprises a computer code, The computer' code may allow the user to select one or
more EPO dosage regimens. The computer code then uses the PK/PD model to
determine a pharmacokinetic response based on the EPQ dosage regimens selected.
One or more EPO or EPO-like compounds may be contemplated for use.
25 Another preferred embodiment of the present invention comprises a variety of
methods including a business method of providing to a consumer an EPO dosing
regimen that comprises a first dose of EPO followed by a second dose of EPO to a
patient. The second dose of EPO is preferably administered to the patient at a time
point after the first dose that coincides with the PD profile resulting from the first
30 dose of EPO. The PD profile may include, number of progenitor cells produced in
respect to time, reticulocyte concentration in respect to time, RBC number produced
in respect to time, and hemoglobin concentration in respect to time. Most preferably,
the PD profile will be the reticulocyte profile for this regimen. The second dose of



the group consisting of reticul ocyte nunber, RBC nunber, and henogl obin

| evel . 25 % | ?énate preferred enbodi nent of the Eresent I nventi on may
i ncl ude a MY r program for obtaining optinilZb&EAGPECHESNHRERIf or a
desired pharmacodynam ¢ response. In an additional enbodi nent, the
conput er program conprises a conputer code. The conputer code may all ow

the user t lect. one or . npre EPQ dpsa egi,mens. The conputer code then
uses the P%ng‘s ga%fyoa%mgg’f@rtﬂicﬂgmﬁlebﬁﬁ’rthﬁ uaeyte profide; penwhemased on

the EPO dogegildcye FroAGtiRA Ip84ks© The sétoRfl Qb STEPCPRBAGETRS m?&rédaﬁ geLee® nt

I nvention may include conputer programitor determning optimzed EPO

dosage r egiYoungredsellyinthe riratation/intormatuteiRBES.c r esponse conpri sing t he
st eps of choosi S . A . 209
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phar macki 0€ prayiding teompatient ant FRO dasify ragimeyethatopimpeises,a frerddseoNERO| ect i ng
the desire osage regime sed o phar macoki net i rofile, in a :
specific eﬁ%‘@ﬁ?%%}'ﬁ%gg{@ﬁﬁgﬁﬁp@ﬁg agpﬁ%&Se ES@‘{;‘#O“E’;@P ike conpounds. In
an addi t i oadiniristéred torthidtpatiént at PtideMREOH:S Birdt doseARA BMEides Wit teC! ude serum
EPO | evel s, bipavailapility, and EPO threshold | evels. A turther enbodi nent

of the preldifiocKeame lﬁﬁffP&)Pafi?R!{ e secopd dorsanaydie adgrimisterediyejthimé tavi zed EPO
dosage T eqhuRRys foflbwing e s PO HOCPRILAY, 1fe {eBSROME wif BEP ST N t e
I MACOKi he

steps of first selecting one or nore desired pha I C responses,
t hen ud® ngadminigtered Fslays subsequentdo the-firstERPdostosage regi nen that provi des

one or 10 nore | |§}Eﬁ? | e T and finally
selecting the EP eh@%&%ﬁﬁieﬁl@gioﬁﬁfg a F%#@%@'e‘sr ?ﬁg&ﬁgf:?%%- coki netic
r esponses. other ustsliafithemethoddlogiesref the pfesériténvyenticre rih oneuspatt, the bsinessnc! ude a

conput er nams.f or obt ai.nj.n timzed EPQ dosage reginens for a desired
phar nacoki gn;eﬁ%g%nqhécgeﬁéﬁ%@a{mx%ﬁ S@En?{ﬂi%%%ﬂ% Wﬁ’f’gF m&&‘g@‘%ﬁ&% nfB&cri bes a
PK/ PD nodetorftent oEpfavidihg tonsamérs] £ 4)Ssatiens,aflediga bractitiheOMmelicall seRRle MY

nor e, phar macoki net1 ¢ responses, and

al l ow the user, to sel ect of ,one,or )

then use tﬂ@wcﬁmwu  distribuyters gpd mgputactuiess, wittapBRQ dosing)i nens t hat
provi de t hesgliférs'pRoviadPBy e BiesafihventiBs PPREE tncludl ofitd wedky dnafnt o1 T ed
enbodi ment of the present i1nventjon may 1 nclude a conput'er program for

obt ai ni ng SYY Yo weeksdZPQ dosingregimanss or a desired 20 phannacoki netic

response. | n anAaGtkt prefefled RBOAMERNSS the Pﬁs&? R tfon PO thethod for
creating a pharmacokinetic model for subcutaneous (SC) EPO administration in
20  patients. This method can comiprise obtaining pharmacokinetic data from patients,
choosing an equation based the PK data collected from the patients, and fitting the PK
data to the equation. In addition, obtaining the PK data may comprise normalizing
serum EPO concentration values from the collected PK data and creating serum EPO
concentration time profiles based on the normalized data. In a further embodiment,
25  the PK data may be normalized by first obtaining baseline serum EPO concentration
values from the PK data by averaging predose serum EPO concentration values at a
plurality of time points; next, obtaining serum EPO concentration values following
SC EPO administration; then, obtaining normalized serum EPO concentration values
by subtracting predose EPO concentration values from serum EPO concentration
30  values; and, finally, calculating mean normalized serum EPO concentration values at
each time point.
In an additional embodiment of the present invention, the PK equation may
comprise selecting the Michaelis-Menten equation. The PK data may be fitted to the



conprises a conputer code. The conputer code may allow the user to sel ect
one or nore EPO dosage regi nens. The conputer code then uses the PK/ PD
model to determ ne a pharnacokinetic response based on t el BEO 23sage
regi mens sWMOAY6EHS (One or nore EPO or EPO | i ke conpounds PEEYUSO#12629
contenpl ated for use. 25 Another preferred enbodi nent of the present

i nvention conprises a variety of nethods including a business nethod of
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time, RBC E?Jle tgfﬂgl?lo u%ggb g‘?“ﬁsls?lggﬁgc bk@r %’?ﬁaﬂhoﬁé}n%gf%bﬁn Tconcentrati on
i n respgct (highdridoses).Mbst preferably, the PD profile will be the

reticul ocyte prqofile for this reginmen. The second.dose qof ,7 WO 00/ 67776 1 1
DEC 2003 PCTI US A shedipeg °gﬁ‘éfpé?58%‘|‘9"°§§?ﬁ POCiAST B B9 SR nci de with t he
reti cul ocytsicylatig the bicavatlabilith 6NEPOdblicwihg ¢ BPPiddsitistrhtivh. M@kssthohe second

dose of EPO facili,tates th turation of young red cells in the

ci rcul at i oMY §PWPHER ohtainingPK %FG{“PH@FE g\?ﬁfﬁ&i“ﬂgﬁtth%‘fef‘lnﬁgpﬂ esent invention
conpri ses godddstk ; el ' O dosi ng

regi men that qonﬁ?g?gh%)g?ﬁg%gg#ﬁdﬁggﬂﬁglultot\%e%gkﬁe}l%ﬁgael énd dose of
EPO t ol& péeriving an egvationbyoperfarming alin@mpegressiomafthe PKidataed to the patient at

atinme after th j . | 0 | ' profile
of the patient. ﬁ%&? gs%ﬁ?a%?@*%; A ot ieeld o ibis R ptpd 107 0|
fol | owi ng clegtinfg a pharEROdsnaic (PDemedellfler SC BROsdmimistrafion. Thisiméthodl 0

adm ni sterl%q $ subsegquent t e first. EPQ dose. e business net hod
of the presemz'o a rﬁﬁ'@ﬁ’?@ﬁ"ﬁ %ﬁnéq'%ﬁ gqcﬁ%mggr%%mg PJ%B“”O‘?’H%?”%%%, of
thtehmdat hodBDagodes; trc\xbfaizﬁhfm{)gcﬁ&ﬁﬂib?ﬂ@deﬂmeldmmbdqlmﬁ'f?ﬁ?ﬁmbrﬁama?usi ness
met ho ncl,u e marketipg,. sale r |jcensj.ng e sen

net .hodb‘Jl og{hﬁgﬁfﬂu?ﬂ%“s‘ Y g&‘ﬁﬁma?Mﬁlme%nm_b%}Fgﬁy,ser%gf’spat i ents,

nedi cal pr gstckhtta0As May BBHpEsR! ob'iﬁﬁth% 68selife Ry EHO concadtio @, yaseut i cal

di stributors,and manufacturers, wth the EPO dosing reginmens provided by
the presentach does8TPUmbY aysaaging predoseseyRtBPQaanceniration valvesat aplurlity: wo weeks

EPO dosi ngof tfifié PBRB-for each dose group, and then, adjusting Cy; by adding Ci, to serum
EPO concentration predicted by PK mode!l and where the adjusted Cy, can be used as |
20 a forcing function for PD analysis.

In a further embodiment, the PD dafa may be obtained by determining the
mean predose precursor cell, reticulocyte, and RBC number, and hemoglobin

concentration, and then obtaining mean reticuldcyte-, mean RBC-, and mean
hemoglobin-versus time profiles according to EPO dose.

25 - In an additional embodiment, the PD model may comprise a cell loss and
production model. The PD data may be fitted to the model equation by using, for
example, ADAPT II software, and following, both estimate and fixed paranieters may
be obtained by utilizing the leasf-squarcs by Maximum likelihood method and

“extended least squares model. Additionally, the estimated parimeters can comprise
- 30 Ks, SCs, and TP, while the fixed parameters may include Ry, RBC, Hb, and
threshold.
A further preferred embodiment of the present invention may providea
method for predicting a PD response in a patient following various doses of SC EPO,



Anot her preferred enbodinment of the present invention provides a nethod for
creating awdaun kinetic nodel for subcutane g P 1.0] ation
in 20 patients. This nmethod can conprise obt ai ﬁﬁ&é Mﬁ?&i‘?ﬁ?gwfié%ata
frompatients, choosing an equation based the PK data collected fromthe
patients, and fitting the PK data to the equation. In addition, obtaining

the PK dat Mmuvﬁpmrhﬁﬁomwadxhﬂﬁﬁ@e]e&ﬁg&ﬁo@ﬂ@d&&ﬁ%ﬁﬁ?ﬂi&%&’ﬁbﬂes from
the collected PK,data_and creating serum EPO concentration tine

rofiles
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fromthe PK dait;{aftn dydi'af\?edrﬁagl nlghggg@ggéwggmﬂgg)ﬁggﬁwsﬁ’h#&?ues at a
plurality aiore ofithegoouptconsistingtof retivulnicyte mymbern, RB(hithben and hemagiobin val ues
foll ow pg l% EPO admi ni stration; then, obtaining normalized serum EPO
concentFat i 8n-val ues -by subtracting predose EPO concentration values from
serum EPO concelThe pidsent isienticn eidaddRBsthe tdquitbmynts 6£pdti¢ht thad thayhale
nor nal i zeddgﬁ%,um EI?Oéqnc ntration values at each time point. In an

addi ti onal ordqafiicientERO production relative te hemoglobia lewel, avhichymaybemy

conpri se sgisdeiatedSvithGertil | [ ] be fitted
to the 8 WD 00/ 677716 I Dnggﬁﬂdz%%%‘%gﬂ ﬁ%@ligggge’&?ggﬁgg%ﬁe%ng, for

exanpl e, Appgntiaagsosigted witleendrstagerensal of renaldaibire pelatechanenns, platimpnmbkasedt ai ned
b tihgzi = . i |4 ' th
oxt ondedy”| SehceF Shenitiripy/ e St RIDE A hckiy joRRA SERMRAhe | 000

be sel ect dohgs may in¢ledegispigincmd zidovidige. oAlsyjpatientkmay Ye undergoing (| ower
doses), ang . | gher. doses). A further.enbodi t of .,the present
vent | on EBlogaRe rShHsicnRROF o ket or IR &0 FHoREDiG OBEIAOY of EPO
fol I owi ng t¥ehspRint, adfferingfrom rheuatold arthiritis)6xchn amutefé@m&s&@cpﬁx%@bxni ng PK
data, calcyl atin under the serum EPO concentration curve (AUC)

the area
ver sus dos_?*W%W@Q@@Pamﬁé@,hmamqm ly, io deriving an equation
by periorm ng aThé PRAD hiRESIDT Heredeht ibttiBKhakAhany p??%ﬁf]@gi;lmﬂgéﬁtfcr red

enbodi ment of the present invention provides a nmethod reating a
phar mac odyfplicationspForexemple £ physician eanwse this FKAD modeling system toet hod

determine the optimal EPO dosage regimen to administer to a patient in need of

increased RBC numbers and/or hemoglobin. In particular, the physician would have
the option of either determining an EPO dosage regimen based on the desired

20  pharmacodynamic outcome or determining a pharmacodynamic response based on a
specific EPO dosage regimen.

BRIEF DESCRIPTION OF THE FIGURES
25

FIGURE 1: Process of Erythropoiesis.

FIGURE 2:  Serum rHuEPO concentration versus time profiles after intravenous
.edministration of five indicated dose levels. Data for the 150 and 300 IU/kg doses are
30 the mean data from six healthy subjects while the other doses are single subject data.
Circles are the data corrected for the baseline EPO concentrations while the solid lines
are obtained from fitting the data to equations 1, 2 and 3, infra.

10



may conprise normalizing serum EPO concentrations, obtaining PD data,
choosing a (ED del, obtaining an equation based on the PD nodel, and
fitting th&¥ B"/fr}g?‘a to 15 the PD equations. In Ad BRI 2003 o PAT/USOHB3620ent |
normal i zi ng the serum EPO concentrations may conpri se obtaining baseline
serum EPO concentration (Cu) for each dose group by averagi ng predose

serum EPO GQRe atipn_val S at _a plural.it oi nts each dose
group, and 15‘%}5% MO%B %{'6%? C‘:Btr%FBmLs nEDCE ré@ginration
predi cted hioséK rmdel and where t he adj usted Cb, can be used as 20 a
forcing function for PD analysis. In a further enbodi nent, the PD data may
be obtained by determning the nean predose precursor cell, reticul ocyte,

and RBC nurlIGURE#d SRpsfdtiek eseﬁﬁﬂSﬁ‘Bfﬁ ﬁﬁdrﬂﬂaokﬁﬁﬂc haaa drfeﬁe;;;l@ dip_ean
reticul ocyte-, nmean RBC-, and nean henogl obin-versus tine es

accor di fig_ tievention yssddor amlysis of plasma il (Cmbmumm Jprofiles.Flherodel rmay
itted t
Che’ model - & fibbls 88 erd Qelnellif il dehfilotib ecion dO1: AqdileBabeclio Br o' ' °¢ 1 ©

fol | owi ng, itnventiomsnfraat e and fi xed par amet er s may be obt ai ned by utilizing
t he | east-squares by Maxi mum | i kel i hood nethod and extended |east squares
nodel . Additionally, the estimated paraneters can conprise 30 Ks, SCso, and

TP, while FIGURESA ssaﬁﬁmtm Meﬂu&ﬁbﬁd&sﬁmmf’ﬁ@hles bfter saBShtardeBiEShOI 0. A

further preferred enbaod resent invention nmay provide a nethod

ot Deal e Ao miisasen cE 0 ASY 60R, and 99b Tk toess ammmxafqrm dsee of Se
PO, '9 VO Gf fdehrfandes bt Bl BFTANSRE 6% M@ i bablcd RS o ey

conpri se selecting a dose and dosag i men, etermning the PD
response b&eraentsationshile she solid line 1@@@1 rm&@mgéher@ga toequationsilh2  PK/ PD
nmodel . I'n gpqgdditional enbodinent, the PD response can conprise one or

more of the group consisting of reticulocyte nunber, RBC nunber, and
henoglobin 5 level. The present invention can address the requirenments of

patien v, ent or jnefficient odutlon relative to
henog! ggl n 9@5%?@8‘?{"@{)@3 °°3§§'3' %R%W%W%Eﬁf% ‘?'rE“I’GP Sneni a.
These may nmixﬁsirmob of moewmt lsoomﬂdezhooqumgm Dabdysifits aéreuicwui&da
end- st age rel | or nal h rel.ate an m a, platinum based
¢ mean v ues of ve subjects ta are corrected for baseline EPO
concentrations while the solid line is obtained from fitting the data to equations 1, 2
and 3.
20
FIGURE 6:  Area under the serum rHuEPO concentration-time curve (AUC) versus
dose after subcutaneous administration of the eight dose levels indicated in Figures

4A and 4B. The AUC was calculated by the Spline method.

25 FIGURE7: Bioavailability (F) of the tHuEPO versus dose after subcutaneous
administration of the eight indicated dose levels. The F values were obtained from
the initial fittings of the pharmacokinetic data to the model as explained in the text.
Linear regression yielded a 1* of 0.9713, slope of 0.00024952, and an intercept of

-0.3884.

30

FIGURE 8: Bioavailability values for subcutaneous rHUEPO administration.

11



10 cancer chenot herapy related anem a, AIDS drug therapy related anem a
where the drugs may i nclude cisplatin and zi dojudine. Al so, patients nmay
be under goWOPIRHIE ol ogous transfusion prior to dulr BEE yP08r RCTESOPA2 r om an
al | ogeni ¢ bone marrow transplant, suffering fromrheumatoid arthritis, or
an athlete or others requiring or desiring increased RBC nunbers and/ or
henogl obi n e PK/ PD of the,.present.inventiqgn.has ny potenti al
t her apeut i Elé%%l fca ?raﬂ’srgp“%?b @9&??81‘“8,“?%&%?@%@%"&%@%‘% PK/ PD
model i Ng s Hé&sifE Vehitnerd F E5OTURg LW, 'aH&BO@ﬁ@k@W&H%&t@%)FSB]i%Bir@I&m ni ster
to a patient in need.of increased RBC nunbers "and/ or henoglobin. In

parti cul ar repregent msanidateswhiledines aneapedel-prodinted valuess ei t her det erni ning an
EPO dosage regi nen based on the desired 20 pharmacodynam ¢ out cone or
determ ni ng a -pharnmacodynam ¢ response based on a specific EPO dosage
regi mens BRIGEIREESCRE¢HEMBhic Gpresetiatidn i pliimatddyimit: mddebuosed forof _

Er yt hr opoi gsi 7 : m {Hu goncentrationgvey sus ti rofiles
after int r%@&f t%c?ﬁqcﬁ% ?g&? F‘bﬁ%&%‘i&‘é"ﬁ“ﬁ’&?‘{&%& %E@af é’\?éileggeq%at a for
the 150 anih th@defiritidrgsedtionof the Qetdiled description of decprésenrinséntiongafikNy subj ects
while the other doses are single subject data. Circles are the data
corrected for the baseline EPO concentrations while the solid lines are
obt ai ned fPIOURE 117 ek fetiddb é@oﬁ%&&dﬁﬂﬁ%ﬁmﬁi’es%‘h@ eigEﬂfnﬂﬁate&O Vo
00/67776 1. 1 DEC 2003 PCTI USOO/ 12629 FlI GURE 3: Phar macokl neti1 c paraneters
for i ni¢ avebewaneons rEuERQ dasedevels. EPO doses. FI GURE 4: Schemati c
representation of a phannacoki netic nodel of the present 5 invention used
for analysis of plasma rHUEPO (CEPo) versus tinme profiles. The synbols used
are defi neFIGURE h2AdReticiilocytemumbec versus tirhe profilesafter subdutdseons i pt i on of t he
I nvention, _Jdnfra...Fl : ru O,conceniratiop .versus tinme
profiles alfPel @ﬂbo&? b%lss%’ 6% “ﬁ@%{"m@& 40551, 8‘#" tgbfﬁcﬂggff,“%ﬂ’ﬁfm and 900

| U kg dosevalueddifom fioe héaithiy siibjests: Syitsds iadicatehbe enpatiméntal duta whilé thée heal t hy

subj eciss ' ;gﬁg liggst \%cracro%taggerdr Egt}l ggﬁtfgot{w gftlas l:eoI équ]lgtiglz%, S, 6, and 7, infra.

FIGURE 12B: Reticulocyte number versus time profiles after subcutaneous

administration of 1200, 1350, 1800, and 2400 IU/kg doses. Data for each dose are

mean values from five healthy subjects. Symbols are the experimental data while the
20  solid lines were obtained from fitting the data to equations 4, 5, 6 and 7.

FIGURE 13: Estimated and fixed pharmacodynamic parameters for subcutaneous
EPO effects.

25 FIGURE 14: Hemoglobin concentration versus time profiles after single
subcutaneous administration of the cight indicated dose levels of tHuEPO. Closed
circles are the mean data while solid lines are the model predictions.

FIGURE 15: Reticulocyte, RBC, and hemoglobin responses after multiple

30 subcutaneous dosing of 150 IU/kg t.i.w. rHUEPO. Solid circles represent measured
data and the solid lines are the model-predictions.
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concentrations while the solid Iine is obtained fromfitting the data to
equations 1, 2 and 3. 15 FIGURE 5B: Serum r HUEPO concentrati on versus tine
profil es afyigeso/edpecut aneous admi ni stration of 0, %P 2400
| W kg doses. Data points for each dose are the’lﬁggﬁ ﬁueps 0 /il%%ghealthy
subj ects. The data are corrected for baseline EPO concentrations while the
solid line is obtained fromfitting the data to equations 1, 2 and 3. 20
FI GURE 6: EI@HREner Reliculsoyte) RBC lafdiemagictimtasporisesiafter meultiple dosiiblC) ver sus

dose after taneou I gi.str.ati on of the eight do | eyel.s indicated
in Figur es66g£6);(§§"° .rﬁ'l”ﬁga“A%@é\&EaﬁsafF@ﬁ”&E@ ‘#?3‘ @gﬁh%@\fﬁd{'ﬁﬁd. 25

FI GURE 7: &ieths miodakpredictionsF) of the rHUEPO versus dose after subcutaneous
adm ni stration of the eight indicated dose |evels. The F values were
obtained from the initial fittings of the pharnmacokinetic data to the
nodel as eFEEERESD: Simhdfy éfBPoetin Kifd R BhickI PUARRRLBRL i 0.9713,
sl ope of 0.00024952, and "an intercept of %g 3884. 30 FI ijdRelgﬁgx:%uﬁBg

Bi oavai | abtd phaymecokinetic fnd phamyacodsmarnig data forrrb)eatd in GlisicalStidias ERO- WO

00/ 67776 1 ' r HHEPO concentration
versus ti rrl\;ﬂ%r@cg)g’l%@%gﬁg’géﬂngﬁ?@gﬁg%g?g%ngﬁféymns of 150 U kg t.i.w.
(top) and 600 | U kg/ week (bottonm). Solid circles represent nean data while

the. phar e UTRESA. RRRHCRHTS smdy Sratos, & CHF e SROFRIRAC, “and

- henogl ghbi n concentrations. Synbols are defined in the definition section

of the detgj cri.ption of, the present inventiaon, infra. FIGJRE 11:
Mean reti ﬂ@&g’égi@bbﬁimww sudy symamany dor Glinical Ry ERQ-PHIG70at ed . 10
subcut-aneous r HUEPO dose | evels. FIGQURE 12A: Reticul ocyte nunber versus
time profiles after subcutaneous adm nistration of 300, 450, 600, and 900
| U kg doscBIGURE d8E: Biophammagetiss stndy srsamary fon Glinical SsidyfBERQ-PHESS8hy
subj ects. Synbols indicate the experinental data while the 15 solid lines
were obtained fromfitting the data to equations 4, 5, 6, and 7, infra.

15 FIGURE 18D: Biopharmaceutics study summary for Clinical Study EPO-PHI-359.

FIGURE 19: Summary of pharmacokinetic data for Clinical Studies EPO-PHI-358,
EPO-PHI-359, EPO-PHI-370, and EPO-PHI-373.

20 FIGURE 20: Summary of analytical methods for Clinical Studies EPO-PHI-358,
EPO-PHI-359, EPO-PHI-370, and EPO-PHI-373.

FIGURE 21: Mean + SD demographic and baseline parameters for subjects enrolled
in Clinical Studies EPO-PHI-358 and EPO-PHI-359.
. 25 .
FIGURE 22: Mean serum Epoctin Alfa concentration-Time profiles (uncorrected for
baseline EPO) for subjects in Clinical Study EPO-PHI-358.

FIGURE 23: Mean serum Epoetin Alfa concentration-Time profiles (uncorrected for
30  baseline EPO) for subjects in Clinical Study EPO-PHI-359

- FIGURE 24: Mean + SD (%CV) pharmacokinetic parameters (Clinical Studies EPO-
PHI-358 and EPO-PHI-359).
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FI GURE 12B: Reticul ocyte nunber versus tinme profiles after subcutaneous
adm ni stration of 1200, 1350, 1800, and 2400 | kg doses. Data for each
dose are WRMSNHM ues fromfive heal thy subj ect¥3 BECTR00) sPaTAISOIIR629
experinental data while the 20 solid Iines were obt ai ned fromfitting the
data to equations 4, 5, 6 and 7. FIGURE 13: Estimated and fi xed

phar macodynam ¢ paraneters for subcutaneous EPO effects. 25 FlI GURE 14:
Henogl obi n concentration versus time profil es after single subcut aneous

admi ni st r FGURESS: Rfatidhet é‘a‘éb‘?gﬂ“iﬁg’“—?. Crw | NP %rs‘:EEFPQec gg i ons.

circles are the nean data While s are

FI GURE. | S:single orannlpletSEC dowscsgimens m&imgﬁab&umes Efmssmndampmm ple 30
subcut aneggg dosing of 1501U kg t.i.w. rHUEPO Solid circles represent
measur ed ata and the solid Ilnes are the nodel -predictions. 12 WO

00/ 67736 | | DEC 2 PCT/USOQ 12629 FI GURE 16: Reticul ocyte, RBC, and

Lo 2 SRS Rl bt 013 B ity

model - pr edinglel o msultiple SCAdSE refme i OlinicaPS mbiee BPOPHY-358 &idi Epééim-

phar macoki ggtl c studies contributing to pharnmacokinetic and

phar macod mc data for subjects in dinical Studies EPO PHI - 358,

EPO PHI - 359, EPO PHI - 370, and EPO PHI -373. FI GURE 18A: Bi opharmaceuti cs
study sumar or. Ainical Study EPO-PH -373. 10 FI GURE 18B:

Bi opha® rraﬂ;@%l‘@s'”sMﬂypwmmcuﬂweaimmpmﬁlesffoMy fauiPQrekistudy Peribd GURE 18C:

Bi ophar ma Is¥ Study EPO PHI -358. 15 FI GURE .
18D: Bi ophar mace“'?il ‘?"!@% %E&gfﬁﬁ'g%hi cal Study EPO PHI -359. FI GURE
19: Summary-of phar rracokl netic data for Cinical St udi es EPO PHI - 358,

EPO PHI - 3 P -3 nd EPQ- PHl -373, 2 0 Sunmpary of

anal yti ca?ﬁmgﬁ?gs% Z%Cf ﬁ\aeg Wﬁ’g gﬁﬁ’e @ng %"PH; gﬁ@iﬁ

EPO- PHI - 3T.w. @) et0500-1U/RE q.w (N-<B)Ripoeti Alfe &t fotlvebRIPOnAERIStudiBg! basel i ne
par amster ggb‘ol;msyg ect 5—?’&-8' led in dinical Studies EPO PH -358 and

EPO- PH 359).

FIGURE 29: Demographic data of subjects in Clinical Study EPO-PHI-370.

FIGURE 30: Mean serum concentration-time profiles of Epoetin Alfa (uncorrected
20  for Baseline EPO) in healthy subjects after receiving 150 TU/kg t.i.w. (N=24) or
40,000 IU q.w (N=22) during the fourth dosing week (Clinical Study EPO-PHI-370).

FIGURE 31: Mean + SD (%CV) pharmacokinetic parameters (Clinical Study EPO-
PHI-370).

7
-~

25
' FIGURE 32: Profile of mean change from baseline in percent reticulocytes.

FIGURE 33: Profile of mean change form baseline in hemoglobin (g/d).

30  FIGURE 34: Mean + SD (%CV) pharmacodynamic parameters corrected for baseline
value (Clinical Study EPO-PHI-370).
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25 FI GURE 22; Mean serum Epoetin Alfa concentration-Tinme profiles
(uncorrected for baseline EPO for subjects in Cinic St udy EPO- PHI - 358.

. FI GURE 23WOMG "6 er um Epoetin Al fa concentrati ohl BE dGTYE840/12629

(uncorrected for 30 baseline EPO) for subjects in Cinical Study
EPO PHI - 359 FI GURE 24: Mean SD (%V) pharnmacokinetic paraneters (Cdinical

PCT) UScry 1 G5B 8 Meln 2 ST rmparaptur e pEmbiscy T Choleat e BRGHHI cose 1 or

subjects rgggiving single or multiple SC dose reginens in Cinical Studies
EPO PHI - 358 and EPO-PHI - 359. 5 FIGURE 26: Rel ationship between nean SD
CL/F and dose for subjects receiving single or multiple SC dose regi nens

in dinica i92S - 3 N 27: an

por cent 1 orIQuRDA5; Mepl bl cditinBaf e pHpesi tpolin AlFiFosRfired”
(Cinical $mBiseineBRO)Rhhedthy sabjdctiridritedeidng] 50 FI/kgREW2@=1vpan SC change
| U kg g w ORSS TEROBFFI ARts G tovith Rrioe dotmet Sudy pdstiss). * °
EPO PHI - 358 and EPO- PHI - 359). FI GURE 29: Denographic data of subjects in
Clinical S P | - 370, F 30: .Megn serum concentration-tine
profiles o&’Y&gBEQ?nﬁEH $5%ﬁé¢€fg¥@ﬁw%"ﬁ prrametess coreecteddyr bagelinga)  hy

subj ect s akhigs (Clef&H Shidy EPTPHEAKY. t. 1. w. (N-24) or 40,000 1U g.w (Ne-22)
during the fourth dosing week (Ci'nical Study EPO PHI -370). FIGURE 31: Mean

SD (ACW® phar maeoki netic paraneters (Cinical Study EPO- PH -370). 25

FI GURE 32: kg, 6 fﬂ;o‘ﬁrm: 4 ' reef i cul ocytes.

FI GURE 33: Pﬁ%lsg' géoﬂmaan %ﬁgﬁgge orm %gse llh:}grdleﬁt lﬁgér‘gg% sitﬁlt (g/dl). 30

FI GURE 34: sulijerts in ShinfcrCStudy ERORBHLTham ¢ paraneters corrected for baseline
value (dinical Study EPO PHI -370).

FIGURE 39: Profile of mean change from baseline in hemoglobin (g/dl) for subjects
15 in Clinical Study EPO-PHI-373. '

FIGURE 40: Profile of mean change from baseline total red blood cells (x10"1) for
subjects in Clinical Study EPO-PHI-373.

20 FIGURE 41: Mean + SD (% CV) pharmacodynamic parameters corrected for baseline
value for subjects in Clinical Study EPO-PHI-373.

FIGURE 42: Mean =+ SD (% CV) pharmacokinetic parameters corrected for baseline
value for subjects in Clinical Studies EPO-PHI-358, EPO-PHI-359, EPO-PHI-370,
25 and EPO-PHI-373,

FIGURE 43: Mean AUC of change in percent reticulocytes as a function of AUC
(Day 0-29) of Epoetin Alfa (Clinical Studies EPO-PHI-358 and EPO-PHI-359).

30 FIGURE 44: Mean AUC of change in percent reticulocytes as a function of AUC
(Day 0-29) of Epoetin Alfa (Clinical Studies EPO-PHI-370 and EPO-PHI-373).
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14 WD 00/ 67776 1 1 DEC XCb PCT/ US00/ 12629 FlI GURE 35: Mean SD denographic
dat a of SUW eo%%s in Cinical Study EPO PH - 373. FI GURE 36: Mean serum
concent r at OH{67Tg profiles of Epoetin Alfa (uncﬁﬁr%ﬁﬁ W3 PCTTUSO0/B62%| | ne

EPO in healthy subjects after receiving 150 U kg t.i.w (N=17) or 40,000
U g.w (N=17) during the fourth dosing week (Cinical Study EPO PH -373).

FI GURE 37: D ( % har macol gneti c _parapmeters corrected for baseline
val ue (di RWE&@@%@%F g’?’(‘? W@R@@om (&/dd) for swhiegts change
from basel ifn€lihicalUGCRPOPHILTY ocytes for subjects in dinical Study

EPO- PH -373. FIGURE 39: Profile of nean change from baseline in henogl obin
(g/dl) for subjects 15 in dinical Study EPO PH -373. FI GURE 40: Profile

o, nPRAOTS @SRl s, bl g e 1 1
phar machbdymGlinicg StudyeEROPHIAMect ed for baseline value for subjects in

Cinical Study EPO PH -373. FIGURE 42: Mean SD (% CV) pharnmacoki netic
paranmeters corrected for baseline value for subjects in Cinical Studies

EB?: P]Ijl - ﬁSBIGIHRM H D3513t graEltHQaﬁlll'lbas%Eﬂe cha?@te??ﬂcsl:et‘?ﬁe@ﬂ' sfuﬁjgﬁé wh gaJREO‘lgé) '\/E?n
Oor change .| nh. . per r es as a runction o y U- (0}
Epoetin Al'$ Rlaﬂﬁ?ecﬁ%@%m)s 38 gubjects wereppatiof Gawip 1 Who F| GURE 44
Mean AUC oOfverelxdfififist §:2274) ' ot fu i QH;‘ ( Day
0-29) of Epoetin Alsq‘e?d% [ nig%f?ﬁ_gs{e%es é%%f%ﬁpi‘é@oﬂg}ﬁ%tﬁ -373). 15 WO
00/ 677%% 1part ofGronp 2wheweresdministered BROWRO,008 q.worDémographic mean change from

P GURE 6. ‘R RERBa0ud, hec Qlarpl Wefibh e igh] (B SRSb1 1 (g/ ) Tor
subjects 5 in dinical Study EPO PH -370.
FIGURE 48: Serum epoetin alfa concentrations uncorrected for predose endogenous
erythropoietin concentrations for subjects in Group 1 (150 IU/kg t.i.w.) designated by
15 triangles and Group 2 (40,000 IU q.w) denoted by cirlces.

FIGURE 49: Serum epoetin alfa concentration data corrected for predose
endogenous erythropoietin concentrations for subjects in Group 1 (150 IU/kg t.i.w.)
designated by triangles and Group 2 (40,000 IU q.w.) designated by circles.

20
FIGURE 50: Mean (SD) [%CV] pharmacokinetic parameter values with data for
individual subjects in Group 1 (150 IU/kg .i.w.) and Group 2 (40,000 TU q.w).

FIGURE 51: Summaries of mean (SD) change from baseline in percent reticulocytes
25 by study day for the efficacy population for all subjects in dosing Groups 1 (150
IU/kg t.i.w.) and Group 2 (40,000 IU q.w) for Clinical Study EPO-PHI-373.

FIGURE 52: Profile of mean (SD) change from baseline in percent reticulocytes by
study day for the efficacy population for all subjects. The open circles represent

30 Group 1 (150 IU/kg t.i.w.) and the closed circles represent Group 2 (40,000 U q.w).
The parameters obtained are listed in Figure 51.
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FI GURE 47: Denographi c and baseline characteristics of the 34 subjects who
conpl eted the EPO study (EPO PHI -373). 18 subjects were part of Goup | who
wer e adni niVe® /€d7&n EPO dosi ng regi men of 150 i BEC 2008. veCTAUSBoAM28 Ubj ect S
were 10 part of Group 2 who were adm ni stered EPO at 40,000 qg.w.
Denographic characteristics include sex, age (years), weight (kg), height

(cm, and r 48: . Serum epgoetin al fa concentrations uncorrected

f or predosﬁ%é&%‘n@ﬂ&‘mm&mﬁ emcfeqmbeﬁehmhmpgbbwm in Goup
1 (150 1V sttudd!)f 5m& | 00 N g.w
denot ed byh%’l rl ges om ¢ fﬁoﬁg&ﬂgorggtslﬁﬁ%tﬁﬁaé@g nméﬁ\da
corrected f%ﬂ%ﬂ%%ﬁ@ﬁ@ﬂb@w&rﬁmm tudpﬁP&PHI-Eﬁacentratlons for
subjects in Goup.1 (150 IUkg t.i.w.) designated by triangles and G oup 2

(40,000 11U g.w.) designated by ci rcles 20 FI GURE 50: Mean (SD) [%€CV]
phar macél chIGURE r Srefile of mean(SD )whhrigect'ﬁdnabise]ine inliﬂrdéntduﬁio fobll ects in

of mean Eé?wréxgw His 18 L0 o ) skt Tup onmh cimss o . cay
for the ef fregresent I1a(tlsomlkgrt|Wanauiuasdeackaem%%égg&mﬁ(@_}@%o | U kg

t.i.w) an Group 40, 000 q.w Clinical St FI GURE
52: Profi | dUGWheRhe pacgmeters phtgined mﬁ%ﬁ%ﬁwﬁﬁ percent reticul ocytes by
study day for the efficacy popul atlon for all subjects. The open circles .
r epr esent 30 Grou% 1 (150 IUkg t.i.w.) and the closed circles represent

Group 20( 44T ef aﬂe(ﬁﬂ)ehmgelﬁtombmelmnmrddrlﬂrbcﬂcbeUm(wFl gure 51.
16 V\DOO/6 iz I s of nean
180,00 o1t b ok ek apieden o eﬁr‘fbﬁﬁwﬁﬁ%}iéhﬁxr (he
efficacy prEpQBHI-BﬁBfor aII subj ects in Goup 1 (150 IU kg t. and
Goup 2 (40,000 Il g.w) for dinical Study EPO PH -373. 5 FI GURE 54:

Profile of mean (SD) change from baseline in percent henogl obin (g/dL) by
study day FIGURBes6ef Prdmwt'ﬁem(sm)lc% é%ﬂdselﬁiétih ?eratrﬁoodeaﬁs GPRI/E) T cl es

represent 9 }g%SO I% W, ) and he closed circles represent G oup
2 (40, %0 YEF“EY \%%? FWB\!‘QUM&%@@J%% Ihegperdcqukesnﬂgmt 53. 10

FI GURE 55: Gretp™R(150TUMKg tTRANaridthe 1 (510({061@] od cells
(x 1012/L by stud day fo? t he 8@@%;% pul atlonp?(gr al'l ﬂ’)v?ects in
dinical ggarameters obtained are listed in Figure 55

FIGURE 57: Mean pharmacodynamic parameter values corrected for baseline value.

20  %CV is the percent coefficient of variation. The notes are as follows: ® AUC of %
reticulocytes over the one month study peﬁbd and corrected for predose baseline
value; ® AUC of hemoglobin over one month study period and corrected for predose
baseline value; ° AUC of red blood cells over one month study period and corrected
for predose baseline value; “ratios of 40,000 IU q.w. to 150 IU/kg t.i.w. mean

25 parameter value for all subjects; ® including ail female subjects in both treatment
groups; rincluding all male subjects in both treatment groups; 8 statistically different
(<0.05) between male and female subjects. |

'FIGURE 58: Treatment-emergent adverse events by preferred term for individual
30 subjects in Clinical Study EPO-PHI-373.

FIGURE 59: The mean changes from baseline in iron, femitin, transferrin saturation,
and other serum chemistry parameters by both treatment group and study day. Group
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EPO PHI -373. FI GURE 56: Profile of nean (SD) change from baseline in red

bl ood cell x 1012/L) 15 by study day for the efficacy population for all
subj ect s. 0%%715 circles represent Goup 1 (15081 DECQ03 PCTIS0042629t he
closed circles represent Goup 2 (40,000 N g.w). The paraneters obtained
are listed in Figure 55. FIGURE 57: Mean pharnmacodynam c paraneter val ues

corrected for baseljne v 20 %V is the percent coefficient of
variation. g 1@@‘%@?9?&/@ trld‘(n@%/%!)é éf’P“P/E weas pdministoned 40,608 IUMKgGe one
mont h studw_wghimﬁu@ypguﬂgmpﬁﬂﬁg predose baseline value;, b AUC of

henogl obi n over one nonth study period and corrected for predose baseline
value; ~ AUC of red blood cells over one nonth study period and corrected

for predos BRE dgie 3 ' f g W, 1. 5 kg t.i.w
mean 25 pa(rigréret er&{;al]ﬁ'glprbgirleg{#g@u%in t@ﬁqb%%@?{#i‘ﬁ’d" Sﬂq’gffé‘r@%%nbj ects in
bot h t r at feetitreatment gsqupfand study day for SllinicakStadys BRBORHI373) Group 1t(1smt nent "
groups; s Lstjcaldy different .(p<0.0 bet e and femal e

subj ect s. jﬁ@ﬁ@'gﬁ:d#%%%?ﬂaﬁmg@md @?\‘}Bﬁ\@&g&éﬁ?&g H)WrBdF eferred term
for indivi designatéd(byselbied clroles.nTKe parhétbrs Sbtabhed FRGeritnSlisthd ARGS9 The
mean changs§ frombaseline iniron, ferritin, transferrin saturdation, and
ot her serunrchem stry paraneters by both treatnment group and study day.
Group 17 WO 00/67776 1 1 DEC 2003 PCT/US00/ 12629 | was admi ni stered 150

U kg t.i.w _EPO and Goup 2 was adninistered 40,000.1Ukg g.w in
dinicdl SFIGYRESD: pSpmmagy oftheyren changesifronpbastlinedinoitahsigm change from

basel i ne i gak Is t 4 treat qepnt 0 d study day
for dini CQGN%@&%@&W@ éé}g(nr@ogﬁ% (hﬁ(%“llﬁwgaﬁmﬂl%tyyﬁﬁﬁ‘esi ghat ed
by open ci PHI-d#.and Group 2 (40,000 U kg g.w) is designated by closed
circles. The paraneters obtained for ferritin are listed in Figure 59. to
FI GURE 61: Summary of the nean changes from baseline in vital sign

measur emenFIGURE 62ndSstieshatit fepreserBitionof Helth6del Ehriedythropoitsik sfiﬁiuﬂti#lﬁ'i cal Study
EPO P -Béé%. FI Q% 2: Schematic representation of the nodel tor

er yt hr Opoi $° °§t’ ing 15 effects of rHUEPQ

FIGURE 63: Pharmacokinetic parameters after tHuEPO dosing of EPREX® and
PROLEASE®. |

20 FIGURE 64: Pharmacodynamic parameters after tHuEPO dosing. The reticulocyte
data for males and females were analyzed ée"parately. These parameters may reflect
some slight pharmacodynamic differences based upon gender.

FIGURE 65: Profile of pharmacodynamic parameters after administration of 600

25 TU/kg/tiw. EPREX® for 4 weeks. The mean rHUEPO concentration-time,
reticulocyte concentration-time, and RBC concentration-time profiles are shown. The
male subjects are designated by the closed circles while the female subjects are
designated with open circle.

30 FIGUREG66: Profile of pharmacodynamic parameters after administration of 150

IU/kg/ti.w. EPREX® for 1 month. The mean rHuEPO concentration-time,
reticulocyte concentration-time, and RBC concentration-time profiles are shown. The
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FI GURE 63: Pharmacoki netic paraneters after rHUEPO dosi ng of EPREXO and
PROLEASE(r). 20 FI GURE 64: Pharmacodynaniic paraneters after rHuEPO dosi ng.

The reticu ata for males and fenal es r ze ly.
These par aﬁwg‘?@"ﬁ‘gy reflect some slight phaﬁaﬁgggmﬁ'cgﬁiﬁggq@h@es based

upon gender. FIGURE 65: Profile of pharmacodynam c paraneters after

adm nistration of 600 25 U kg/t.i.w. EPRBX(r) for 4 weeks. The nean

r HHEPO conGg4ls kati i thy : Wal( 'Hg?cts d RBC
concentrati on- E“l% rjrée& g?gfd?f;g&gr quhgg%é?%!lzﬁlg@ﬁrﬁr{aﬁ g’ggttg?g%‘!t‘ aragrgdesi ghat ed by
t he cl osed depignated withiopen titede. f enml e subj ects are designated with open
circle. 30 FIGQURE 66: Profile of pharmacodynam c paraneters after

adm nistration of 150 I1UKkg/t.i.w. EPREX& for 1 nonth. The mean r HUEPO
concent r at IFIGURE€7: Prefile of phanyicodymamie parametersrafter administrationReE

concentrati L N Ba®! Of J are, sho Thg 18 0 7776 ' 11 DEC 2003 .
PCT/ US00/ 13‘&@[‘%5 Eﬁ(ﬁﬂ(’bi‘?’é‘ﬂfﬁh s'&é‘??"&ﬁ‘a?@%f %sﬁn\'\ﬁﬁegﬁéa%ﬁnmqa-@em le the
f emal e subjretidutoc¥eonti@titiatidtafie and RBO§m0ertiation-fime/préfiledaré showi. oftid € of
phar rracodynach araneters after admnistratjon of 5 PRO_EASE(r) at 2400

| U kg/ mt h™ Saigpubiertsare dasignated by the glesedciseeswhile the ferpale subjects aret | cul ocyt e
concent r at igesighdte®PwitRBfer dieleconcent ration-time profiles are shown. The

mal e subj ects are designated by the closed circles while the fenale
subjects are designated with open circle. to FIGJURE 68: Sinmulations of

henogl gpi n F&%E@%%Saf Sﬁ'ﬁ?l@ﬁuﬂs ok ﬁ%u?t?#mle%lg Ighhérf &ggtﬂﬂ%?ﬁfﬂ:e?&it mens of

r HHEPO. FI GU 9: 'Sinul at1 ons enogl an response versus tine

profiles fdosesiregimEmirbuEPOegi nen of 600 | U kg/wk for 24 weeks in

conparison to giving a total 15 dose of 40,000 I U wk of rHUEPO to subjects

wi th body weights of 50, 70 and 90 kg. FI GURE 70A: Sinmul ations of

reti cul ocy FEGURB®9: aSimiietions bpkentoglstipad-sRBE m?orse versi®tife pfofiléYot N cancer
t.1.

patients fqr EPO dose reqipen of 150 | U/ kg w. for 12 weeks. 20
PrGURE. 7onthedt Bt dhse Tomemes of 600 1Ry e forc2d wasks e soipoRting o GRS $ Biflons e
Versusis  dose of 40,000 IU/wk of tHUEPO to subjects with body weights of 50, 70 and 90 kg.

FIGURE 70A: Simulations of reticulocyte, RBC, and hemoglobin response versus
time profiles in cancer patients for the EPO dose regimen of 150 IU/kg/t.i.w. for 12
weeks.

20
FIGURE 70B: Simulations of reticulocyte, RBC, and hemoglobin response versus
time profiles in cancer patients for the EPO dose regimen of 300 IU/kg/t.i.w. for 12
weeks. :

25 FIGURE 70C: Simulations of reticulocyte, RBC, and hemoglobin response versus
time profiles in cancer patients for the EPO dose regimen of 450 IU/kg/t.i.w. for 12
weeks. '

‘FIGURE 70D: Simulations of reticulocyte, RBC, and hemoglobin response versus

30  time profiles in cancer patients for the EPO dose regimen of 600 IU/kg/t.i.w. for 12

weeks.
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tinme profiles in cancer patients for the EPO dose reginen of 300

U kg/t.i.w_for 12 weeks. 25 FIGURE 70C. Si Iieio of reticul ocyte,
RBC, and h¥P63TPn response versus time proﬁll1 G A0 an RET/UMPMIAY s | or
t he EPO dose reginen of 450 U kg/t.i.w. for 12 weeks. FlIGURE 70D

Simul ations of reticulocyte, RBC, and henogl obin response versus 30 tine

profiles i oatients far the EP se r.egi .of 600 U kg/t.i.w
Por 12" we SHGBRES off Rimsiatons st raicplosrpoRbComd QPEeRES, OF.

Si mul at i onsinfpréfles it danbetipRtierdtBfor thE'EPO ARG SikieR of 560 Y& fgpq2 tine
profiles in capncer pat i entﬂg for the EPO do‘segr egi men g%%gl(sg I&?Eg/t oW
for 12 weMesks.5 F| GURE 71: Mean henogl obin time concentration profiles by
day for i mmunosuppressed (1S) and non-i nmunosuppressed dogs. The cl osed

circles represent EPO admi nistered at 50 |Wkg/d IS dogs, the closed
squar es5r e FIGUBE!71EPMeandemnglobiartime eancBoration prpfidestbyiday.forf or non-1S dogs,

the open tg repr ts,EPO. adm nister at 600, | U/ kg/wk for |S dogs, '
the of oo oq thiikaiph@blea T3] aid RorumRb diniesied fladh, Tha Rlaseeinac o) vk for o
non-1S dogkpr&bﬂnrmi&ﬁirﬁﬁt&wamW&s@ﬂégssmbicmm Suaies Péprésent BED) dogs, and

t he shaded ¢ctagons represent .the saline control for non-1'S dogs. FlI GURE
72: Mean ré@ wgaaj E'éqonfq‘ﬁféiéﬁ'n Mopd® degs. theopen iangle represents E

| unosupp ﬁﬁ’éﬂer@&'gtmq{ y{gmg%mr s 938 tri %ﬂé&ﬂt bHCl es represent
EPO admi ni é?g.rg at 50 | g/d IS éogsfﬂ‘iﬂe cl (l)ésﬁg%ss uar esﬂr'%pr esent EPO
adni ni 40 er administeed at §00JUkg/'wk foy n dogs: theslored diamonds repessentrsalineg| e
represents Wl "[.%(m %! * tosed
triangl es F@;@éggﬁgdég%ﬁ&a%sﬁ%% er é%h%%% ﬁf‘ﬁé‘ﬁ‘\ﬁ«d&?@r" fgrcl)gﬁ‘-nfgsodogs; t he
cl osed di adogsds represent saline 20 control for IS dogs, and the shaded
octagon represent the saline control for non-1S dogs. FIGURE 73: PK/ PD

nodel for rHUEPO i n nonkeys. 25 FIGURE 74: The fittings for the rHuEpo
concent r at FIGUREMR: pMehn redblédd il time-concentration profiles by day for

15 immunosuppressed and nonimmunosuppressed dogs. The closed circles represent
EPO administered at 50 IU/kg/d IS dogs, the closed squares represent EPO
administered at 50 TU/kg/d t.i.w. for non-IS dogs, the open triangle represents EPO
administered at 600 TU/kg/wk for IS dogs, the closed triangles represent EPO
administered at 600 IU/kg/wk for non-IS dogs, the closed diamonds represent saline

20 control for IS dogs, and the shaded octagon represent the saline control for non-IS
dogs. '

~ FIGURE 73: PK/PD model for tHuEPO in monkeys.

25 FIGURE 74: The fittings for the rHuBEpo concentration-time profiles after
administratigns of three single intravenous doses and six single subcutaneous doses of
EPREX®. The parameters obtained are listed in Figure 75.

"FIGURE 75: PK parameters in monkeys.

30
FIGURE 76A.: Mean reticulocyte concentration-time profiles for the 400 IU/kg, 1000
IU/kg, and 2400 IU/kg dosing regimens.

20



adm ni strations of three single intravenous doses and six single

subcut aneous doses of EPREX*. The paraneters (G)fl ained are listed in Figure
75. FlI GUREVOHVEHIS par anet ers i n nonkeys. 30 FI AURDEL6®03 NBREHUBW(12629| ocyt e
concentration-time profiles for the 400 | U kg, 1000 11U kg, and 2400 | U kg
dosi ng regi nens. 20 WD 00/ 67776 11 DEC 2083 PCT/USOQ 12629 FlI GURE 76B: Mean

reticul ocy tration-tine profiles for the 5000 I 20, 000 I U kg,
and 40, oooﬁmc’gﬁsmgﬂ F@ﬁwﬁ%‘ﬁ%&%ﬂﬁ"#ﬂ°Wﬁ’ﬁé?"&m%qpﬂ‘ﬁmnkeys. 5

FI GURE 78A20,mm/ﬁ?%/(§ngqomom&§ugﬁng}egﬁn@gpfi les for the 400 I U kg, 1000

1U kg, and 2400 10/ kg dosing regi mens. FlI GURE 78B: Mean RBC

concentration-tinme profiles for the 5000 I U kg, 20,000 10 IU kg, and

40, 000 11U I?ﬁﬁi %&E‘Eﬁ . 79A: Mean henogl obi n concentration
profiles fgg} e728%15$ g%fﬂa?%%l kg, and 2400 | U kg dosing reginmens. 15
FI GURE ¥9B: Mean henogl obin concentration profiles for the 5, 000 RI/kg,
20,000 R 40, 00 K 0si ng reqi R 80, araneters

i n hunans. é@’&?@ﬁé‘%&“ pr%/gg.geﬁ&até n'&BF p&,gg%gsg fhﬁ ‘ﬁgjﬁ{]@’ I@M&ED

DESCRI PTI Chad2400 16/Kgdeivg réditmérs, i S understood that the present invention is

not limted to the particular 25 nethodol ogy, protocols, and reagents,
etc., described herein, as these may vary. It is also to be understood

that the tRIGUREY798YMEERBOoReRtritionUiRéE protiles!fbiethe SORPRFKE 20,0805 Cr | bi ng
particul ar_enbodi nents only, and is not Iintended to limt the scope of the

pr esent0 i nik¥kg,iapd 40,000 Fij&kg dpsingwegimaenshat as used herein and in the appended
clainms, the singular forns "a," "an," and "the" include plural reference
unl ess the context 30 clearly dictates otherw se. Unless defined ot herw se,
al |t echni FIGURE @9AcMean hdmaglabir concentmtiom prodiles forthe 400 Bd/kgal®0neani ngs as

comonl y %ﬁ,%&%o%&gﬁosﬁgrggri%ie%r.y skill in the art to

15 FIGURE 79B: Mean hemoglobin concentration profiles for the 5,000 IU/kg, 20,000
IU/kg, and 40,000 IU/kg dosing regimens.

FIGURE 80: PD parameters in humans.

20 FIGURE 81: PK/PD model for tHuEPO in humans.

DETAILED DESCRIPTION OF THE INVENTION
It is understood that the present invention is not limited to the particular
25 methodology, protocols, and reagents, efc., described herein, as these may vary. It is
also to be understood that the terminology used herein is used for the purpose of
describing particular embodiments only, and is not intended to limit the scope of the
present invention. It must be noted that as used herein and in the appended claims,
"the singular forms “a,” “an,” and “the” include plur_al reference unless the context
30 clearly dictates otherwise,
Unless defined otherwise, all technical and scientific terms used herein have
the same meanings as commonly understood by one of ordinary skill in the art to
which this invention belongs. Preferred methods, devices, and materials are

21



which this invention belongs. Preferred nethods, devices, and materials are
21 WD 00/67776 11. DEC 2003 PCT/ US00/ 12629 5 descri bed, although any
met hods an®H¥6ZF™6al s sinilar or equivalent to (ibPEC 2003scPCTENOMR62i n can

be used in the practice or testing of the present invention. Al
references cited herein are incorporated by reference herein in their

entirety. Lu}, AUC of eppetin.,alfa.concentration in serumfromtine O
to 168 houﬁ%'%éﬁ@@%&ﬁﬁm@ﬂméﬁ’F‘E‘Elm}leﬂl’,&yﬂ'&”ﬁ’rﬂ!ﬂiﬁbasel i ne

DEFI NI TI ONQesciibBd héginccai e i th& Brabiist Mﬁn ifVaREGEN&RNL ration
vs. time curye 10Ap%HEIVp) AUC of charllgeri n ang‘gfgﬁﬁ{t%édgﬁg’gsé I ne

AUC( RBC) Aurfersncesicitad herein are ingorposated by teferende herstninttheif ensirethasel i ne BUN

Bl ood Urea Nitrogen C Degrees centigrade Cm XMaxi mum concentration Crin

Predose trough concentration AUC fromtinme O to 168 hour CL./F
Cl ear anée/ bi oavai l ability 15cm ceDEFEINBIONS- Case Report Form

CVoCoeffic 'a%“ of va%g&&@dic&?h%%g standard devi ation d Day
AUC Area under the concentration vs. time curve
AUCp.i65y  AUC of epoetin alfa concentration in serum from time 0 to 168 hour
AUCRETI) AUC of change in % reticulocytes from baseline
10  AUCHEMO) AUC of change in hemoglobin from baseline
AUC(RBC) AUC of change in total red blood cell counts from baseline

BUN Blood Urea Nitrogen

°C Degrees centigrade

Conmx Maximum concentration
15  Cumin Predose trough concentration AUC from time O to 168 hour

CL/F Clearance/bioavailability

cm centimeter

CRF Case Report Form

CV% Coefficient of variation, relative standard deviation
20 d Day '

D Dose (amount)

dL Deciliter

g Gram

h Hour
25 Hb Hemoglobin

Hct Hematocrit

HIV Human Immunodeficiency Virus

IRB Institutional Review Board

1 Negative feedback mechahism
30 IV Intravenous

kg Kilogram

L Liter

LDH Lactate dehydrogenase
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D Dose (anmount) 20dL Deciliter g G am hHour Hb Henogl obin Hot Hematocrit
25HV Human | nmunodeficiency Virus | RB Insti tUti?rhﬂc vi ew Board | Negative
f eedback ME@AYUFT’I N | ntravenous 30kg Kil ogram-tid DPEEE04{12629

dehydr ogenase 22 WD 00/ 67776 1j. DEC 2003 PCT/ US00/ 12629 LOQ Limt of
Quantitation ug Mcrogram(also g) nmg MIligrammn Mnute 5 nL

MITili terL%A Not %ﬂﬁﬁﬁhﬂtﬂﬁ%l abl e ng Nanogram

ug Microgram (also pg)
mg Milligram
min * Minute
5 mL Milliliter
N/A Not Applicable/Available
ng Nanogram
nm Nanometer
NMR Nuclear Magnetic Resonance
10 No. Number
NS Not statistically significant
OTC Over-the-counter
q.w. Once per week
QC Quality control
15 r Correlation coefficient
P Coefficient of determination
RBC Red blood cell
REF Reference
RETI Reticulocyte
20 RIA Radioimmunoassay
rHuEPO Recombinant human erythropoietin
RWIJPRI The Robert Wood Johnson Pharmaceutical Research Institute
SC Subcutaneous
SD Standard deviation
25 SE Standard error
SEM Standard Error of the Mean
SGOT Serum glutamic-oxaloacetic transaminase (AST)
SGPT Serum glutamic-pyruvic transaminase (ALT)
tnax Time of maximum concentration
30 tiw. Three-times-a-week
TIBC Total iron binding capacity
tin Elimination half-life
WBC White Blood Cell
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nm Nanonet er NVR Nucl ear Magnetic Resonance 1 o No. Nunber NS Not
statistically significant OIC Over-the-counter , g.w. Once per week QC
Quality cofY®O¥$1%  Correl ation coefficient r23doBEG i2H3eRCTFS00/12629

determination RBC Red blood cell REF Reference RETlI Reticulocyte 20 RIA " .

Radi oi mmunoassay r HUEPO Reconbi nant human eryt hropoi etin RWPRI The Robert
Whod Johns C | 1 nsti SCSubc neous SD St andard
devi ati on W tawgélﬁg%ﬁéarlﬁ?&%a‘%#g%g@ﬁ%P T§T"”P§l°a%an SOOT Serum
gl ut am c- oxal oaceti c transam nase (AST) SOPT Serum gl utam c-pyruvic
transam-nase (Al Ti maxi mum concentration 30 .t..0i.w,

Three- ti mes- a- week 8 F@#&'ﬁﬂ“’ F?TB‘H t%WJP%@&%HWﬂc%ﬁshﬂ@weﬁat i on _
hal f-1ife \eikkiidiferBhtiation 60fel bldd Wl PR héhbtopoistic dMih caiBnd CT/ USCD 12629
VWHOART Worl d Heal th Organl zation Adverse Reaction Term nol ogy EPO as _

def i ned Sherstimylatesthe produciion of hemeglobine Forexamplscbytimot tal linyit the seopeot s
termnal dighd flebunl nfbeheftd, BPO'mRSleciidd Wy ifitihdo e BrPEiPE RGIgRRI,C Stem cells

and

molecules, synthetic or natural amino acid peptides, purified protein from
recombinant or natural expression systems, or synthetic or natural nucleic acid
sequences, or any chemical derivatives of the aforementioned. Specific examples of

10 erythropoietin include, Epoetin alfa (EPREX®, ERYPO®), Novel erythropoiesis
stimulating protein (NESP) (a hyperglycosylated analog of recombinant human
erythropoietin (Epoetin) described in European patent application EP640619), human
erythropoietin analog — human serum albumin fusion proteins described in the
international patent application W09966054, erythropoietin mutants described in the

15  international patent application W09938890, erythropoietin omega, which may be
produced from an Apa I restriction fragment of the human erythropoietin gene
described in United States Patent No, 5,688,679, altered glycosylated human
erythropoietin described in the international patent application WO9911781, PEG
conjugated erythropoietin analogs described in W09805363 or United States patent

20  5,643,575. Specific examples of cell lines modified for expression of endogenous
human erythropoietin are described in intetnational patent applications W09905268
and W0O9412650. A preferred form of EPO is purified, recombinant EPO. For
example, purified, recombinant EPO is distributed under the trademarks of EPREX®,
PROLEASE®, or ERYPO®. Specifically. Epoetin alfa (EPREX®, ERYPO®) isa

25  sterile clear, colorless, aqueous solution for injection, that is provided in prefilled,
single-use syringes containing either 4,000 or 10,000 IU epoetin alfa (a recombinant
human erythropoietin) and 2.5 mg/ml human serum albumin in 0.4 ml (4,000 IU
syringe) or 1.0 mi (10,000 IU syringe) of phosphate buffer.

EPO also includes those proteins that have the biological activity of human

30  erythropoietin, as well as erythropoietin analogs, erythropoietin isoforms,
erythropoietin mimetics, erythropoietin fragments, hybrid erythropoietin proteins,
erythropoietin receptor agonists, renal erythropoietin, oligomers and multimers of the
above, homologues of the above, and muteins of the above, regardless of the
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5 stinulates the production of henogl obin. For exanple, but not to limt
the scope of the present invention, EPO nol ecul es may include snall

organi c or woegédy ¢ nol ecul es, synthetic or nagyr, | 'l?(?é tides,
purified protein from reconbinant or natural ex 3es cl g@bsm;s er?g’,lﬂgir)

synthetic or natural nucleic acid sequences, or any chem cal derivatives
of the aforenentioned. Specific exanples of to erythropoietin include,

Epoet i n al fioloeRmstvity of Y Baie, khd AR Aleg RS BFARAARA o dyntAskRlE N Protein
(NESP) (a hyperglycosyl ated anal og of reconbi nant human erythropoietin
gfmcﬁgathemémcbm

(Epoetin) dB byt aotlimitedsp mpueally opcurisg gecombindntinan
eryt hr opoi ey =+ ) b 1 s Ied in
t he interﬁsg?fiﬁgﬂée]ll e‘é‘ﬁ’[ a%fl?gﬁ{{ﬂgﬁwg%gg,?wep%ﬁ{og%ﬁeﬁﬁﬁ%%f ants
descri bed ‘jandmethotislogies donraodustiah areatesonibediinpe.g; 81 S. Paterdd 0L STAG,644,
eryt hr oRoi a4 ' r,ad r I restriction
fragmen o?"t ’é@éﬁﬁﬁgw’wyﬁ f@#%%ﬁ’gﬁ?gﬁﬁgzhggﬁdd“e{&g%@@ﬁﬁﬁﬁi%@d St at es
Pat ent No. %02008065,947,933, end5,441,868)syl at ed human erythropoietin described
in the internati t ent licati W)9911781, PEG conj ugated

eryt hropoi etin §%%$ﬁﬁ§%@ﬁ8@&sldﬁéﬂfég‘ﬁﬂ% erg fo the de W%Pﬁ%@%suﬁﬁtent 20
5,643, 575. dopaeiof EPORiRaH clicatidn livbryldevios. TROhEdiQioh AeliferPUSASd i Of
endogenous __hunman_ erythrqpojetin are described in international patent

appl i cat i oPEnefgirthe spidermisof the individual to be traated cgndgesults invingpdwaiag the puri fi ed,

r econbijpan . bd d ; [ e ' | | but ed

under tIEe :dfgﬁg#g?% o(f)‘??%‘%g;l(:? H,kﬁlbgP@',E‘ﬁgé r E , T%?%Eh‘%gﬁﬁcg@él fically.

Epoeti n al PEeSemimyERtion l,naEiNh‘(d(er‘l)t is ot dingited & anyittaditionalchypoderinic heedle, aqueous

sol ution feg.d i 661 ] X j.ded, i fill.g l.ngl &-use syringes

cont ai ni ng%?‘%tﬁgé’reﬁﬂb%%;r}&?@ %658&'& %gﬁé%%@%ﬁ?ﬂ%%ﬁ@ﬁ‘ﬁmhu)r/nan

eryt hropoi njeciyrs free, Qg.SUrﬂgPaﬂenhNoga6.73&02%&&9&;0&6,6,95!7,8864&:{& 5,851,0930 | U

oI 00E) home et SRR o AR By B BB O N Sl 1

eryt hr epoi sthich seamn EROIconcentrayérsrsagtaingt aboverhis leess wilk proriotefhei et i n i sof or ns,
th I etd ] ti . tr, leti f t hybr i th I eti

rot el o Citfepenelich pEing RACSIRGmys haGss Contsmly. abpERB0r et e

ol i gomers  atentedtionsRiattaihed Hifow @ireiEld 1ARIWIIPAL Sad 6 tHe f: and nuteins

of the above, regardless of the 24 WO 00/67776 1..1 DEC 200

. PCTI USOQ 188igplgcytes into RBCs.
A patient, as described herein, includes individuals who require dueto a

20  disease state, treatment regimen, or desire, an increase in hematocrit, RBC number, or
~ oxygen capacity. a
| Infrastructure domain, as described herein, includes the operational aspects of
the system which are largely transparent to the user of the system. Examples of
infrastructure domain items include services which implement concurrency,
25  transaction support, data structure support, and security services, etc.

Business domain, as described herein, includes all of the operations and logic
concerning the actual functionality of the system as it i-egards the actual business
models and methods being implemented by the system. For example, if the business

" model was prdviding an EPO dosing regimen and selling the dosed EPO, the business
- 30  domain logic would include all of the aspects of running the business. This would
include manufacturing, buying and selling EPO, checking and establishing credit for
customers, etc. It is important to note that the business domain does not include
support for infrastructure-related activities.
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bi ol ogi cal activity of the same, and further regardl ess of the nethod or
synthesis or nmanufacture thereof including but not limted to naturally

occurring, weegeikienant, synthetic, transgenic, ct | vat ed met hods,
e.g., EPOli1ke proteins. Such EPO and net hodol o@ﬁl&@&’ ¥8 ar e

described in, e.g., US. Patent Nos. 5,716,644, 5 5,674, 534, 5 916 597,
6, 048, 524, 5, 994, 127 5,955, 422, 5, 856, 298, 5,756,349, 5,621, 080,

5,547,933, and %.Eﬁ herel n refers
to the del i ver y%ﬁﬁgﬁ%ggﬂbed (%gggbf)efsé&ﬁ%khﬁ&dé %E%d??g% ery
devi ce. Thé"hﬁﬂ!ﬁEBQ@MM*M%M#O.@QOMSOpmmemfermhecoaﬁucdm‘em s of the

di vi dual dd
of EPO. | nt oS “THLEH @ pPRRO HEIHaloR o b UBE BB b} s o BB e
Er esgnt | n\pmnenmr cetly. ‘I‘l:m:dt eumhel,do_belbeBOriMddutﬂ‘std ﬁcairbmnamy“hm?ﬂg ti onalt
er e ectors, .air-powesed needle-less jinjectors, je
|%Jpgcto s, ;’}}c% °m &ﬂ‘#?é’e?f QPqéestéepqq%ugﬂlﬁ,sgcopg@gsejché’ Wlltl{!’k Pat ent
Nos. 5, 730 adidhistéred8110062§s folloWing tBE hitid Adse) alPprefePibly a ttﬂsglﬁ 9% tgvel , as

defined herejn, refers to a serum EPO concentration at ser um EPO.

concentr at mwgngtstcamaaatmmek&teﬂgwmﬁb«r figgt EPOpiOEﬁm)t e the d| fferentiation
of 'young RBCs | fThi3 agfc tﬁl’%}{ﬁ& idﬁsté PQong?&gentratlons
eve

mai nt ai ned bel ow threshol d the maturity of
reti cul ocyPediferstion Qflawhmﬂd pragenitor cellﬁsbym mtbféd rﬂaseofv;etlcuimdytntes

di I
oot VL 962! reMiod Gibafitn. INRed dhele 86 diRERRRRh Fgfculdcy e pRil 6{;@& ren. or
| nf r ast r uc rangingdromn 5110 lztda)mand rétimadd tocpredose lévelsatithnes g ltsmaysatnhenal

Syotem e ifFESTSRS Pty Gogeds dhowtd 10 7 dhan FRblosdeimustiomes whi ch
i mpl ement  Therefore, one mu&ﬁmtﬂims%hmcmpsdﬂ D@&fgtred galsdo gﬁﬂe‘dﬁﬁﬂﬁ@bﬁb@por t, and
ces, etc. Business donal n, describ herei n, 1ncl udes al |

t
ot e Do faAg n fopuk 340 14 A58 R6er desing. 458 hapatbasized it EPOrisdeatiyetdy ¢ e
systemas for ﬂfc@ﬁﬂﬁﬁﬁoﬁ Beth Ghwiid m&‘éﬁl’lﬂﬁ&%natm@& éelﬁraqnﬂgbaggﬁo%' ng

I mpl enent ed t.he, system For_ exanple, 1f the busines

provi di ng %@F" pmof the EPQdherapy M@WW@@%M&Y@QM@@ Snd!leofﬂael ness 30
domai n | ogagy ess. This
woul d i ncI ude manuy %en'gd,‘ l’égéﬁ ng a ceﬁ@o%ﬂ%ﬂé Eﬁr#ggugllhtgl

est abl i shlmhmnwmemmorothersimmmtem C. i s inportant to note that the

business domai N Qi Jerrbd Ghsidfment of the present invention comprises a dosing

20  regimen wherein EPO is administered in a dosing cycle comprising two or more
cycles, in which EPO is administered once 4 week for two consecutive weeks. The
length of time between dosing cycles preferably coincides with the lifespan of RBCs.
The lifespan of RBCs is typically 120 days, however this may time may vary due to a
disease state or treatment regimen. Therefore, preferably, the subsequent cycle of

25 EPO will preferably be administered 60-120 days following the previous dose.

A preferred embodiment of the present invention describes a pharmacokinetic
model_ for serum EPO concentrations in healthy volunteers following intravenous (IV)
and subcutaneous (SC) dosing as well as a pharmacodynamic model of SC EPO
causing changes in reticulocyte, RBC numbers and Hb concentrations in blood. In

30  addition, specific examples will follow utilizing the PK/PD models of the present
invention, These include: determining expected differences in hemoglobin responses
for various dosage regimens of rHuEPO; assessing the effects of subject body weight
on the expected response to maintenance therapy with rHuEPO; and investigating
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support for infirastructure-related activities. 25 WO 00/ 67776 1-1. DEC

2003 PCTI 9 A preferred enbodi nent of t t ol '
descri bes@%&%ﬁé regimen wherein EPO s adrﬁ-ﬂﬁs‘?@f@gaggﬁ%ﬁ%%i,z%o | U kg

once a week for two consecutive weeks. The first dose of EPO facilitates
the production of reticulocytes fromRBC progenitor cells. The second dose

pr of i 1 e of "Ppinet il gl bl e hobid i o el Ve e RREREY 0”61 °
days fol | omeatmentie initial dose, and preferably at the tinme when the

reticul ocyte concentration peaks following the first EPO dose. This aspect
of the present invention relates to the stimulation of the proliferation

of eryt hr oPHARMAMIOKINETIC MODEIERNDANAL¥SIS:| ease of reticulocytes in

to the blood cipculation. After single dose adm nistration, reticulocytes
peaked &t ti rresﬁﬁtaﬂgw@m%ﬂé@msanigcde (Rbamacokingtics teergobtaised | evel s at
tinmes up t | ' | hﬂrﬁ&é’ tage i s about

| to 2 day?ﬁ@ﬁé&“f%ﬁ?%%ﬁ?%?gﬁbsﬁyg? g‘r’ﬁét,ﬁa%ge S |+ﬁﬁg in the art
woul d expeBeseprshngstituel (RWIPRI) Thigxensisted of twoecamparable, openclabelf i on i n about 7
to 14 days_affer | |.S g h PO 1S regui 5 for the
mat ur at i onn@P". f@g’g’mgl’ p%ﬁ@g%ﬂh@%ﬁh@?%ﬁl@d\%&@@% ‘HE%F ﬁgﬁé s 7to 14
af ter ]Ehizivaiadnﬁhid smdiseimﬁsﬁaﬁbsmdﬁwyframh lx\:ﬂoosatbocs?o,soo,a\mo,avgraglel life
span o t subj ect s e life matyre red cells
coul d A& sg%ﬁq' Zgosor #\W@%F&d ”JP{'@H{‘&‘?P@"&%W%F' i?&lﬂt}/ﬁémﬁ?%&%% st at es.
Anot her pr kel fof oue Weeleh dB00T0 kg Ghelpef WoEk for FoGE Webld) PasRédtmest @ dosi ng

20 regi nen wherein ERPO is adm nistered in a dosing cycle conprising two or

nmore cycl S0UP had HpHLICES=PO i s admi ni stered once a week for two consecutive

weeks. The e ' ' O drdi pncides with
the lifespan O@@@ﬁgg@@ﬁgﬁﬂg@&%&@yﬁ@m céﬁ{sﬁ%ﬁg ays, however

this may t¢areected jonhassling yaluesbecaugy the medicimmuneasssy usedequidnet r egi nen.

acim ni & o SR Benn EfEBHARIENS By SNFED. dhebiadiP RO conPlaiafigs ¥ °°

enbodi nent foota&hubjpctemnbteimi;md@t;meﬁg?g nhdqnedoa? p(ltlllmr(m,cﬁt)i and30@inyodel for
EPO trati ' t . i i nt I
and- subout THASHue et bidend g0E0t B dRee ViR A aeB sipait 40 ARABIES T Sc £rb

corrected serum rHuUEPO concentration. The mean of the corrected concentrations for

all subjects was used for data analysis. Any measurement below the limit of assay
20  detection (7.8 IU/I) was not used as a data point. The intravenous data were also
corrected for baseline EPO levels.

From preliminary analysis of IV data obtained from the literature, a one-
compartment model was found to be adequate. The disposition of tHUEPO has been
reported to be nonlinear mainly because of a dose-dependant decrease in clearance

25 (see, e.g., Macdougall et al., 1991. Clin. Pharmacokinet. 20:99-113.). Therefore, the
Michaelis-Menten function was used to describe rHuEPO disposition, The IV data
for rtHUEPO concentrations (Cgpo = Ap/Vd) versus time were fitted with the following
equation:

dAp ( ¥ max ]
30 = - *A 1
dt \Km*Vd+ Ap P . ()

where Ap is the amount of rHUuEPO in the body, Vmax is the capacity of the process,
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causing changes in reticulocyte, RBC nunbers and Hb concentrations in
bl ood. In 30 addition, specific exanples wll foIIow utilizing the PK/ PD

nodel s of W@ oREARENt [nvention. These include:q ¢ejger AN o] ected

di fferences in henogl obin responses for vari ous dosage r & S 12629 1 HuEPO, )
assessing the effects of subject body weight on the expected response to
mai nt enance therapy with rHuEPO and investigating 26 WO 00/ 67776 whet her

cancer pat iKmtis theQagi ers to r HUEPO
treatment. 11 .DEC e D Ot Wt A VS S 5
Data descri tiopJateireaches anedialf Vmepang Md inthe vtliime of distribatien.obt ai ned from
clinical studiesa N§Q 0 eapan MaceLt | cal
Research Institut equﬁ‘gﬁgm"rﬁ. gp(@ﬁgfg{mgw?dlﬁ%seé P%I"é 185fen- | abel ,
randon zed,2. phoa¢-tamnpartrhent aiodelowith nan-liredr dispadition wwumeb H@ﬁnb@lﬂént eers

e o TR o PAERE 5 ) o B e P i

regi nens: hsearlyutme;, hbrictieeléss,riewonld pr&falie frehtef wpmﬂgkﬂsomﬂx &P fitddgkg one
per week fgg our eks Each treat nent subj ects. The neasured

r HIEPO con §°&F1°8‘|“P?‘HBE15@°&’&W &P?‘&@F Hlﬂamcéept&if fitings@nd or
basel i ne vab:tve@tﬂa & Ale, é‘nﬁ&'rﬂhﬂmfwﬁaéﬁba%&%%% d¥bected g | NQUi sh

bet ween endo enous O and r HUEPO. The basel i ne concenPratlon for each
subj ect wad® t%drfm %@ﬁﬁwa#&wmgmcmmm&@mee(of@onge and 30 min).
Thi's vahue compartiitmiddefd from the post-dose values at each tinme point to
obtain the <corrected serumrHUEPO concentration. The nean of the correct ed

concentrations {Tbe paramietess ohjtainedshythe fittingsl afedisted irt Bigaredl, yRhe3/d (800558

measur enen 20 .8 .l U/J was nhot 'used
as a data pi‘o' l%itaﬂ d | h@sqlmlra%’e@; ﬁ@% ﬁaewﬂﬁéiﬁ@ﬁ r}é’g ftb? T4Hg% el i ne EPO
| evel s. Fr ofireported nwmry emmitosqmﬁ Mafﬁhhgalmfaﬁlj_ir}ﬁfb id dIBpbincrbl.f erature, a
one- conpa was _f o adequat e osi tion of rHUEPO
10 i dg P detb
has been ity Lo Haemn J81137d458. larepkanyslue indicatesbatERQ pendant |
decr ease i Hispositeorrie gl 3511413‘. 86n-lifedd and h@d&i&p&ﬂh&t efihirftion wbifdbecShk N-
Phar macoki pet. 20:99-113.). Therefore,
important only at hlgh doses. Studies in rats have suggested that binding of rHUEPO
to receptors in bone marrow and spleen contribute to the saturable elimination of
rHUEPO (see, e.g., Kato et al., 1997, J. Pharmacol. Exp. Ther. 283:520-27.).
The pharmacokinetics of SC EPO was found to be best characterized by a
20  dual-absorption model with a fast zero-order input of most of the drug (87% of that -
absorbed) followed by slow first-order absotption of a small part of the drug (13% of
that absorbed). The bioavailability was found to increase with dose (ranging 46 to
100%) contributing substantially to the nonlinearity in the kinetics. The differential

equations for the model (Figure 4) are shown as follows:

25
dAp ( ¥ max )
—-~= ko(0—17)+ k(¢ > e L |
‘where
ko=0 when ¢>1
30

F "(1 - Fr) * Dose
7

ko = when 0<t<7
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M chael i s-Menten function was used to describe rHUEPO di sposition. The 1V
data for rHUEPO concentrations (Capps ApNd) versus tinme were fitted with
the fol | ovW@PO/6EGati on: 30 dAp = r V max. ) *{#APDECtAN Kor/usdodaeasA p) (1)
where Ap is the anobunt of rHUEPO in the body Vmax is the capacity of the
process, 27 WD 00/67776 1 1 DEC 2003 PCT/ USQCQO 12629 Kmis the affinity
constant or the plasma rHUEPO concentration at which the elimnation rate
reaches one-half Vmax, and Vd is the volunme of distribution, The IV
concentration- tlkrreooroflles for the various {aggs &2 shown in Figure 2. A
one- conpar t nent hodel with non-linear di sposition was used to describe the
5 ki neticsamf rHUEPO. Notably, a two-conpartnment nodel might better fit the
|V data at early tines; nonethel it would produce greater conplexity
in overall dat akthkUI*fg‘F"wﬂ%Cﬂjéﬁf ’} a onshemmpart nent nodel was chosen
as it géelve acceptable fittings and served the purpose. Also, since rHUEPO
Is a 30°KDa protein, it can be expected to be restricted to the

i ntravascul ar CPROMUEPSWas dshiifed 8 el mwmwvmam PadthinRratish. ﬂlﬂe
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Maximum Likelihood method and the extended least-squares variance model] used is

15 given by:
V(1) = Inter® * ¥(1)*™ +0.0001 where ¥(1)= Ap/Vd

Simultaneous fitting of the eight single SC doses and five IV dose levels was
20  performed. During initial fittings, Vmax, Km, Vd, ka, Fr and variance parameters
were kept constant across doses while t and F were allowed to vary with dose.
Results indicated that t could be fixed as‘a single value up to the 1350 [Urkg dose
whereas for the last two doses, a higher t value was optimal. Bioavailability F was
found to increase proportionately with dose in the range of doses tested and was
25  described by a linear equation (r* = 0.9713) as follows:

F = 0.3884 + 0.00024952 * Dose 3

For linear regression, the F value for the 450 IU/kg dose was excluded as it appeared
30 to bean outlier. Final fittings were done using this function to set F values across
doses and T was fixed to be 44 hours for all doses except the last two for which © was

set as 60 hours. This made it possible to describe all the data using a single set of
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absorbed) followed by slow first-order absorption of a small part of the
drug (13% of that absorbed). The bioavailability was found to increase

wi th dose ' 46 to 100% contributing subs | a h

nonl i neari ?{/@Pﬁd"t e kinetics. The differenti al eﬁgﬁé%@?‘%&%‘ﬁ’@mda
(Figure 4) are shown as follows: 25 1dAP=ko(0-z)+k, (t>z)-(Knr*Yd+A )*AP (2)
P where ko=0 when t> r 30 ko-F*(1-Fr)*Dose =z when 0<tSz 28 WD 00/67776 6 1
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fi rs!to -or detr“?g? é@gésgﬁgg gg?t@g%ﬁtﬂygﬁz*gqﬂ&gg& %‘r‘é” 'Fﬁﬂpe&&gﬂ%&)‘dtﬁ t he

zer o- or der 255%0 hreskiition, forvthiz 16w dbdd, it wis)riebesagry toldcrdbde the VHI(0I93WESH done

using the ADAPT Il software (see, e.g., Argenio et al., 1998. ADAPT II
User's Ui &E‘,isﬁiﬂlﬁfﬁﬁﬂ Brs.si nul at i ons Resource, University of Southern

California, LosEARGEl ind B AoW b fibh FREPORDhGEaial iR phoiler U1 0 have

been enpl oyed. Estimation of I\;)ar aneters one usli ng st-squares
|

fitting by diffesent gingleBCdosese Miswabinspestion of the §Cdata oi:al'ltyrinkﬁd%tfsdipm@quar es
V1) o Ao Vel G bt s Hpon ek o iR g snbnnsenchentitl i ve v
~dose | evel declime. Hence, a first-order absorption rate constant was assigned to capture the
10 terminal phase. The data also shows that rtHUEPO concentrations rapidly reach the
peak Cmax within one day, thereby indicating that there must be a faster absorption
process as well. This rapid upcurve was accounted for by a zero-order input'proc&ss.
The terminal slopes across all of the doses were found to be parallel indicating that a
single first-order absorption rate ka could account for this phase for all doses. The
15 fraction of dose associated with the slow first-order absorption process was only
13.1%. Thus, the majority of the bioavailable dose is rapidly absorbed within 2-3
days by the zero-order component. The first-order absorption rate ka accounts for a
slow continuous release of rHuEPO from the subcutaneous site. A similar dual-
absorption rate model was used to characterize the absorpﬁon kinetics of another
20 - macromolecule, IL-10, following SC dosing (see, e.g., Radwanski et al., 1998.
" Pharm. Res. 15:1895-1902.) h | |
Figure 6 provides the plot of AUC versus dose for the different single SC
doses. The greater than proportional increase in AUC with increasing dose indicates
that either CL or bioavailability or both are changing with dose. Elimination of
25 rHuEPO was found to be only very mildly nonlinear. On the other hand, F was found
to increase linearly with dose (Figure 7) and turned out to be the main factor
- responsible for the disproportionate increase in AUC with SC dose. At the last two
highest doses, reduced CL was also contributing to non-linearity. Figure 8 lists the F
"values for all the doses obtained by deconvolution and by fitting the data from
30 individual doses to the proposed model. The estimates obtained using both methods
are very similar, thus indicating that the pharmacokinetic model of the present
invention can 'adequately account for the nonlinearity due to changing values of F.
The cause of the incomplete and nonlinear bioavailability of SC rHuEPO is
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PHARMACODYNAMIC MODEL AND ANALYSIS

20 Data describing the pharmacodynamics of reticulocytes, RBC numbers, and
Hb levels in blood were obtained from clinical studies performed by RWJPRI. This
consisted of two comparable, open-label, randomized, parallel, placebo-controlled
studies in healthy volunteers where rHuEPO was administered at eight single SC
doses of EPREX®: 300, 450, 600, 900, 1200, 1350, 1800, 2400 IU/kg and as multiple

25  dosage regimens: 150 IU/kg three times a week for four weeks and 600 IU/kg one per
week for four weeks. Each treatment group had 5 subjects. The pharmacodynamic
end points measured were the number of reticulocytes, RBCs in blood, and
hemoglobin count.

The pharmacodynamic data were described using a cell production and loss

30 model, which describes the changes in cell numbers with time after rtHuEPO
administration. According to this model, all cells involved in the process of
erythropoiesis are assumed to be produced in a zero order fashion (k0): they live for a
fixed time period at the end of which they die or are converted to other cells. Asa
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di stribution whéRBEIE S(t~TP-R, - RBC,) ©
where
- Sm-x *(Ck,(t)"' Clu)
20 e vy @
_rov Sew *(Cp( - TP) + C,,)
St - TP = S ool 7P)+ C,, ®
S(t-IP-RL)=S""‘ *(Co(e-TP-R,)+C,) o)

SCy +Cp(t —TP~R,) +C,,
25

S(t- PR, - RBC,) Sww *(Cot - TP- R, - RBC,)+ C,,)
£ 17" SCy +Cp(t —TP- R, - RBC,)+C,,

(10)
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15 bi oavail abl e amount is so low. The sane change in Vd may also facilitate
a better fitting of the 10 | UWkg IV dose where the naxi mum concentrations
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functi (S(t)) ting on the production of precursor cells in the marrow.
The differential equations for the nodel are as follows: dP/dt = kg S(t) -

S(t - TP) ] €fle baseline conditions (steady-state levels) are defined as follows: - |

dPss dRss dRB(Css
—=0, = d =0
at z 0 = dt
20 (13) '

As aresult, the initial condition itself defines the steady-state levels.

Pss=P(0), Rss=R(0) and RBCss=RBC(0)
25 (14)

The precursor steady-state conditions can be defined in explicit form as follows:

Pss=kin* TP
30 (15)

Since the baseline condition for the precursor compartment is unknown, a value of
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S(t-TP—R RRC I L L scso +Cp(t-TP-RL -RBCL) +Cb, (10) 32 WD 00/ 67776 1.1 DEC
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concentr at I s assuned t hat
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Hb(¢)= Hb,,, * Nocells(t)
(16)

10 As depicted in Figure 1, erythropoiesis involves a cascade of events. The
precursor compartment in the model is representative of all cells in the bone marrow
involved in this process which are eventually converted to reticulocytes. The time TP
thus serves as an average length of time taken for the earliest precursor cell stimulated
by rHUEPO to undergo the cascade of differentiation processes to finally get

15  converted to a reticulocyte. In other words, it accounts for the time delay seen for
reticulocytosis to be initiated by rtHUEPO. Once a reticulocyte is formed, it exists for
a time equal to Ry, at which point it is converted to a RBC. It is assumed that the
primary way by which a reticulocyte could be lost is by conversion to an erythrocyte,
except for the subthreshold condition. The model does not account for random

20  destruction of cells such as bleeding. Hence, the production and elimination rats of
all these cells can be represehted by a single zero-order rate constant k0. Once an
RBC is produced, it in turn survives for a period of RBC;. days after which it
disappears from blood.

The transformation of a reticulocyte to RBC occurs partly in the bone marrow

25  and partly in the blood over a period of 72 hours (see, e.g., Jusko, 1994. Clin.
Pharmacol. Ther. 56:406-19.) Reticulocytes are formed in the marrow and by
diapedesis, they pass into the circulation where these immature cells develop for a
period of 24-48 hr before being transformed to erythrocytes (see, e.g., Guyton, 1996.
‘Textbook of Medical Physiology, W.B. Saunders, Philadelphia.) Since rHuEPO is

30  known to stimulate the premature release of reticulocytes from the marrow, it was
assumed that these newly born cells spend their whole life span of 72 hours in the
blood under rHUEPO stimulation. Consequently, the life span of reticulocyte, Ry was
fixed to be 72 hours. The RBC life span, RBC_ was fixed to be 120 days and the Hb
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the stinmulation function for nodel equation (6) was adjusted as follows: 10
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to finally get

10 ~ stimulation of erythropoiesis. The SCs value obtained was 23 IU/L indicating that
low serum rHuEPO concentrations were sufficient to maintain stimulation, A
threshold concentration assumed equal to SCso of rtHUEPO was found to be essential
for conversion of reticulocytes to erythrocytes in the blood. Single doses of rHuEPO
up to 900 IU/kg were incapable of maintaining rHUEPO levels above this threshold

15  during the time of RBC production. This explains the lack of increase in RBC
numbers in spite of stimulation in reticulocyte production after administration of the
four lower single SC doses, consequently yielding only a very slight change in Hb for
a brief period of time. Also, the threshold concept explains the better responsiveness
of Hb levels to rHUEPO multiple-dosage regimens, which caused a significant

20  improvement in Hb levels. The parallel nature of the study produced variability in
responses to different rHUEPO doses, but a single set of parameters provided
reasoneble characterization of responses to the range of doses and regimens.

Figure 11 shows the mean reticulocyte number versus time profiles for all

single SC doses. The reticulocyte counts slightly increase compared to predose levels

25  immediately at the first sampling point. This level is maintained for 3-4 days after
which they steadily start rising till the peak is reached around 200-300 hour. Then,
counts start declining rapidly with an apparent half-life of 25 hours to reach baseline
levels by day 22 (528 hours).

The data and model fittings are shown in Figures 12A and 12B. Parameter

30  estimates obtained by fitting the pharmacodynamic equations to the data are presented
in Figure 13. A Ks of 0.3709x10'° cells/L/hr was obtained which translates to
4.451x10'° cells/day assuming a blood volume of 5 L. It is known that 1% of all RBC
are destroyed daily and replaced by reticulocytes in healthy humans yielding an
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pr emat ur e a'seéwao m @ys@. eeuh Qrigin. SHpress leggthan 1000, ned t hat

these new npwloﬁmmuml 'Blﬂ&iﬂé@t'm'(f)?o ﬁ&a:ecegioraum'ﬂ ali n the

bl ood under UEPO stinul ation. Consequently, fe span
r et i cull®cy transdpetion-gyentsiwhich ul@nmlyﬂgadig@hmu a‘am ome:dlfferraltmpan ;mcRBCL was

fixed to b 00/ 12629
cont ent _ poprLRpRF kit aciith o oA kol et PR HPEE Y o) e
(see, e. g. Inadiitidng EPEuaocelerates theurolease of mmuhcytemom themnn'UWdegdulfgstoand RBC
are assune ntri veral | | ood. .Furthernore,
t he new ce c}%F%f % f’ﬁﬁ’(‘gﬂi‘gwﬁ'ﬁ%y&oﬁ’é“‘%’o@? \?&é”ﬁ@ ‘"P’E?a%‘ Bbt ai n
estimat es lveks b retichldcytesiscén aftérthe 2end timeipoint fag be esused doeltoothb L-&l)were
assurr:ailij t?;l?ag%e 3 d?%@ ZcuPour%m%nd 120 da égg%\ﬂggc%é ?tlpﬁlirtﬁqg‘é)s{tg The
time I 8@5?‘9 B’&}FE{@"P

i ntroduct i giadelfat theBd Stly thRés, conpartment representing the progenitor cells.
A Ks value of 0.3709 x 1010 cells/L/hr was obtained ill el di ng roughly an

S'. of 2 which Thelom:$GsNalye aE22:3%IUfk obtainedireflects the fast thetthere are low
th i t
o v oo fiiiers S feoiol dikon Ery MRS ColEaNRH rlayle reddfly sl 4oL

that high doses with rapid delivery may lead to considerable wastage of the

20 bioavailable rHUEPO. An increase in dose or slower delivery facilitates rHuEPO
levels being maintained above the SCs for 4 longer time and so there is an increase in
the extent and duration of stimulation of reticulocyte production. This concept
explains the results of two recent clinical studies that show that SC rHuEPO is more
effective than IV dosing for stimulating production of erythrocytes. In spite of lower

25  bioavailability, the SC doses with prolonged absorption results in more efficient
stimulation of RBC production (see, Kaufmann, et al., 1998. N. Engl. J. Med.
339:578-83 and Besarab, et al., 1992. Am. Soc. Nephrol. 2:1405-12.)

Figures 12A and 12B show that the pharmacodynamic data for some dose
‘levels are quite variable, which is reflected by the inconsistencies in the extent of

30 stimulation with increasing dose. For instance, the 600 and 1200 IU/kg doses produce
slightly higher numbers of cells compared to the 900 and 1350 JU/kg doses. The
pattern of return, however, to baseline seems to be similar across doses. In any case,
the models of the present invention capture the trend of responses, considering the
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t hreshol d concentrati on assuned equal to SCso of rHUEPO was found to be
essential _for conversion of reticulocytes to erythrocytes in the bl ood.
Singl e dos®OWY6TTIQEPO up to 900 | U kg were i n8ApDES @097 REIVUSOGN62NG

r HUEPO | evel-s above this threshold 15 during the tine of RBC production.
This explains the lack of increase in RBC nunbers in spite of stinulation
|nret|culogﬁgl§ Erod 0 afte dm nistration of the four |ower single
SC doses ‘i}ltb? that gre single soy of parametgrs corldHb for  a

bri ef per| Qde@‘ateqy mmgﬂ ‘T‘QP‘S‘&?@“‘Q"E‘%@O ﬁr lcag s&xw%ﬂ&b%&gﬁ?t t er

responsi veness _ of Hb | eve osage reql
caused a siteypbtrinchetter fittingsofithe date firom mhiﬂosede by aﬂ'dmng)Ksahd SCyonat ure of

t he study a Ses differe HUEPO doses, but

a single sg Pg%r %@e&sﬂl ‘5’%‘9#@85@'@2’2‘%‘5‘& eSE W&Feé@f‘@:‘} FSEWP&f

r esponsés butthhethequetérsdoulﬂshaaa(b begﬁemediforPuﬂiéﬁﬁoi erfefdlivhtionle nean '

reticul ocyte nu rsustégﬁﬁ flles fqr a single SC doses. The
I

reticul ocyte co %@me&ﬁﬁ}hﬁ?é@%@q dopes and 25
i mredi at el meaaimmaoﬁs MFfercSia VBYy i, maytchaﬁgeﬁxq.fnshwefs o i epuilPpe T OF 3 4

days after which they steadily start risin I's Teached around

200- 300 ho@¥plaiped by thefagt that rEv%?@ carenirations farlquﬂtgthmthmm&d LipishySnt
hal f-1if 2 28, Th
it o and noms? uppriend heGReRiRRIBRY LAUE) Subllod ERRC AR ) Th
esti mafl@s Mph&e!lwnﬁhbvﬂgmmrpﬂommw@mdby increapedn retioslotyte t he dat a

F 1010 cell.s/ L/ h bt d
ahich ¢ r antfitibers for'dody iS00 fURE, Bter N lBih Re et Reremret in3C ot 5 L. 1t
is _kn0\|/vn t hlso cdnmbtitu}g t?] Mnslmlwlhﬁggerdﬂﬁﬁvdgg T'\’}f) aggkhglg%gee?dmi%m 2003
retic oC al t ns | 1.,Nd an
PCT/ ugoo ﬁ’ﬁ’i’d"@?ﬁ MMP ?%@F@?@? Jesponse withant gignificant) s/ gay.
Ther ef or e, incieasesdh h&ﬁitﬁ@ht%?h&inoélobin&eépoﬁse’é aﬁeﬁ’ﬂﬂ&n’tﬁﬁn@ﬁé @o%e&xﬁﬂ% r HUEPO

d to 3 t
o ot on 0D e voiryescs s Empaad iy Hakay s dbocmdogy e of
stinul ation whip; U?tﬁﬁqsuﬂd §6§ﬂU’w&n@‘%no°de tﬁuﬂ%ﬂth lf_‘ﬁng%{gréﬁcdl& 5 The

P
SC50 of 22.58 | obtained reflects t e serumr concentration needed

to cause hendsHbgounteaftes multinle SCesing of rEsEPQ. s The-plERMIcodynamic oncent r at i ons
are mai nt afeReH ARy Both I&iesdo‘éﬁﬁeur@guﬁe% aﬁeéafatu&ﬂu The Rt S'm{c%% |ugma£)rgv €

basel i ne.
maintained above the threshold for most of the period of time, giving the reticulocytes

20 achance to get converted to RBC, which is reflected as a steady increase in Hb levels
after multiple-dosing in contrast to the singlé doses. The fittings of the different
single SC doses and simulations of the multiple SC doses show that maintaining the
rHuEPO concentrations above the SCso by administration of several smaller doses
tends to enable a continuous increase in Tib levels as opposed to giving the same total

25  dose as a single shot. In the latter case, the concentrations fall below the SCsy much
sooner causing a diminished reticulocyte response and more importantly, an
ineffective Hb response.

In conclusion, the PK/PD models of the present invention demonstrate the
‘importance of dose, dosage regimen, and route of administration in controlling

30 - rHuEPO responses and can be used as a valuable tool for designing optimal rHuEPO
doses and time of readministration for various conditions. In addition, the present
invention provides a computer-based system to tailor the dosage and schedule of the
EPO treatment such that the patient receives optimum benefit in terms of, for
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Normal erythrocytic progenitor cells, regardless of origin, express |ess
than 1000 EPO- receptors on the cell surface. Binding of EPOto this

receptor csmoemeT3reggnal 10 transduction events V,\mnmECUZwS_rTB,I@J,%SOhﬁ ol O
stinmulation of the differentiation and proliferation of erythrocytic

progenitors in the bone marrow (see, e.g., Lappin, supra.) In addition,
EPO accel erates the rel ease of reticulocytes fromthe narrow | eading to

i ncreased swampler intreasdddeptoglobirrandrryticatoegtetprodustitis b8 to proville a Absage! i ght
increase in_ .levels of reticulocytes seen after the zerg tinme point may be
caused due "'tBTF °E&¥Wli'5’nf‘%f”éﬁé¥§°’b?m|°m e weeks; that gty theatient’s  he
mar r ow Whi ¢Bedss not accounted for by the npdel at these early tinmes. The
| ow SC50 val ue of 22.58 UL obtained reflects the fact that there are | ow
nunbers of receptor sites on erythropoietic cells which may be readily
satur at ¢d Busidebdunetogh doses with rapid delivery may | ead to considerable
wast age of the 20 bioavail able rHUEPO. An increase in dose or slower’
delivery facili {me patticslarenabodiment|of theqiresgntrinyention, achsinbssumethéd SC50 for a

| onger ti IS o8 lAcLe | e ten duration of
stinmulati gﬁelgﬂﬁréﬁ fé:\ﬁ%g?tdgmg? 5‘4&&@%} @%dséa@ooﬁep@sg%ggﬂﬂwgﬁ he results
of two recémplemented.chi a secificembotinient; himtmiettoid nt4y belimbReentedMhrotigh ef f ect i ve

t han N dosi,ng for, stinul at} roduction erythrocytes. In spite of |ower
25 bi oavai h‘f&"ﬂﬂ“&rﬁé’%@@gg&%" tlﬂno&j(?ﬁ Pl e yseregnateadit ts in rore
ef fici gmt pfabtimﬂeabmdhrhsih?h?ﬁ@aﬁ bP4lpKdrinadist§ fRAG ac &Boputelsystbms b#98. N
Engl . J. d. 339:578-83 and Besarab, et alL, 1992. Am  Soc. Nephrol.

2: 1405- 12. {hemresentdavention yiga qomputer seminad and theough the Tatesepy another means. f or  sone

dose | evelrhe sérfheblitd tetwéen B hiser \}wg Qoﬁﬁtﬁ%ﬁggégwygwm,;onsi stenci es

in the extent of 30 stinulation I ncreasrng do I nstance, the 600
and 1200 | U kg Hueraetiosy the yser may inppt for examples infomation selating fo lalpatientnpar ed t o

the 900 ang, 432 & RchHES t 0 basel i ne
seens to be csi mﬂféa#% glgt r%‘gg&g%%%tg’%e n ans hglggél? Bﬁﬁﬁé&%ﬁk@%%{ otp%re pr esent
i nvent ion fastorsrelatingdo thegratiend’s retisijnoyteand /ar®RBC coamnt, such dxcth8Besid€i 09/ 67776 1
1 DEC 2003 004 12629 I abl e nhature of the data apd the fact that one
singl e set °€'§;‘I‘4&X§'ﬁ° Qegeor, gount, TRe compuer system may %e&ﬁﬂ‘&gﬁ'é%% nani ¢
dat a from of the sssident caniiputérprekrinns, pessddyne or iﬂbrégg)gﬁvﬁaﬁeﬂpwﬂoﬁﬁé tings of the
data from each dg.se | evel by allow ng Ks and i‘F to vary for each group.
Thi s woul dfSER§S I&the pRiient m&gmgnw Mgsr inferfaceginay, plso
provide pricing and cost comparisons for different EPO or EPO-like drugs, in
20  conjunction with, or separate from, appropriate dosing regimens for those EPO or
EPO-like drugs. '
A computer system in accordance with a preferred embodiment of the present
invention may be, for example, an enhanced IBM AS/400 mid-range computer
system. However, those skilled in the art will appreciate that the methods and
25  apparatus of the present invention apply equally to any computer system, regardless
of whether the computer system is a complicated multi-user computing apparatus or a
single user device such as a personal computer or workstation. Computer system
suitably comprises a processor, main memory, a memory controller, an auxiliary
‘storage interface, and a terminal interface, all of which are interconnected via a
30 system bus. Note that various modifications, additions, or deletions may be made to
the computer system within the scope of the present invention such as the addition of

cache memory or other peripheral devices.
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5 but then the paraneters would have to be averaged for purposes of

general i zatjon....Figure 14 shows the Hbo respo tine after the 8
single SC S‘)&@éﬂyﬁd the sinulations. There i Lﬁ‘\?eﬁyﬁ ?qd?t | BCT/UBOG4I29 change
in the Ho levels and this could be explained by the fact that rHUEPO
concentrations fall close to the threshold limt by 7 days, thus

preventing the nversion of newly fornmed.reticul ocytes.to RBC. The 10
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nodest increases in C alsp contributing e consistent|y higher Hb

| evel s. ThitQmpriseAsingle integrated circhit such asa mIGIPRIOgeseOr JRFIRaYROMPTIARNY | ncr ease
in reticul Qgivdbfs i ot A Wieus® OVt ds! il .0, hematocrit or
henogl obi ng‘?eiggeo'}lses gfrt%teér&ﬂgl ngl e Pﬁ\{iiﬁ%\f@%ﬁgm&g@?&ﬁ%@%ﬂﬁ 1000 TU kg in
heal t hySvolkooperasion tasccomplish thel iotisaiff a processor. -The precessor suikabipur es 15 and 16

show t he mpdel . or change in retigcul ocyt RBC and Hb counts
fter mul 1 PRaeS B /PRanodellie FRBNG arBlkit ol RS s eon SRUBS T or bot
t he dosagenmérpmemory.are captured. The r HUEPO concentrations are naintai ned
above the threshold for .nmost.of the period of tine, giving the

reticul ocytes 2@’_%"'2?#5%8‘"?8"‘5’8?‘» Bﬁﬁgﬁ‘ﬁw&t‘f'ﬁeﬁgﬁffaﬁﬁl@ﬁ’si GAMPWYEL od as a
st eady i nceystaRtd flordland fetedve infoadniation Mohi AuilRrylRGiape dévicesOich ast to the

single doses. The fittings of the different 'single SC doses and
si mul atf onMagpeticiiisk (g8, hgwd@%eoﬂﬁgw disksties) ﬁ’éﬂptwgl sterage-deviges (g8-, r HUEPO

concent  al CoRRONDP One iR Sty GRALH ) Ak Bl AlraBEUIDARR) of doses

tends to enabl e a continuous i Ncrease | s as op to giving

the same t BASD mBy bos Soppy dislcdrivgiwhiclhmay read prageansandalatadeom a floppy
concent r at jO Stk Q . | ng,a .di.m ni shed
reticul ocy#lgﬂr gé@#&%ﬁ”&r@?‘?ﬁ%ﬁ%ﬁ*@tﬁgﬁhﬁﬁ%ﬁ%@{wg@b response. In
concl usi on¢ontinge feitidyDeseribied in tinf context i axfaliy funictioresh tomputeesystes:; thvse t he

| mportance 0 e redi and route.of adm nistration in

cont ro??i n%ﬂ@ﬁﬂ?‘&ﬁ%@g@mg&gﬁtﬁﬂe@ apisms Of fie presgnt nysntign are o) ¢ of

desi gni ng caphbleoi beihk Bisfributbd 28 & progehnt productfin 4 ety of folrhs)lahd that e vari ous
conditions. In addition thegﬂ esen :ozvent i.on a?rovi S@a%a! cornput er - based

system t o PEESSRbmVERion fpplics equalty re therparticular fyme REAENK uch t hat

t he pati eninedié ¢¢actedly@airy S thOaineibirion. "Exafiples of bigndl Yearthg HEAiH0/ 67776 3 1
DEC 2003. PCT/ US00/ 12629 exanpl e, increased henogl obin and reticul ocyte

pr oduct i oninclyde:trecqsdabla type media suchas floppy disks and CD ROMS, and transmission
20 type media such as digital and analog communication links, including wireless
communication links. -

oD

The computer systems of the present invention may also comprise a memory
controller, through use of a separate processor, which is responsible for moving
requested information from the main memory and/or through the auxiliary storage

25  interface to the main processor. While for the purposes of explanation, the memory
controller is described as a separate entity, those skilled in the art understand that, in
practice, portions of the function provided by the memory controller may actually
reside in the circuitry associated with the main processor, main memory, and/or the

-auxiliary storage interface.

30 Furthermore, the computer systems of the present invention may comprise a
terminal interface that allows system administrators and computer programmers to
communicate with the computer system, normally through programmable
workstations. It should be understood that the present invention applies equally to
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regi men, for exanple, once-weekly or once every two weeks, that suits the
patient's needs. 5 Business nethod In a particular enbodi nent of the
present i nX®YolsPHs @ busi ness nethod relating ey N

regi men of EPO and sal e of the dosed EPO may be“)? %P%n%ﬁﬁﬁyépecifiq
enbodi nent, that nethod may be inplenented through the conputer systens of
the present invention. For exanple, a user (e.g., a health 10.practitioner
such as a plwipiter syBtems haviRP Afulile piotediBié aR8 HRREDIE téof? BT © K, o of

the present_| tion via g conpu?er t er m nal g%dgﬁ%roug Eiﬁgé%% &rnet or

ot her rreang'l.ﬂlmr‘]‘\!ﬂ? eyRtTRdNS oh thserofered embodiment iaadypida hardwireder systemiis
7 51 g i g B,

information relating to a patient suc Crent” s
henat ocr i t Compyiselatndenyisergnentcauldds usechd ot her 15 factors relating to the

patientss reti g,tgkg.!,/ J he.desi.red.or. opti nal
reticul%cyte O?H%@‘@gﬂn . fgéheﬁgﬁf&?%r%%ﬁ@lgﬁh%g@@ﬁ&%m ?ﬂ%‘dﬁlyt he use

of the restantains anergrumaore cqmpugerprograpisaelativg trthe PK/PIPmodéliny sAEEG € EPO
dosing regj rren§ for the Bati.ent. The_conput er program via the user

i nt er f ace, S4TRPISTAHQR and,an.operating system, CAWP GénggﬁPp’&‘rmm igysed@mits er ent EPO

or EPO-| i krosdesiGfnsd, EnfcRi@ed aHyCdn @il Mirkid'bf @mpBfP Bodtdind, irRdiRP P! OPr i at e
dosing regi mens for, those EPO or EPO||ke drugs. ASconputer systemin

?c cor danc FSQWW@" phiemaadiateicadenmachipmeodss andanysither cepresentationof on may be,
or exgp &mcfiﬁ'fbr PRipRaAS Fhd ﬁ%ﬂ%ﬂ%@y'“&ﬂm&@ﬁ%{émﬁ%‘%?ﬁ% gg@ﬁgﬂfgkl? wever ,

those skilled in‘the art w preciate t appar at us
of the pre8dh virnalanemery spassiof thecaystemy It should beundprstood thsa portions pEgar dl ess
of whet her ks ' | - [ .conputing

appar at us. oy CanARETb B NS pihaide Rl Biay 6216e i o SRR TRehe

wor kst at i ofer themminpracessyrsto emecute; whilslogher filgsmsewelbbestored 98 @liagnsid ¢t NeNDr Yy,
a nmenory cQntrokher. an auxiljary.. stagr i nt.erface, and g term nal
interface,® l%bqk Sforpes dexjees. h@ﬁﬁ%@eﬁaﬂiﬁﬂn&%ws@%&em%wm%t e that
vari ouss maday ¢ongirise disparaddhémerydocatibnélel eti ons may be made to the conputer
systemw thin t scope of the present invention such as the addition of

cache nmenory o cchuss, fratiires andeadyantages of thagresentgnvengion will become

apparent from the following specific examples. The specific examples, while

indicating specific embodiments of the invention , are provided by way of illustration
only. Accordingly, the present invention also includes those various changes and

20 modifications within the spirit and scope of the invention that may become apparent
to those skilled in the art from this detailed description.

Example 1: HUMAN PHARMACOKINETICS AND BIOAVAILABILITY FOR
EPO

25 The following example of the present invention provides a summary of the
PK/PD data that support a 40,000-IU q.w. dosing regimen. The data are derived from
both the literature and four clinical studies conducted by RWJPR], Raritan, NJ. Three
studies were conducted under Investigational New Drug BB-IND-2318, and one study
‘'was conducted in the UK. A brief overview of the studies is given in Figure 17.

30 The clinical pharmacokinetic studies included in this technical summary are
described Figure 18A-18D, and the pharmacokinetic data from these studies are
summarized in Figure 19. The analytical methods used for the determination of EPO
concentration in serum are summarized, infra, and Figure 20.
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i1l I'EC 2003 PCT/ USOQ' 12629 The processor perforns conputation and control
functions %ddggwgprrputer system and conpriseg 12D | blP%Tﬁfs%/ 240

processing uni't (CPU). The processor may conprise a Sinhgle |ntegrated
circuit, such as a m croprocessor, or may conprise any suitable nunber of
integrated circuit devices and/or circuit boards working in 5 cooperation

to acconplish they I%§HW0E’}& 39599‘8‘?% Aﬁ@%‘p%mﬁﬁgéﬁ%&ht ably

execut es the PK/ I'ng conpute i nvention
wi t hi n it sthed@j000 5 oncy weekly dogimgefegimen CéminaHSméynEPOtsmﬂ -0 (Figuee 7)st or age

‘interface a t he .conput er ~.sYS d retrieve information
from auxi | M. h@ﬁfﬁ?‘&g@fa&m l"ﬁ?&ﬁ%fﬁ@'ﬁgﬁg ic disk (e.g., hard disks
or floppy di sketmelinical SﬁﬂyIM-Pm-gm,gnerdwermﬁdmzmn isstitd, BﬁMmm@ﬂ
suitabl e storage device is a direct access séora%gl de |§5?(DASD) A DASD

may be & fhepeglobindevels, sudmany uhicsisyvere anydetejent rinthe,m o fl oppy
di sk. 1t | gandomeaticAt tﬁé’stﬁcg‘ StelrBitlited i &:ﬁuﬁdqaamﬁaﬁmfonlonmr&hﬂd\ has been

(and will continue to escribed in the context of fully functional
conput er simam:npmsmeamvtmum wmmhv@dép@nmbalmpm@emaéehmat t he.

mechani sns n f ted as a
ot ogr am pr BaneRIOYn VRGBS A e Bl bt oy vERA i e iBlBRia Bl PO
applies eqlmlidn}ogiahgafod Iaaamberf oﬁshbjepabbivmnhacrccqrwandfbasslgnaValimmns ng nedia
to actuyall out the dis ion. Exanpl.es of sjgnal bearing nedia
ot uads + Bl testaapi Foveatpd bgatery ot e Rl o BB 5. "anc
transm ssi gglibédtiohy e apprdpriatelycdonfifim tied dsﬁivezﬁndu@mafm& sdyTiuvagat i on | i nks,
i ncluding wreless conmunijcati n Ilgfl( Irlﬁ ut.e ﬁ]&lr% of the

pr esent m@‘!ﬁ‘ﬂqddhﬁtﬁd'ﬁf"&?@%d!b\’!ﬁ‘b‘ ibg sonductedy, Wﬂ%h‘a ¥h use of a
separat e pﬂﬁ(}&%&pét‘c1%£htdd§mpmf7@| e for noving requested information
fromthe main nmenory and/or throu%h t he aulear% stora e 25 interface to

t he main process@mc&l\ﬁmdécsfﬁﬂoflﬂi' 58 (Rigared 7hen 'ﬂﬂ‘t:”ﬁ ﬁFigl“Hé7 hrenory
|
cont I o4 ef @%eafogmpra dacé&%@éﬁﬁa@@éa%etp?@mm& PO bl @yart

under st'and Ice, portrofis o ction”provi t he
menory conobtuhlpuhmgryahmblpnememddﬂmrmaqoﬂmmc informaiomsBeyciifierent wi th t he

mai n proces | and/or the auxiliary storage interface. 30
8wl Bt ahed  nvent -

Fur t her mor & tenms of the present invention nmay conprise a
termnal interface that allows system adm nistrators and conputer

prograrmer &e}tgrnl Analytical methods for in vivo studies
20 Summary

Bioanalytical methods were developed and validated to support the clinical
program for EPO conducted by RWJPRI, Raritan, NJ. The original method used to
determine EPO concentrations in human serum was a radioimmunoassay (RIA)
(RWIJPRI Study Nos DM92001 and DM96023). This method was successfully

25  transferred to PPD Development (PPD), Richmond VA, the Contract Research
Organization which conducted the analysis of the supportive clinical study
(EPO-PHI-370). This RIA method was fully cross-validated with an enzyme-linked
immunosorbent assay (ELISA) at PPD for the analysis of the pivotal study

.(EPO-PHI-373). To test the comparability between the RIA and the ELISA, a set of

30 16 pooled human subject samples was prepared by RWJPRI and analyzed at PPD in
both the ELISA and RIA. The ELISA provided improvements in accessibility of
reagents, time of analysis and extended range of standard curve without loss of

sensitivity.
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comuni cate with the conputer system normally through programmabl e

wor kstati o oul d be understood that the p vention applies
equal |y tor‘§8%”3€/ 67776 1S i DEC 2003 PCT/ US00 iz@}giﬂ@@wg 0042629 s
having nmultiple processors and nultiple systembuses. Simlarly, although
the system bus of the preferred enbodinment is a typical hardw red,

mul tidrop bus, any connection neans that supports bidirectional

comunication in a conputer-related environnment could be used. 5 The main
menory of tAESaYT¥Pe: er systems of t he present invention suitably cont ai ns

one or nore conp SR | i of EPO

adm ni st rat i on alr%?%dﬁ&opera I'mg SysS eg%»ﬁ&)ﬁ#}ﬁy@ﬁé %g?gﬁ‘? ﬂ%m)ry is used
inits cal StudiesEPQPHI158) EE@&’I-HW9Mdﬂdtéd it(KWEP aRdPput er
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ot her repre@ﬁ%ﬂ#n‘gﬁ@? JS '?gﬁa.l ‘&FE asys W%W“%%@&EPQS used
herein ref ancmﬁcahﬂmdymym-Bw@ohmmlawppby virtual nenory space of the

system It shoul e under stood t ath&ortlons of the conputer program and
operating syster;ﬂ!?asub@ thad wag originally.developed bycPiagnpstia Strstems or t he nai n
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mai N menor yesu Wmomnmut@ﬂmﬁ qivpumltmthmmwmmmethdsd dﬂ&coﬁﬁwaalgbj ectives,
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the. T ol oy eBICRI A Patbic B RGRbalVY Fbinod Jaf vpes T PoIbAR) cot i ng
spfam fiA\C emmmm humﬁnuﬂmryﬁPémuthnmyaﬂWyd?dime’NﬂE%léﬁhd,ﬁdnust ration
t
changes. andBBS RO by faf TR bpocaiirs fohive e Biaic piesisle obedlommunoassey ont i on

that may bedwrebyalireiesimpetifion btwersdaltionstive dnd Eﬁo@%&m@eﬁ depaled

descriptio HUMAN PHARMACOKI NETI CS
25 The fol ?'Gﬁ'bmng%ﬂfﬁﬂ tibody hinging,sites.<The smovatnf;’ hlqbpbdmesboandmmry of the

er i ved 11 amuecy i RRRlselyrdiorti o h oot o BE oHBH 1 B8 sBic1 cd by
RMPRI, Rafhe geparation of fice and boundiantigends easily mutlimpidty achibved b}wﬁﬁg agat i onal
y\e/\gr \[/)|r g\?v E};ﬁ!dtoi#éﬁtgcfé@?belgﬂﬁs ngeék&ﬂ%le@\@zcog Q%ge'ﬁgt b r'nQJo}- Dehotse A Prief
modification of the DSL kit was substitution of recombinant human EPO for urinary
EPO in standards and spiked quality control samples. Standard concentrations used in
20  the assay were 7.8, 15.6, 31.3,'50, 62.5, 100, and 125 mU/mL. This exact method was
transferred to and validated by PPD.
The Immunochemistry Department of PPD validated the ELISA for
determination of EPO concentrations in human serum. This ELISA is a direct,
double-antibody sandwich assay developed by R&D Systems, Inc, Minneapolis, MN,
25  for the quantitative determination of EPO concentrations in plasma or serum.
Microtiter wells, precoated with monoclonal (murine) antibody specific for r-HuEPO
are used to capture EPO. The bound EPO is labeled with anti-EPO polyclonal
(rabbit) antibedy and horseradish peroxidase (conjugate). An optical signal is
pproduced with the addition of tetramethylbenzidine/buffered hydrogen peroxide
30  (substrate). The amount of color generated is directly proportional to the
concentration of EPO in sample or standard. The major in-house modification of the
R&D kit was use of in-house recombinant human EPO in standards and spiked
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30 The clinical pharmacokinetic studies included in this technical summary
are described Figure 18A-18D, and the pharnacokinetic data fromthese
studi es ar WOETIMWr i zed in Figure 19. The anal yt§ $&ECr@BhPCBEUS®AADOr t he
determ nation of EPO concentration in serumare sumarized, infra, and
Figure 20. 40 WO 00/67776 ! 1 DEC Ztxi 3 PCT/US00/ 12629 d i nical Study

EPO PHI -373 (Eigure 17 royi des,the data to support the 40,000 I U once
weekl y dosi‘“’éﬁWé@PW%]rﬂa)"EEP-n @ﬁ‘f”@?%ﬁ“@w*‘f% R330GWERe 78 )15.6, whi ch has a

simlar desyio 59565%,1100C25, sldudy nfipmiiPH - 373. 1d Cinical Study
EPO- PHI - 370, there were random zation issues, fluctuating 5 henoglobin

| evel s, and nmany subjects were iron-deficient at initial. Error in the

random zat i]?iehréf"fk%d%}&le%rﬁ?t e resulted in an -unequal distribution of

mal es and es I n eac eat ment group, and contributed to an inbal ance
i n meanSbasel i ne ThaKiAgsatfonthe Allimirsl StndiexEP@-PHI{358,ERO-PHIFH%,amdues reveal ed

a substanti tio I n, he | obi # er.. of bi,ects between
screeni ng ﬁ@%ﬁ%ﬁpﬁﬁd %%QQT%E&WQUQ‘?H%?“}%W&&@ eveal ed

| abor at or y shinphliqabteThe preci&ich of the Gtahdard>6linvd I RWIPRI W KI5 8% @il at TO _
appropriately confirmthe positive findings of this study, it was decided
that a repé’é‘glﬁlgé%vﬁwl ué@di@mehmq;qismmlas ﬁ@lﬂb}“@é@ PH - 373 was the

repeat of L R - L1 ' - (Figure
17) “and EpSSHPFERQ PRI Hebdeuind € Sondeillof mge ot 5 A8 M. il |

i nvest i1gat @ G henldsarepigalignor witlbapletision of <EB%. and to obtain prelimnary

phar macoki neti ¢ and pharmacodynam c information after different single and
mul ti pl e doses. Ceneral Analytical nethods for to vivo studies 20 Summary
Bi oanal yt i qawerdlib@esT Qiintitstione! oped and validated to support the clinical

program for EPO conducted by RWPRI, Raritan, NJ. The qriginal nethod used
to deternine EP@“%MHwtﬁﬂmﬁmnM@swlﬁme?ﬂﬁ%ﬂ%noassay

(RIA)  (RALGHentht @@@%ﬂg@ﬁ@%@% quitiffedWad P8 @IS e cessful |y
25 transferre .oﬁ%%mgﬁeve opnent PD), R cﬂﬁ,rgpnd Vg: the Contract Research
Or gani 34t | bathihe REA eodthedIdBAL he anal ysis of the supportive clinical study
(EPO-PH -370). This RIA nmethod was fully cross-validated with an

enzyme- | i nked
Quality Controls

Quality control samples (QCs) for both methods were prepared in blank
serum to reflect the expected concentrations in the study. QC concentrations assayed
20  during the validation of the RIA at RWJPRI were 35, 60 100, 300, 1000, and
2000 mU/mL. QC concentrations assayed during the validation of the RIA at PPD
were 100, 500, 2000, and 5000 mU/mL. The QC concentrations for the ELISA were
7.8, 20, 100, 500, 2000, and 5000 mU/mL. At least three levels of QCs in human
serum were assayed with study samples during daily sample analysis.

25 A set of 16 pooled human serum samples from a previous clinical study was
prepared by RWJPRI and the blinded samples were shipped to PPD to be assayed in
both the RIA and the ELISA. The relative percent difference (RPD) calculated
between the values obtained by both methods was determined to be 15.8% (for the

- lowest level of QC) or better.

30 Dilutional linearity was also demonstrated since the expected concentrations
of some samples were above the highest standard curve concentration. During the
validation of the RIA at RWJPRI linearity upon dilution was established using serial
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I mmunosor bent assay (ELISA) at PPD for the analysis of the pivotal study
(EPO-PH -373). To test the conparability between the RIA and the ELISA a
set of 30 WO @mItmd human subject sanples was pr1ef$E§ Fiviyob/ 15306

anal yzed at PPD in both the ELISA and RIA The ovi ded i nprovenent s
in accessibility of Treagents, tine of analysis and extended range of
standard curve without |loss of sensitivity. 41 WO 00/67776 1 1 DEC 200, 9.
PCT/ US00/ 136309 tork:256-falg didutions 2 Q6 smlmadﬁ??mchhnusddmﬁmtytwlae quantitation

of EPOto i es.EP P duct ed at
RW PRI ) anggglgﬁ%ﬁga&@#g&% gfﬁ(g%g? &Eaﬁ(g aaﬁrfolgdﬁg &é‘ﬂ“ ?§r t he
quant it at i and &6mARTD-to n: IOD#fOIdQﬁlhh@isliﬂYh Eﬁﬁﬁhﬁleﬁ&nbﬁ@ﬁ\%’é‘c’t ®4thaighPPD) . The
RYA net hod S ori % i nal Iy _deve| o e Di agnostic Systens, Laboratories

(DSL), Vebst&)congsntrafigns. ;B w@am@mmwabhnwm and t he
resul t ssvweegaIRARPaREL 1:301,1096., QJEH RROG ol i1 htichs BY 2Boo0itiaH, 3
comercially 10 available RIA s a double-anti body, conpetitive net hod t hat
uses a rabbit polyclonal antiserumto human urinary EPO as the primry
anti body apgesvery-25!-1abel ed human urinary EPO as tracer. The pr ocedure
foll ows the basic principle of adi oi munoassay whereby there is
conpetition bet v%msaaywahmamihom samglezextracticagtherefiore veconery iagsessnient a flxed
nunber of %é&q_ il i,nding sites. The amobunt of 125 |-1abel ed EPO bound to
the 15 antibo °ﬁIVer sely proportional to the concentration of EPO
presenttoin the serum The separation of free and bound antigen is easily
and rapi dl achl eveﬂ15 ysi ng an accel erated doubl e anti body pol yet hyl ene
gl ycol sys ﬁ'f’%@“ J"é‘r"‘?'h house nodification of the DSL kit was - :
substitution of IREORDABEintlAER a&ﬁ%ygperuémaﬁr&en&lmwanﬁkaﬂﬁl&r ds and

t andar

spi ked quality control sanpl es. concentrations used in 20 the

assay wer econcgnirationgnd mejcomtrmnbmmfmaﬂmﬁg 121508t RWIBRS avdcact net hod
s " 1 ansbe ket Apeard Bieskol sy Filfel FEHRCIEIGRISY P et of

PPD val i dated t he nat1 on concent ratrons in human

serum rhi BW:‘ERSMCI $0Q:todli05 68 at PRI Ubitke BLISA-ba jntesaasaayl asuracistapgetevel oped by
R&D Syst emfon, 'd&‘bm”ﬂo@@@aﬁﬁi &?mtﬁ%a)z&ctn%ymie&‘mtﬁtﬂd 18y det erm nation of

EPO concent rat ons 1n or se
In the RIA the intra-assay precision (percent coefficient of variation) was

<8.2% at RWJPRI and <5.3% at PPD. The interassay precision was <15.1% at
RWIJPRI and <7.2% at PPD. In the ELISA, the intra-assay precision was <10% and

20 the interassay precision was £12.9%.

Stability
The stability of EPO in human serum was demonstrated for 20 months at
20 °C, at room temperature for 2 hours and during four freeze/thaw cycles.
25 ‘
Data Analysis and Acceptability Criteria
A validated four parameter logistic curve was used to determine unknown
serum sample concentrations of EPO from the standard curve in both assays. The
‘data from the RIA performed at RWJPRI was reduced using Micromedic software
30 (ICN Biomedicals, Inc., Costa Mesa, CA). The data from the RIA and the ELISA
performed at PPD was reduced using the PPD Development Oracle 7.3 proprietary
RICORA database. The RIA assays were acceptable when the QCs were within 20%



Mcrotiter wells, precoated with nonoclonal (rurine) antibody specific for
r- HUHEPO are used to capture EPO. The bound EPO is | abeled with anti-EPO

pol ycl onal wo(eosbimeét ) anti body and horseradi sh pqrpbkga@ﬂg (FRavsedaiedd . An
optical signal is .produced with the addition of

t et ramet hyl benzi di ne/ buf f ered hydrogen peroxi de 30 (substrate). The anpunt
of color generated is directly proportional to the concentration of EPOin

sanpl e or sf nommabandithediffafence betwbanthe comm pér mimutes df e réglRateR&@s ki t was use

of in-house Jeé%%g%&t human EPO i n standards and spi ked 042 WO 00/ 67776

C 1 DEC 266%. b HldBA asssgs yers asreniabl when e Qlaere within 20% o both

concentr at L&lﬁ&cgasaﬁgg'&is;d?@ assay were 7.8, 15.6, 31.3, 50, 62.5, 100, 125,
ng

and 250 nmJ niL. . of Standard Curves 5 The RI A used for the Cinical
St udi es EPO PHI - 358, EPO- PHI - 359, and EPO PHI-370 had a standard curve

range of 7 ' 0.1-nL sanple aliquot. The precision of
t he sta%da?gmté%}r\%é%g{ihwrs@ggé%. 8% and at PPD, 510.8% The ELI SA used

to assay cPilot Exploestory Stndies,JEP@RHI-358 arfdt ERORHERSY PHI - 373 denobnstrated a

concentration r e . USi kM, sanpl,e aliquot
ith a precisio S 36T LOWeT "ot 1 mit - of

" FigipaCamdy EPO RTS8 i Clnyelt gy FPObr S iere BiiEPUGS

quant i t at i explératopidtudiel designes & investigate tHel dose-prpdaionality @REPOLdfRE SO Whi ch

coul d be ac u.ratel,g d precisely. uantifieg, .was 7.8 ninL in_ 15 both the
RYA and th%‘f@ﬂsgﬂ?‘ @iﬁ?@ﬁﬁf %ﬂ%‘%ﬂ&‘%&%ﬂ“@& Sigm fyn fomthe Beo studies or bot h
met hodgy WewereliodRANS thaxiinibé Mloscahgt ol phariabdkieticafid M&%ﬁé«: he

concentrations in the study. QC concentrations assaye
val i dat i onanglysehe RIA at RWPRl were 35, 60100, 300, 1000, and 2000 mlJ ni.

700, 500, 2000, - ERHE0 EHAEASUARIGRANs s ) ahiiill Bl U on"Ver e
7.8, 20, 10ghanBakirgtio @nd pinumBAgnarhic profilée of ER( aftertarsirgle 450) 200af (Cs
anal yer s. - P50R 4300 nblnt e S SRR, Hpe s p SR P RO
cliniced séfittytypical 150-IU/Kg t.i.w. x 4-week dosing regimen. The objective of Clinical

Study EPO-PHI-359 was to determine the PK and PD profiles of EPQ after a single

300-, 600-, 1200-, or 2400-IU/kg SC dose of EPO and to compare these profiles to

that of the 600-TU/kg q.w. x 4-week dosing regimen. There was a placebo group in

each study.

20 The EPO formulation used in these two studies was a 40,000 TU/mL,
preservative-free phosphate buffered solution containing 2.5 mg/mL human serum
albumin, 5.84 mg/mL sodium chloride, 1.164 mg/mL sodium phosphate monobasic
dihydrate, and 2.225 mg/mL sodium phosphate dibasic dihydrate (Formulation
No. FD-22512-000-J-45; Product Lot 5C903J; date of manufacture, March 1995).

25  The placebo formulation used in these two studies was a preservative-free phosphate
buffered solution containing 2.5 mg/mL human serum albumin, 5.84 mg/mL sodium
chloride, 1.164 mg/mL sodium phosphate monobasic dihydrate, and 2.225 mg/mL
sodium phosphate dibasic dihydrate (Formulation No. FD-22512-000-ABX-45;

"Product Lot 5C902J; date of manufacture, March 1995),

30 Both studies were open-label, randomized, placebo controlled, parallel-
group, single-center studies. Thirty-two healthy subjects were enrolled in Clinical
Study EPO-PHI-358 and 30 subjects completed the study and were included in the
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prepared by RWPRI and the blinded sanples were shipped to PPD to be
assayed in he RIA and the ELISA. The rel percent difference
(RPD) cal A e6277t6bet ween the val ues obtai ned ba {)bgﬂ % HS<US04d2629
determned to be 15.8% (for the |owest level of QC) or better. 30
Dilutional linearity was al so denonstrated since the expected

concent r at ipRIBD ard curve
concentrati on. a}ﬁéllﬁéa H : Vg@g‘gf‘?ﬁ#@?ﬁg*&ﬁwﬂi%ﬁhﬁgﬁ nearity upon
di | uti on wRtudyEPOP ﬁéﬁ. Demographic idata of the\WGbjeots G thése tivolstudies 426 Osted

PCT/ US00/ 1%?%%8‘]‘%% - to 1:256-fold dilutions of QC sanples. At PPD
di | utional ty was denonstrated during RIA validation with 1:20- to

1,:200-fold dil Uhleqmtséhamo%dmhﬂ&w%@oﬂé&éa fbr s EPD dQermliffbndi | Ut T ONS
ect with _high EPO concentrations. During

bj
It Rel ELY%XO@? %YEF‘&%{ F;Bef g’ﬁ @J 449%‘/1‘8 q9-Wedosing regimenand during Weekdt 051 ng

1:50-, 1:1efe150a00kelsid0 ok t el ooP % '@Ijésmo very The
assay was run wth og]{ut, sa iﬁgqee%drngctlonymﬁ?gﬁ ore recovery as?gsds)nent was
not requir éeremyeatmc\mraeyo gollectede For thesingle ddse grups, seiial blovidrsamples ay

o bon: ) af A ES ARSI RLUA WEBUL e MATARASL BHBOR 10" 950 o
PPD. The i pamplesswerp ahoceulim;d foad@mhlﬁatmmﬁ percenteticifocHs Q%RH‘IFN?N fand
100 05 PRD rom
570 ¢ 3 0t celip mBE), pif %&?A"AEEEF@@ Bﬁ’aaé}i'ﬁ Bihedovisk @idy1606 | n the
RI A, the ipéricd: assay preC| Si on (percent coefficient of variation) was

58. 2% at RWPRI (yfmd 55 %a PPD. The interassay precision was 515. 1% at
RWPR and 57.2 YsF*h o serum ERO\wererperformed:at RWIBRE: Retitani Nh Avas 510%

and 20 ! NRIA Rit fcRsdtd nib@facarby 19T, armadifiePhORWIPRY wad @%%@ﬂhy | ty of

EPO i n human serum was dem)nstra ed for 20 nont room
t enper at ur 4etergyinagion of ERO-peucentrations in serums This mathod-and dtg vebdatiofSre

15 described in Section 4. Pharmacokinetic and pharmacodynamic parameters were

summarized by descriptive statistics. Mean serum EPO concentration-time profiles
for subjects in Clinical Studies EPO-PHI-358 and EPO-PHI-359 are shown in Figures
22 and 23, respectively.
While serum EPO concentrations after smgle dose administrations declined
20 to the endogenous EPO level by Day 15, the 150-IU/kg t.i.w. dosing regimen was able
to maintain serum EPQ concentrations above the pre-dose endogenous EPO level
throughout the treatment period (Figure 22). The mean predose endogenous EPO
concentration for this group of subjects was 14 + 4 mIU/mL, and the mean trough
concentrations (corrected for baseline EPO) before the first, second, and third doses
25  during the fourth dosing week were 19 £ 9, 48 + 18, and 52 + 25 mIU/mL,
respectively. There was an accumulation of serum EPO during dosing as the Cy
- after the first, second, and the third doses in the last dosing week ranged from 128 to
163, 141 to 214, and 152 to 334 mIU/mL, respectively. The 600-TU/kg once per week
dosing regimen maintained serum EPO levels above the predose endogenous EPO
30 levelup to 5 to 6 days in h-dosing week (Figure 23). The mean predose endogenous
EPO level in these subjects was 13 + 3 mIU/mL, and the mean steady-state trough
EPO concentration (corrected for baseline EPO) was 11 + 5 mIU/mL. This dose
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Dat a Anal ysis and Acceptability Criteria A validated four paraneter

| ogi stic curve was used to determ ne unknown serum sanple concentrations
of EPO fr omx@@&786andard curve in both assays. THel DBEGt2003fRCIVIUSOb/E268% A
performed at RWPRI was reduced using Mcronedic software 30 (I CN

Bi onedicals, Inc., Costa Mesa, CA). The data fromthe RIA and the ELI SA
perfornmed at PPD was reduced using the PPD Devel opnent Oracle 7.3
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St udy EPO philrmabstiynatic pardimdter vialues ardlistédihPgure by di es designed to

i nvestigate the dose-proportionality of EPO after SC adm nistrati on.
Because of the sThﬁ'FM??‘“W’%IPWh’@&WFP"%F&Pé:rffmr%@%wtfh\o studi es 10

uer o ool CrqaiEivUoRdert B0, SO, hbeiBURSRkORTH AbeERD

phar macodynam c  anal yses. The obj ecti ve "of i ni ca PO F
to determ femtheinieation site wrs indencndent@f doser Ondarigthentiand,dhefelatioshif  EPO af t er

a single 4p0s B P PO and to
conpare. t noayeP ARG and'(taCes Ruckliian it SHTHBEHEARRS K5t AT plinlilaed O, 210 |
dosi ng1¢ egwithincraisingodosesdFignee 26). Cl i ni cal Study EPO- PHI -359 was to

determ ne the P d rofiles of EPO.after a.singl 00- .. 600-, 1200-,
or 2400-1 U kg S@@g%ggf%"&)é%ﬁufg%%ﬁec‘gﬂg%? guring the 4{)‘??75%5’"'@%’ pflgmpfrﬁat of the
6ooa| u ;8 grhr?wnEigOHgmek.l Beraér geticalpc minhﬂlbad reavieed tﬁedinhaeiﬁinm_ m%bgi)g Iaaﬁt
st udy. e ornmul atjon, used in thes studi es was a 40, :
pr esgr vat i %@f?’f@@tﬂﬁﬁh@%h@ﬁé”MS sggthion °6hx\@c§ﬁ’cg§ﬁ andguivple dasesri human
serum al bwHils thépetentBitidhlosRel #bIsdd difer Sifigle HodSdiniRizRAtiohe dbdlime® RPSPhat €

nonobasi ¢ _di hydrate, and_2.225 ng/n. sodi um phosphat e, di basi ¢ di hydrate
( For nuf%at | B prédose baseline values by Day 15, the percent reticulocytes in blood after the two

multiple dosing regimens (150 IU/kg t.i.w. and 600 IU/kg q.w.) were maintained well
above the predose baseline values for up to Day 30. This observation is not
unexpected as the normal lifespan of cells in the reticulocyte stage is around 3.5 days
in the marrow and 1 to 2 days in the blood circulation (Hillman, supra). EPO exerts
20 its biological effects by binding to & specific cell-surface receptor on its target erythroid
progenitor cells in bone marrow, the colony-forming unit-erythroid (CFU-E) and the
burst-forming unit-erythroid (BFU-E) (Dessypris et al., 1984, Br. J. Haematol,, 56:295-
306 and Wu et al., 1995, Cell, 83:59-67). These erythroid progenitor cells eventually
mature into reticulocytes which are then released into blood circulation. Data from these
25  two studies indicate that reticulocytes produced from stimulation by a single dose of
EPO appeared in the blood circulation in about 7 to 10 days. With a lifespan of 1 to
2 days in blood circulation, one would expect reticulocytes produced from stimulation
by a single dose to disappear from blood circulation by Day 15. Therefore, a
- continuous production of reticulocytes requires EPO in serum to be maintained
30 continuously (such as after 150-IU/kg t.i.w. dosing regimen) or intermittently (such as
after the 600-IU/kg q.w. dosing regimen) above the endogenous EPO concentration.
For the single dose data, there was a trend for increase in mean AUC of
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No. FD-22512-000-J-45; Product Lot 5C903J; date of manufacture, March
1995). 25 The placebo formul ation used in these two studies was a
preservative-free phosphate buffered solution containing 2.5 4yDEC WWan
serum al bum n, 5.84 ng/nL sodium chloride, 1.164 ng/nL sodi um phosphate
nonobasic d and 2.225 ng/nL sodi um phosphate di basic di hydrate
(For nul at i oﬁ%@ﬁﬁ#—’ﬁ 22512- 000- ABX- 45;  Product Lot 5C902CTPaY12638¢

manuf acture, March 1995). 30 Both studies were open-|abel, random zed,
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sanpl es for ser ufeE® ad EPOrATCredldtatincrsaseinitiziproductionrof tdtieuldeytssck st udy
period. Bl oo eﬁiﬁéﬁ Bﬁ'&ﬁil@ﬂﬁg 0 i.pati on of percent
reticul ocyt e? (9 a1p tota %%‘Jgﬁg{o@gé&% °§ts'?gg18§a% and henogl obi n
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manuf actured by DSL and nodifie used for

of EPO conceleieabledndeliver astoadysise imbemoglobindayels,and the pattemsiof theichanger e 15

descri bed i NinSaiobobin fon BARES A ikl G B HIHIBERY KALS (AGRATEL o7 S wer &

summari zed by, descriptive statistics. Mean serum EPO concen on-tine
profiles fo 8)subj ects in dinical Studies EPO PH -358 and EPO PHI - 359 are

shown in Figures IR¢ondliglor; the résRBsih thisdhidy sHO that pR@MdEBIdFRA fefaa@Nt r at i ons
a0 09" R R e e e SRR, EFO LoVl
EPO concent r 8€ administrition ava independentisfiiosecOdname 6f EPG-Wad doss-@épendent,

decreasing with increasing dose. There was an increasing trend of response

(AUC[UNCORR RETI]) with AUC(Day 0-29) for single doses. A continuous

pharmacological response (a continuous production of reticulocytes and sustained

20  elevation of hemoglobin) requires EPO serum concentration to be maintained
continuously (such as after 150-IU/kg tiw. ﬂdosing regimen) or intermittently (such as
after the 600-IU/kg q.w. dosing regiment) above endogenous EPO levels,

Clinical Study Epo-PHI-370
25 The primary objective of this study was to evaluate the pharmacokinetic
profile of EPO after administration of 150 JU/kg t.i.w. or 40,000 IU q.w. and to
demonstrate that the two dosing regimens deliver similar clinical outcomes using
hemoglobin es a measure of clinical effectiveness, Secondary objectives were to
assess the pharmacodynamic profiles of EPO after administration of 150 IU/kg t.i.w.
30  or40,000 IU q.w., and to compare tolerance and safety parameters between the two
EPO dosing regimens.
EPO used in this study was formulated as a sterile, colorless, preservative-
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t hroughout the treatnent period (Figure 22). The nmean predose endogenous
EPO concentration for this group of subjects was 14 4 m U nlL, and the
mean trougWO W&ATEntrations (corrected for base§HrgeE PET/HPO/12628 £ r st
second, and third doses 25 during the fourth dosing week were 19 9, 48
18, and 52 25 mU nL, respectively. There was an accunul ati on of scrum

EPO during_.dosi,.n he C.,.,x. after the first., second. and the third
doses in tHES tg&etgggﬁ'ﬂgd flution, Weﬂ%‘ﬁ?li-éb‘etﬁro 1,000 M@Q@?‘PM‘;‘ and 152
to 334 m UNSLFDLESRSD00 (543, Lof DR0F28) Whi #dd AR wﬂumge.kw. Q%F,'ggwfﬂeegl med

S ogenous EP e

mai nt ai ned_serum EPO | evel s above the predose end E vel up to

5 to 6 dayEPPAGOMIEI/mE (Remmiy NogEPp22382-000rAC-4febot POMOYBDavasvdestionous EPO

l evel int (fdbbﬂ}-'? s 13 3 mUnL, and the nmean steady-state trough
EPO concen?‘?é@fcn c‘%&?g}g@ed for baseline EPO) was 11 5 mlU nL. This dose

46 WO 09/ 67776 1THis Ba€aRinpe-deniEt, dpen-labal; paralelglesign, raddoniizeddtudyhi gher. C, |,
than the 150- L. dasi eqi ._al though t . predose trough
concent r at ?%ﬁé’g&g%éa%hﬁmyﬁ@bjéigg@m E?‘%“fa@(?@g P""é&g‘yaﬁj‘é‘lmﬁfﬁé t he
600- 1U kg the\studyaid Weee dmy'szdMB% Subjects wérd edidormizednolt#ddrdatnent 48 and
920 to 1489 m U/ i, reiﬁgctlv_el y e_ne SD phar macoki netic and 5

) : an >
phar macody&FeHpe andeaeiveEPQ a5 cither the standard cancen ragimam @S0 /kgpertd Wads a
i near rel gti ' : { | i daéa&nﬁ
coeffi ci en?lt%ﬁg.ag gix?i@flééﬁ:ér eh gg@“@@ggsﬁﬂffﬁggﬁryge%gﬁpt I 0 ibrsat e of EPO
fromt Me i wpeecdrawn atpredosagon Days d b 1§cand dufing $esk 4dor determination ofiand, t he
rel ati onshj idine t hat
cl earance %ﬁ??@g@?&%@@ QESB%?? Eﬂ#ﬁ%sr\g%rg :ﬂ'{r% d(LjAa#sh eag %ﬁ%ﬁgeuéjew%)aﬁg%an '
per cent r estispedific yitne-pointe oyer die 4-wsekstudyppriot fordietveminatisnafiperrent od are
shown in Figure 27. . Percent reticul tes j.n blood reached their maxi num
val ues on * BB‘P@%H&P’EP&%“%%YF@W@@&%% stration for both single
and nul tipl e dos@fthe 46fsubjects Who Mefcmalyzedior PR/PD Y24asubjets (9 malds ald er singl e
dose adm nissgegqtlégns declined to 15 the predose ba;&hl ne_val ues by Day 15,

the pelten wste ersalledrin hels0-Thfkadi-w. gam and 22 pupjectsd} ¢ malsg ppd) 1 egi nens
(150 r U kog ferhal¥s) wnélerBfled ik/tied(0000-DU %@! EniTeDethegripitc dd and abding t he
predose baseline’values for up to Day 30. This observation is not
unexpect echeRoglokin b these subjecsapplistetindégure29.n the reticul ocyte stage is
?rHiO:J l”f'mﬁ; 533 Ei’] Z )S&@%@ﬁe@é g&"ﬁbﬂﬂﬁaﬂo WerepetiBimied &t Pbb%év-eﬁﬁﬂneﬁﬂ, rcul ation
Richmond, VA. A RIA kit procedure manufactured by DSL and modified at
20 RWIJPRI, was used for the determination of EPO concentrations in serum.
The sample size of this study was not based on statistical considerations.
Summary statistics were provided by treatment group and day for pharmacodynemic
parameters; mean, standard deviation, median, range, and standard error were
calculated. To compare the PD profiles of EPO after 150 IU/kg t. i.w. and 40000 IU
25 q.w., analysis of variance models appropriate for two way layout were fit to the data,
with one of the PD parameters of interest (log-transformed AUC of percent
reticulocytes, hemoglobin, and total red blood cell counts) as the dependent variable
and treatment, gender, and gender by treatment as fixed effects. Since the gender by
‘treatment interaction effect was found to be not significant for all three parameters,
30 reduced models without the interaction term were fitted to the data and the treatment and
gender effects were tested at the 5% level using the residual error term. The ratio of the

means from 40000 IU/week to 150 TU/kg t.i.w. and the ratio of the means from females
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20 its biological effects by binding to a specific cell-surface receptor on
Its targetyer id progenitor cells in bone Lnnda€ COl Ony-f orm ng

unit-eryt h\rvgoé}‘?q&gu E) and the burst-formng umi{bg&/ rSFa'/‘fsB?f{?-‘B )
(Dessypris et al., 1984, Br.. J. HaematolL, 56:295- 306 and Wi et al., 1995, -
Cell, 83:59-67). These erythroid progenitor cells eventuall y mature into

reticul ocyg &t tFﬁl gﬁﬁﬁ Data from

t hese 25 tmﬁﬁasl%?gs [ nﬁle@gs?‘g rg}‘:l cufsgmr?g%a&r%bgﬂh 81?1‘1 stinulation
by a si ngl ANIéA nufdelsEPO appeared in the bl ood circul atlon in about 7 to 10
days. Wth a lif an o .n bl rcuI [ e woul d expect
reticul ocytes pr@g&%&m #gﬂt %%Fé?‘? e %fé'f" (fogprtegosal sappear from
bl ood ci r cendogemsus BPCDevel)l for thEhSOﬂUﬂ{g&.maan@eﬁuomww zgw)ﬂiéﬁ b Qi

reticul ocy in serumto be maintained 30 continuously (such.

S, I I res, EPQ
as aftet kﬁpgé‘qsmdmmaemﬁgowgam 38y |ntermttently (such as after .
the 600- 'U/kg 9. BhridiWeBlo4 bPdik TROUUAR Y., B RENRETBPD dealcsergficent rat | on.
ose data e

For the single re was a tren Inctease 1 n nean AUC of 47
J | DEC 2oexmcummmso:mgct¢lttbt bmmielmprapmddmm 78 ¢ A4TIUmIe éméa JC] UNCORR

RETI EPO

conc!azlt ?Zt | corr e@deqﬂﬁ?/"&?pr ea@é{%%g °é’32§*7§q§ Sgﬂaﬁ?/ Sere\géns cal cul at ed

gvg r9 ) a 4I V\tzelighmelntnﬂ'}moﬂﬂmd re39 & 18 milgily). Dusiag MSG‘AﬁthSJ‘N%%I%é% Day -
ues, ,qultiple dose an

val uesYOaTh%w,dg?“én ﬁbﬁé@f%"ﬁ&@“&?ﬂ? oprested for, baselme ERONO i s nore

efficient taﬂgeatfrdmllav wmmhﬂmhnguﬁin QQ.,EWSB@MM!WM{E)%H hafe 2 single
dose. y£| te an EPO AUC-rel ated increase in the production of

retioul oc ved M@ew&nmsomﬁﬁaﬂémumﬁm%w 16 8haum).dem | evel s after

singl e dosgeg Q¥§g Ir&ﬁn ﬁ‘?‘m' ease in
henogl obi n I eveI aft séllﬁa\lyfg%él%gos Ing I's gﬁ} lyﬁﬁ\?sﬂﬁ%l?hrlﬁl s tine. On the
ot her handjuantifi¢ation Ih!mmféhﬁmbftlcdgmthods(ﬂﬂanﬁllammo% [UéhL ¢meanstraaighady ri se
in he | o E"ﬁﬁ nogl obin from
basel P}r]i‘g \A‘fteblrne SI ¥%18+ D?'g(ri t ﬂg {)ﬁdoﬁ'm)g %‘%ﬁ%?ﬁ‘&@?ﬂ&ﬁ?’%ﬁ?ﬁur e 28). In
concl usi orDay 2% Tmuemsc,ﬁhrmthhifwrswacldytudhpwiddmhs e pmliliyndgiThel response
15 to EPO o.se and dosi n i.Ime The, absorption rate of
£P0 af tor. ool HAfe Bl o eBE rikietiaRHER) 0 BB FIB RS o wae
dose- deperlifewalnes of 31.8 + 13.4 (N = 13) and 39.3 7.1 (N = 3) hours for the 150-IU/kg
t.i.w. and the 40,000-IU q.w. dosing regimens, respectively.
20 Mean (SD) (% CV) pharmacokinetic parameter values are listed in Figure 31.
Bioavailability of the 40,000-IU q.w: dosing regimen relative to that obtained
after the 150-IU/kg t.i.w. dose regimen was calculated using the following formula:

AUC(0-168) of 40,000 U q.w. 450
AUC(0-168) of 150 IU/kg t.i.w. 40 000/mean body weight

x100%

25 Mean body weight was calculated using data from subjects who completed
the study.
- Bioavailability of EPO after the 40,000-IU q.w. dosing regimen relative to that
.after the 150-IU/kg t.i.w. dosing regimen was 176%.
Linear plots of mean change from baseline versus study day for percent
30 reticulocytes and hemoglobin concentrations are presented in Figures 32 and 33,
respectively. Mean pharmacodynamic parameter values (corrected for baseline value)
are presented in Figure 34. The dynamic responses of the two dosing regimens were
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decreasing with increasing dose. There was an increasing trend of response
(AUC] UNCORR RETI]) with AUC(Day 0-29) for single doses. A continuous

phar macol ogi cal response (a continuous production of reticulocytes and

sust ai ned 20 el evati on of henogl obin) requires EPO ser um coqc‘pggbagwg)n to
be mai ntained continuously (such as after 150-1U kg t.i.w ~dosing regimnmen)
or intern tWOAMSNI6(such as after the 600-1U kg g.w dd’§| WSO 12G? ment ) “above
endogenous EPO levels. Cdinical Study Epo-PH -370 25 The prinmary objective
of this study was to evaluate the pharnmacokinetic profile of EPO after

admi ni strat %ﬂ-glapéesn%é%el il 6t §eglu'f b0 AUCH, tﬁpﬂ) 000-18-q/W. d%b(;lﬂ% fegimetleronst rat e

that the two Iver simlar clini cal comes using
henogl obi n wes largerthan the f@‘fthtlﬁoﬁpd‘altlEfﬁ%@SW@FFésgh“Sé’EGﬁﬂary obj ectives

were to gﬂih% i & RU@fdfh&ﬁo FROURIATET ofr@dri ni stration of
50 I U kg tﬁﬁm&@% i‘ga%%%“f@ qg. ?N tgﬁf:ogl are tolerance and safety

par amet er s bbp@e@hbﬂweemwoép@m&lm@s P@QP%R%AU BEPUEBY in this study was
for mul at US@@\%@ aftbrihe Q00T G do qusgiih&ﬁas\é&txﬁﬁam:aﬁ@l 67776 1 1 DEC

2003 PCT free, citrated-buffered sol ut i n single-use vials.

The EPO 10, Goe0.93)then tyatwfienthe 450-Fks wpy. dosingregimen. é hew' Wefeho p000123) was used

in the 150- gHﬁJﬁGalérsi cmaamemm mneAua%@pa&nmacurm theAUT0t a No.
FD- 22512- 000 AC-4 he 40, 000;1U g.w. arm 5

g e pelsbevarn
This was a §M@1@%@4@PAU§£ blged e ’3&?”5?‘1’8?“ tnddemgle s iesHon zed st udy
conducted in 49 hﬁﬁlnm romu@bﬁaiaﬁgeéﬂ&eﬁngletmamm&eambqwdommesaf ety; 46

o2 e IS8 A e it St 00 2
regi men (15Qifferdnls isexposute @i.e AYC[0A68hofEREXin gerfin andidegpitec highst men (40, 000 | U
T s, 115, o REPAURP RS 128 PeasR By il eNRE for) B0 000 80 O Tt s,
Bl ood sanpl ggw. \Mgixﬁenalme AfiiCaofhertoglobinahd total xethhlpod yell-nver thegnednetth fic time
ot cl ocyt 88 pied ST rid ARetlingly) Do R} pORRmdBEET | o
subj ect sumhcphmmdym%qmndmﬁwforﬁwm femlegumm thigsudyal es and
Although the data of this study suggest that the hemoglobin responses after
the 150-IU/kg t.i.w. and the 40,000-TU q.w. dosing regimens were similar and that the
two dosing regimens can be used interchangeably, there were randomization issues,
fluctuating hemoglobin levels at the study entry, and many subjects were iron-
20  deficient at initiation (as indicated by transferrin saturation values). Error in the
randomization at the study site resulted in an unequal distribution of males and
famales in each treatment group, and contributed to an imbalance in mean baseline
hemoglobin values. To appropriately confirm the positive findings of this study, it
was decided that a repeat study would be conducted (Clinical Study EPO-373).

25
Clinical Study EPO-PHI-373
The primary objective of this study was to evaluate the PK profile of EPO
after administration of 150 TU/kg t.i.w. or 40,000 IU q.w. and to demonstrate that the
two dosing regimens deliver similar clinical outcomes. Secondary objectives were to
30  assess the PD profiles of EPO after administration of 150 IU/kg t.i.w. or 40,000 TU
q.w., and to compare tolerance and safety parameters between the two EPO dosing

regimens.
EPO used in this study was formulated as a sterile, colorless, preservative-
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15 15 fermal es) were enrolled in the 150-1U kg t.i.w. armand 22 subjects
(14 males and 8 fenmales) were enrolled in the 40 000- IUgW arm

Denogr aphiWO8¥FH % nd basel i ne henogl obin of t hekd DEGH03T PETAISA0/1262% ed i n
Figure 29. Sanple anal yses for serum EPO were performed at PPD Devel opnent,

Ri chnmond, VA A RIA kit procedure manufactured by DSL and nodified at 20

ampl o si 0ot prgaphele e ol Rl it R0 Mler ot ons,

Summary st @otrfila No. FB-2251290004R:45 wottmnm?rwasq;rsma RIS Rk Plw.
phar macodynam c, paranmeters: nean, standard devi ation, nedi ah, range, and

standard eHPeandythe EPQ 40,000 Hy/ml. (Fpﬂnﬁbrﬁmm-zmzﬁmwﬂhﬁ 99KSEP) af t er

150 U kg 2amf] anal ysi s of variance nodels
appropri at‘gasfdgreavmﬁeqoz&?ggo%w vvere f|t to the data, wth one of the PD

par anetser s of i rithis wes a §inglg-centan open-tabel, pavalleifdegign, aawdomizedshadyl ocyt es,
henogl obi [ t Q ent varlable and
treatnent opditied A B ncafifty Brjédts (8 sounfigd B dnaled B seIEREIE Sommelefi
gender by thestadyamhtveter!tnﬁlwedf@ﬂKﬂDﬁSﬁb}ﬁﬁi%ﬁkﬂﬁH&nﬁz&ﬁoﬁan‘éhﬁﬁhi'Cant for
all three ararre ers, (fﬁ?ﬁ# duc; dels without the interaction termwere
fitted to ‘!Psd‘a zeceiy stagpard caneariresinand(deQ ikgse. tisvd ed at t he

5% | evel ltﬁla%eﬂyeﬁida&iddy?dglﬁeﬂ@bdo@rrm Y Sor'tBir ek, B¥pd silfiglBSwdeO™ 10000

| U week to 150 i .w. and the rat o of e neans from ema es 49 WO

00/ 677106 ﬂr@vmedm on@mao&/lﬁzmdadmmgrwcw for determinatiomtofdemsi ng t he
geonetric Mean serum
EPO concenﬂt@?&ng M&SWHS&@E%%&;H&&&%?m Fg)irgéggggq?gwd%genous EPO
{/\EVEIL f ?mpemﬁc tizme-polntk gver the 4vweekstudyperitd, fﬁmbtcggiumgjm ogpauvgﬁkdzrl Pg h5

e o] e ri ng e of the
150-1 U kg r%&%l@.\;&vﬂg é@{#‘%{%ﬁ@ﬁ&aﬁ\é@bk@gﬁ lgg‘? concentrations (corrected
1;“ o[J/ basel | ne EPQf thﬁﬂgmbgéatfwhiﬁemﬂlﬁedﬁoﬂggﬂm ,[T7 anbjests (mné.?ﬁ]eg %OO

entrati 0 nmean r.oug

conce %‘?a? s lié;sm%l?/ lrﬁ_o)' 'i"r‘ﬁdmﬁégh ﬁsBlTle‘lth@“’lﬂ) 000- 1U 10

q. W. dOSI mwmumrmmwﬁ%@n&ﬂﬁhl&ﬂﬁ%mmw én%‘grr% &a basel i ne
EPO rangpglpﬁ?gm 197 to 1992 m U nlL (nean C, 785 f 427 m U m.) and were

achi eved Be anaslﬁ@nqumgs%ec@@rﬁbﬂ%wm@n 3m x =18 f 5 hours),
then An ELISA kit, manufactured by R&D Systems, Inc. (R&D), Minneapolis,

MN, modified at RWJPRI and cross validated with the original RIA at PPD
20 Development, Richmond, VA, was used for the determination of EPO concentrations
in serum. '

The sample size of this study was not based on statistical considerations.

Summary statistics were provided by treatment group and day for pharmacodynamic
parameters; mean, standard deviation, median, range, and standard error were

25 calculated. To compare the pharmacodynamic profiles of EPO after 150 IU/kgt. i. w.
and 40000 IU q.w., analysis of variance models appropriate for two way layout were
fit to the data, with one of the pharmacodynamic parameters of interest (log-
transformed AUC of percent reticulocytes, hemoglobin, and total red blood cell
counts) as the dependent variable, and treatment, gender and gender by treatment as

30 fixed effects. Since the gender by treatment interaction effect was found to be not
significant for all three parameters, reduced models without the interaction term were
fitted to the data and the treatment and gender effects were tested at the 5% level using
the residual error term. The ratio of the means from 40000 IU/week to 150 IU/kgti.w.
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declined multi-exponentially to trough |evels rangi ng from val ues bel ow t he
quantification limt of the analytical nethod (7.8 mMmUnnL) to 44 | U nL

(nmean trougfp demregncentration on Day 29 = 19 t ) d of the
dosi ng week on Day 29. The nean C, ,, over the, ?guph\&/\y/e gﬁ@%@éﬁaod was

13 f 9 MU nL. The terminal phase of the two dosing regi nens seened to be
in parallel with nean half- life values of 31.8 t 13.4 (N =13) and 39.3 f

7.1 (N = BhnMWrrsﬁdwmé:hmﬁﬁBﬁfMKQoxﬁaldsWe@ﬁﬂka&h@siﬂ@ﬂx@@@oﬁéﬁiﬂ- w. dosing

regi mens, respectivel 20 Vean har macoki neti c paramneter
val ues ar e 148sis5quare me &BAMNQBP |ty of the 40, 000 IU q. W

dosi ng regi men rs&ﬁhls&amtmmuméﬂﬁm préfibnbdifeckidr -w. dose

regi nen was cal cul ated using the follow ng fornu - 168 ) of 40, 0001 U

g. w. X 450 epdogsoous BR@leyel) 63 theoiS0IBIAKS ti/vk.gnd the, mooﬂdUauw groups dising wei ght
25 Meangbo ta from subjects who conpl eted

t he study %I oavali a%?ﬁﬁe?o%ﬂe&b%\ggﬁ%%e%g 40, 000- 1U g. w. dosing reginen
rel ative to thatDuring Wk #iof the3 06 TU/Kgd.iw. dosing mgsmangPég:nnmtmm:sNG%

Li near plots_of an ¢ e fro sel i ver st udy. da r percent 30
reticul ocyt¥M4R ge FPQ% aﬁ@BﬁPbﬁﬁ“ﬁﬁPﬁ E@@X‘P%Xﬁ;ﬁ%ﬁl gures 32 and
33,  respe@B4 wFUynL nesh ORI =TaT 2% IAU/BL @rmghmmyv?dlmw{gﬁgrmt ed for
basel i ne val ugg argﬁpreqékII ted in, Fi gj’zrep34 Th 8\/(9% responses of the
two dosi ngYPNEH balow thequantficaten limit of thegnalytic “EDEB&Q @1&@3@1) 2629 simlar
despitgot haommtmednmw%ﬁaﬂaﬁu&(t%)é memw Durlhg Wesk $@£ 1 egi nen

was larger than that for “the 150-1Ukg_t w. dos |n? regi rren There were no
statisti caﬂw’r Ogrﬁqwamsuwrpmw Eﬁownacenww baseling t he AUC

of red blgp ﬁ\%gg | Y t AUC of

percent 5 ret ? yé arter tﬂg ggs 861%”%@2?@8“)?2@ gpnﬁﬁg

stati sti cafiom 1 mgtehourq(mmtm 16 hzﬂmoun&ﬂhmdednnedheulﬁa@pmdnk@)ttm w. dosi ng
£ in the AUC of

129 o0 THBE g %ol i T B SR L ARES 10D A
cel | s bet weealytival meﬂmd (7.8 mIUAIS) b JSMJ/mL (mean trough concentration on
Day 29 = 2.0 & 1.5 mIU/mL) at the end of the dosing week on Day 29. Mean Cyyp, of
the 40,000 JU q.w. during the 4-week study period was 3.8 £ 4.3 mIU/mL. The
terminal phase of the two dosing regimens seemed to be in parallel with mean half-
life values of 19.4 & 8.1 hours (n = 9) and 15.0 = 6.1 hours (n = 9) for the 150-IU/kg
20  ti.w. and the 40,000-IU q.w. dosing regimens, respectively.
Mean (SD) (% CV) pharmacokinetic parameter values are listed in Figure 37.
Bioavailability of the 40,000-IU q.w. dosing regimen relative to that obtained
after the 150-TU/kg t.i.w. dose regimen was calculated using the following formula:

AUC(0-168) of 40,000 IU q.w. " 450
AUC(0-168) of 150 IU/kg t.i.w. 40,000/mean body weight

x100%

25
Mean body weight was calculated using data from subjects 'who completed
the study.
Bioavailability of EPO after the 40,000-IU q.w. dosing regimen relative to that
after the 150-IU/kg t.i.w. dosing regimen was 239%. '
30 Linear plots of mean change from baseline versus study day for percent

reticulocytes, hemoglobin concentrations, and total red blood cell counts are presented
in Figures 38, 39, and 40, respectively.
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The tinme profiles of changes in henogl obin and total red bl ood cells over
the 10 onw@%%‘sstudy period were simlar between the two dosing regi nens
despite the differences in exposure (i.e. AUCDIIBE ywaf BERA$W14EP um and
despite a higher production of reticul ocytes (as neasured by area under
the curve) for the 40,000.1U g.w. reginmen. The AUCs of henogl obin and

total red bl ood wahpgm{acwﬁaﬂﬁ@?@gﬁggﬁ#g%f%g',qgr%agms\j&meiar for two

dosi ng regi nens. There were 'no di phar nacodyn al?eesponses
for mal e arPieseRipdinsFigunsi4dc (Theidynarhicresponsty of the twio dosing fegirleisavedd t hi s st udy

t t hagms ' t -TUkg, t.i.w dth
30, 000- 1U G St B84 o AR RROIACIC G e AG0000Y aomdobiokimuin g
T BCL Gyl ng R il Sl Bt L 2t v e oML et s whr
uctuagi n nogal 001 ev a S entry, and nmany su S
iron 2o%deg?‘ﬂﬁé°ﬁﬂya‘§“ﬁ‘?ﬂti %W?g%&%@éf&c f‘ttﬁc}ihﬁ'é%)r/AIﬁCQJﬁt uration
val ues). Emamb%lbbintﬁﬁlAUGrdi‘%ﬂ 6185 @Allsenidlf i thdoRin FedifiRtl, Thike! 1 27

unequal distributi group, and

on of males ang emal es in ea
contri but ea"%ﬁwqﬂﬁﬁﬁlymﬁmt diffenensess®! t0:05) imibeAJUC bf perceritues. To

Cat . o OO ) 1 deci ded
Chat ' 1 apeagulopNeh befit ifmfIB bl it LR T erbr e AUCHEeogiobits s '
vl L Lol et e ML, T P . or
40, 000 f U &?%v?ﬁlﬁéﬁﬂ%ﬁ% tan i s, These difereriees V{%n‘e}&iiﬂi?gﬂy gignifieans. del i ver
iml |i ni cal Tiretimepiofilesofehiibs ' H r the PD
E'rﬁi?res"o%”%% g =y s?réhi 6 RO Moyl Rech CBloOn R05 '
q.w., and 8 %43‘5 R oYex th ofedBonth gtudy peniqd ‘ﬁﬁP&%?’éPQWMwotmdngm EPO
dosi githets .d thesdi el \ £599) i a sterile,
cgfgp?es;?zgﬁéﬁrgg]?ta@ve Sfd\./%c%dg}l%? 7%% DEC]B(Z%I%H %%g%/ 12629I free,

Y S

phosphat e- addition, there Wergqogstatistically significamtalifferences (1990.05)/ ni
(Formi, i ABC iyt MO AUUSHLBRAOED B AERIRR, 0 |,
99KS091)  §ells overdhe one month s0idy@eribdbetween the two SosTiy gintens A THére Wefe Cent er
open- | abel o fpedhbdlin gﬁmgodﬁ%%’cor@sgo%geﬁ}ew&n male and female subjects in
this study. The data of this study indicate that the hemoglobin responses after the
150-IU/kg t.i.w. and the 40,000-IU q.w. dosing regimens were similar, thereby
20  justifying that the two dosing regimens can be used interchangeably.
In conclusion, there was an expected difference in total exposure of EPO in
serum after the 150-IU/kg t.i.w. and the 40,000-IU q.w. dosing regimens. The
~ hemoglobin responses were similar, thereby justifying that the two dosing regimens
~ can be used interchangeably. Thus, the present studies show that a once-weekly EPO
25  dosing regimen can be used. This regimen overcomes the disadvantages associated
with the commonly used dosing regimens. Ina preferred embodment, a 40,000 IU
dose is contemplated based upon these clinical studies. The present invention also
contemplates a once every two weeks dosing regimen, e.g., at a EPO dose of 80,000
10 120,000 IU. In a specific embodiment, a once every two weeks dose of EPO is
30 used.

Results
Pharmacokinetics after IV Administration
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conducted in 36 healthy subjects (36 enrolled and anal yzed for safety; 34
conpleted the study and were anal yzed for PK/ PD). Subjects were random zed
to two tremowwet?7é groups and received EPO as ef yhsyc bl Strenrdssshizepncer
regimen (150 IUkg s.c. t.i.w.) or a weekly fixed dose regi nen (40,000 |IU
g.w.) for four weeks. Blood sanples were 10 drawn at predose on Days 1, 8,
15, and during Week 4 for determ nation of serum EPO concentrations. Bl ood
sanpl es were al SotterI¥administrationlin healthpasplunteessat patlentspmhluhpmeﬂlrmlpm nts

nenmgl obi riotafh, PHIREC bl nEoRll Aol lo BE SR b il 0 Vr o

anal yzed fpiastﬁﬂ@dﬂ@cntﬂai’low&cayMth(rmanelalfﬂifesalu&&aﬂgidg@oﬁiﬂtoflélmih@l.&i wer e
enrolled in tﬂg%ﬁ? 1U”§1%t§ w, armand 17 Sg(?Jﬂl(fCts ni ne mal es._and ni ne
fenal es) wepigh Bryereen denarted beghorered agerrepeat (Meedongall  and
basel i ne haumoigmi GliﬁfPﬁd?%EoEﬁE?L @@99.1@3)6 meﬁé@&eldasépﬁy&ﬁm@ﬁ An ELI SA

kit, manufactured by R&D Systens, Inc, (R&), Mnneapolis, M\, nodified at
RWJPRI andingreases in/Ginix #ad @lne&fnaowgméﬁ intrayengus mféomevm opnent ,

Ri chmond, Moo Ivag iHHeattlydu tWZ‘t 19?@) @fm 529&955?617{2;' agy, 9?'73 in
serum The sarrpl e Si ze of t 'S stu was not based on statlstica

consi der at#+and clegranes (GL:wes IIGBQTFQQSFO \he indepensenipfops aftar siggledelusgr oup and

day for t ql I an,
ange. - andizeenas iR G 203 oF 300-13@NR in HEMF i, Wil

phar rramodymspecnvqmedn valeesof SBO@ h$3,8:02150. 14 indH.88 £ il. 19\mL/h&g(Né§g)00 W

q. w., anal Si,s _of v del s,ap ayout were fit
to the dat aend%s?% ﬁei@??h&o r%cgggﬁ?ﬁ{fg‘g@a?@ vgrl,g qer’(‘(aér%sgt (1 og-
t r ansf or magpdtdd to be mgheemerla%iugmh@%eﬁs 1d:uumgus§v (3.13R j@hbnr ed bl ood
cel | counts as the igendent riable, tnent, gender and gender

by treat nnﬂ#t‘ that affer sj ERYenpyscoses ‘Pfcl@otaﬁa Bé 1590&1%5!% i nteraction
ef fect wagrdspetiely T TPind 6 HIVWAEAWidhesk ephl, 196,22 4 Eﬂﬁlﬁﬁi&rs reduced

nodel s WlthOUt the {nteraction termwere fitted. to the data and the

treat nBnt 30AD:140r48)- effects were tested at the 5%l evel using the
residual error term The ratio of the neans from 40000 | U week to 150 | U kg
t.i.w. 52 WD 00/67776 -1.,1. ,DEC 2003 PCT/ US00/ 12629 and the ratio of the
means fr orBkasmacekineticsafter SC\administration ed usi ng t he geonetric

A summary of pharmacokinetic parameters after SC administration
from Clinical Studies EPO-PHI-358, EPO-PHI-359, EPO-PHI-370, and
20 EPO-PHI-373 is given in Figure 42.
After single or weekly SC administration, serum EPO
| concentrations reached maximum value in times (tmx) ranging from 9 to 36 hours.
The mean ty,y Was similar for different single doses and ranged from 15.6 + 5.8 to
28.8 + 7.8 hours. There was a linear relationship between mean Cp,, and dose
25  (correlation = 0.982), suggesting that the absorption rate of EPO from the injection
site was independent of dose. On the other hand, the relationship between AUC and
dose was a curvilinear one such that clearance (CL/F) decreased with increasing doses
(Cheung et al., 1998, Clin. Pharmacol. Ther., 64:412-423). Data from Clinical
‘Studies EPO-PHI-373 and EPO-PHI-370 indicate that the 150-IU/kg t.i.w. dosing
30 regimen had a higher CL/F value than the 40,000-IU q.w. weekly dosing regimen and
data in Clinical Studies EPO-PHI-358 and EPO-PHI-359 indicate that the 150-IU/kg
t.i.w. dosing regimen had a higher CL/F value than the 600-IU/kg q.w. dosing

regimen.
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| east square neans obtained fromthe ANOVA nodel s. Mean serum EPO
concentration-tinme profiles (uncorrected for predose endogenous EPO | evel)
for the 15WQ&yagiét . i . w. and the 40, 000-N q.w. 4qrprP3MYUr iPCT/USDONEREK 4 Of
the study period are shown in Figure 36. During Wek 4 of the 150-1U kg
t.i.w dosing regimen, EPO concentrations in serum(corrected for basel I ne
EPO ranged from peak concentrations of 75 to 284 m U nL (nean C,, = 143
f 54 mlU L) to HsidicatedipdisurafadPQ decaysayamushslowsr tatsafter|SEy the

quanti fi calamihidttaibh ufdh atﬁglel\a sﬁ@é&ﬁh%v&%&%d{%%mdg g 40 N
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40, 000- 1 U 2Whomgﬁcrgm§g36dnses@£600rtﬁﬂmw&gemmdxah‘-l(feoalu&cm for

basel i C n\N/ L) at
Foes. T ang TR RIEE Y DA 0T RE R 134 R0
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Caan L cnstvab e The MsRecHIc iy Vb ob st S e bompeshel o1 1
(mean trou o] e
dosi ng \Aeeltoma&am&%oﬂ\@??oﬁﬁ U[yaﬁﬁectfoh%fﬁu@ag%dourﬁlﬂfegdhhng the 4-week

study period was 3.8 he term nal phase o e two dosing
regi mens s SUhpBtaneQys tissyes. parallel with nean half- |life values of 19.4 * 8.1

hours (n = 9) an%%@s%@?éc&ﬁ%ﬁat{oﬂsiﬁe?)sm ﬁ@oﬁ%ﬁ%xﬁ?{;@% -W. - and

t he 40,000-N g.w. dosing reglnmens, respectively
phar mad®| dtrcthe endogenonstBRO lewelbyDayr 5 (earliercir the Idwey doses the 158-Iikai | abi l ity

f the 40, . t hat ..ob f h
050 N kg 1 oF; doshgtteaiith Wid ob 3 Wihudif s ) ot A O ol Z?Luf ae
AUC( 0- 168) pmﬂotb&,nﬂ@@nbhh EPO/level w@gnoat@m%eaﬁm PericdqCheing] Spral. KThe -

e R e R R

40, 000- N glewels dboverthe ﬁ&dbﬂé&ﬂdd@h@ﬁd%l@eﬂd?&bh@&ﬂ% ih A@oding weekkg t .
dosi ng reg n was 2 9@@30 Li near, pl ots of mean chan from basel i ne

ver sus1t uthyYas sHpra)- & Mieekly doping regimens attaiped el CrocBaB 8%t 1 at i ons, and
total red PSCpOkgel.v. &Y RgifieR, IO Predbdt tugh'EGiRertFations wedd!d 40,

respectively.
néar the endogenous EPO level.

3..

Pharmacodynamics of EPO after SC Administration
20 After single (300 to 2400 IU/kg) or multiple (150 IU/kg t.i.w., 600 TU/kg
q.w., or 40,000 IU q.w.) SC administrations of EPQ, percent reticulocytes began to
increase by Days 3 to 4. Percent reticulocytes after single dose administrations
reached their maximum values at Days 6 to 12 (Cheung, supra), whereas percent
reticulocytes after multiple dose regimens reached peak values at times ranged from
25  Day 8 to the last blood sample point on Day 29 (Cheung, supra). All multiple dose
regimens stimulated modest, but sustained increases in percent reticulocytes
(approximately 2 to 7%) which were maintained above the predose baseline values
through Days 22 to 29, while the percent reticulocytes after single dose
-administrations declined to baseline values by Days 15 to 22 (Cheung, supra).
30 The relationship between mean AUC of the change (from baseline) in percent
reticulocyte [AUC(RETT)) and mean AUC of EPO (corrected for predose endogenous
EPO level) [AUC(Day 0-29)] is shown in Figure 43 for data in Clinical
Studies EPO-PHI-358, EPO-PHI-359, and in Figure 44 for data in Clinical
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53 WD 00/67776 1 1 DEC 1.uu PCT/USO0/ 12629 Mean pharmacodynani ¢ par aneter
val ues (corrected for baseline value) are presented in Figure 41. The
dynani ¢ r eQMEE3760f t he two dosing regi nens werkl DECNn2003arpcamsoi/izg2d he f act
t hat serum EPO AUC for the 40,000-1U g.w. dosing reginmen was |arger than
that for the 150-1U kg t.i.w. dosing reginen. There were no 5 statistically
significant differences in the AUC of percent reticul ocytes, AUC of

henogl obi n,Stedies PREQ-RI-37%0cnd EROIPHES TS ThetAl3@ wahileefor bath dhaigedn r egi mens.
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. an . , Ies cltlve X rger n enal es nan I n nmal es. ese
di fference °\%F3“ﬁ§f£§\°ﬁﬁ1"cél¥'%lﬁﬂ}gw§$ﬁ&93#@'370141@B(P|Q13Hb37)3bes of changes
in percent tﬁxﬁkb@%ﬂﬂ!&SﬂmﬁBﬁm&tﬁl& gf‘ﬁgretd@ﬁ'ﬂ'gnti m&gg 5@*&.‘“@‘8 sSI‘?JélgFe over the

one nonth st udy perioa were sim.iar ween t I Mens

despi t e t havagiess &eguentin Clinigad StudiesEROD-PHEF3SS andsERQHPH]369,tand tipe Of
AUC] 0- 168 (@ngg ' r i stiGal | Y..signi ficant
diuﬂ er enc]e)?"{% >0. g?h%u?dr}ﬁx&%fﬁg%?%@#& ?%:Ia?;qr%@ﬁlg , AUC of
henogl obi n Stulins BROEPHH-358 aad EPOPHil- 359dndicatéd thatp for the sirigl©dose der] thefet udy
Phar mcodySAER fenE of BRedE o OGR4t B AOCOBPERD) B 1 s ot uay.
1’28 ?3}1& oiqctduhﬁ.%d):mglﬁbmo ﬁbm‘““?"m §th FO Chifi6d) SARRS aflter t he
- g t , - g. w. .dosing regi nens were simlar,
t her eby 2053}’9&#[?5?%046%%‘8*%97{3%%&41% w‘%iqféwseaem meanysed
i nter changgmlz%gmwgﬁ{eﬁhmmhﬁgjzg%%@gﬁlg%pt ed difference in total

exposure of EPOin serumafter t .w. and the 40,000-1U g.w.

dosi ng regi mens. Thatetal EPGhasministereddr pus-month fenthe E50:TU/kg t.i.whregiaten j ust i fyi ng
that the t ' TSR . C L. t he
present st % g@sﬁ%’?ﬂgt a %ﬁﬁmﬁgﬂ%%‘g&a@?&ﬁ‘g@%‘éﬁéﬁ ﬁi@‘ﬁ be used.
Thi s r égi mAlthenghythe A68-TU/kg tdws sagimen had@snuch somllet BRD AWIQ(Day b29) ormonl y used
dosi ng regj r . Q 2.40..000 N d ' ont enpl at ed
based upo nb,{]ﬁgégn (k:lP:l ﬁqo(@alﬁf@ %’Eﬁ‘eg‘;@%ﬁ' éhseg rW'Q P%@ﬁ?‘r’m&%@rﬁont enpl at es
a once evevslusswSimiasty, theo600:0)/kggwresgimen lnd a michanale ERGe of 80,000 -to
50000 ! VAUCRDRY BERT viRS el R 4 Mg bl doss Yegien, bt ey aiso ™ ® " FFO 'S
similar mean AUC(RET]I) valugs. Thus, EPO (per unit AUC exposure) after multiple
20 dosing is more efficient in producing reticulocytes than after a single dose.

Despite an EPO AUC-related increase in the production of reticulocytes,
there were no apparent increases in hemoglobin after single dose administration. On
the other hand, multiple dose regimens were able to deliver a steady rise in
hemoglobin, and the pattems of the rise in hemoglobin were similar between the

25 150-IU/kg t.i.w. and 40,000-IU q.w. dosing regimens as demonstrated in the pivotal
Clinical Study EPO-PHI-373 (Figure 45) and the supportive Clinical
Study EPO-PHI-370 (Figure 46), and were similar between the 150-TU/kg t.i.w. and
600-IU/kg q.w. regimens as demonstrated in the pilot Clinical Studies EPO-PHI-358
‘and EPO-PHI-359. The lack of hemoglobin response after single dosing is not known
30  atthis time. There are two possible explanations for this: the increase in reticulocytes
after single doses (maximum increase of percent reticulocytes after 2400-TU/kg single
dose = 6.6%) might not have been sustained for long enough to lead to any substantial
increase in hemoglobin; and it has been hypothesized that the survival of young red
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Results Pharmacokinetics after |V Adnministration 54 WO 00/ 67776 .1 1 DEC

2003 PCTI U&WZGZQ After |V adm nistration in healthy volunteers or
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Conclusion
In conclusion, data from these four Phase 1 studies in healthy subjects indicate
20  that the pharmacokinetics and pharmacodynamics of EPO in humans are nonlinear
after SC administration. The data from these studies also clearly demonstrate the
150-IU/kg t.i.w. dosing regimen delivered similar hemoglobin response as the
40,000-IU per week dosing regimen, thereby justifying that the two dosing regimens
can be used interchangeably. Accordingly, EPO is administered about 40,000 IU/kg
25  once a week for two consecutive weeks. The first dose of EPO facilitates the
production of reticulocytes from RBC progenitor cells. The second dose of EPO is
administered to coincide with the reticulocyte pharmacodynamic profile of the
patient. The second dose of EPO will be administered 6-10 days following the initial
-dose, and preferably at the time when the reticulocyte concentration peaks following
30 the first EPO dose.

Example 2: EVALUATION OF EPO PK/PD PROFILE AFTER
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30 regi men had a higher CL/F value than the 40,000-1U g.w. weekly dosing

regi mnen a in Cinical Studies EPO PHI -3 - ,ndi cat e
that the 5@‘6“‘9@% t.i.w dosing reginmen had aqﬁll gﬁ%@%&%&ﬁﬁé‘?han t he
600-1 U kg g.w. dosing regimen. 55 WO 00/67776 1 1 DEC 2003 PCTI USOQ 12629
As indicated in Figure 42, EPO decays at a nuch slower rate after SC
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for the Iovve ses

150-1U kg t.i.w dosing reg men was able to
mai ntai n ser umE&@hmehncmmammcmPMQ aaytple desimO | evel

ﬁgé?ﬁgggugfe&%% #%ﬁ?%{fﬁ% %ng%?%qgmﬁ%@ﬁ al n @J Mgg?iupgvel S

above the m@mesepdnmmggmtuaemmmgtmamﬁoo Idigetweek dosibgsi ng week
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"?{“’e”‘séakd'm’*?é@f““‘%% 0, 1o 200 | L1 ey Por ot ple
arter mnpstrati on er I 0 nmu |pe
(150 | U kgSincs 60% IU, A@MﬂWﬂ@"“ﬁ“@v% 8%1]?‘2{8"8)6&3 g%ﬂ‘ﬁ‘{?‘gﬂsr ations of
EPO, per cegindfidiéd telde%xétﬁ%e daﬁaélﬁxédcuosing 96§ﬁ\§@o@4’0 VR §ert\oeeﬁ Per cent

reticul ocytes after si ng1 dose adm nistrations reached their, maxi num

val ues at dsliyered a comparablepbarmpcodymamic responss ke rprevadidosingregimencyt es

after pylt%ﬁlﬁ R3%iWe wegi nens reached peak values at tines ranged from 25

Day 8 tot ast food sanpl e point on Day 29 (Cheung, supra). All

mul tipl e dose Thegrimangobjectivelofthisistdywas to eveluate tke phamsacokingtieases i n

fﬁrecgpte do S%Hogfgsgﬁ(&egﬁ 43@@%&&@&?&&&1&01@?@%@ 6P40\GOCTER W Lalned above
to demonstrate that the two dosing regimens deliver similar clinical outcomes.

The secondary objectives were to assess the pharmacodynamic profiles of
20  epoetin alfa after administration of 150 IU/kg t.i.w. or 40,000 IU q.w., and to compare
tolerance and safety parameters between the two epoctin alfa dosing regimens.
Thirty-six healthy adult volunteers (18 males and 18 females) were enrolled
into this open-label, parallel-design, randomized, single-center study. Subjects were
to be between the ages of 18 and 45 years old with hemoglobin levels between 12.0
25 and 14.0 g/dL, inclusive, for females and between 13.0 and 14.0 g/dL, inclusive, for
males. Subjects were screened for study eligibility based on inclusion and exclusion
criteria and randomized to one of two treatment groups. Group 1 received the standard
cancer regimen of 150 IU/kg of SC EPO, t.i.w. for four weeks. Group 2 received a
-weekly fixed dose regimen of 40,000 IU epoetin alfa s.c. q.w. for four weeks.
30 Subjects were to receive daily oral iron supplementation during the study (two
capsules of Ferro-Grad® each containing 105 mg of elemental iron).
Blood samples were drawn at baseline and at specific time points during the
study for the determination of serum erythropoietin concentrations, complete blood
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t hrough Days 22 to 29, while the percent reticul ocytes after single dose
adm ni strations declined to baseline values by Days 15 to 22 (Cheung,

supra). 30wlkheyereilsat i onshi p bet ween nmean AUC of tf¢ pE &It[,rs&ng el i ne)
in percent reticulocyte [AUC(RETI)] and nmean AUC of EPO ?correcte for

predose endogenous EPO level) [AUC(Day 0-29)] is shown in Figure 43 for
data in Cinical Studies EPO PH -358, EPO PH -359, and in Figure 44 for

data in O icouraCBEY, M@n&ﬁég&%&ﬁ rétichldees, %%gBGWcUM&&%B%St udi es
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al'so a trend of increase.in mean as the mean AUC(Day 0-29) of
EPO i ncr eaB\asurements, and cliniesblsboratery pe@meters.n one nonth for the 150-1U kg

t.i.w eglrren-m@ﬁ m:xééhd falls n was
approxfr{mtel y 2400 IU/kg Aféﬁgﬁ‘ﬁ %Qaia@gﬁéﬁé@ ﬁhwénr%gg’?ﬁen had a
much snal | dgx@m)onmitw,mmnum thaay, labmgprspargmetemse :
regi nen, the 600- 1U kg
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2400- | U kggmupgl e dose regi nen, but they also had simlar nean AUC( RETI )
val ues. Thus, r. unit AUC exp fter multiple 2 dosln IS nore
efficient in p%ﬁégﬁﬂ %‘tn“at‘ffpég ﬁfgx}p&tb‘?’ EE0Up, qnd 08¢ g¥Ricet in s pi te an
EPO AUG r edGOGIIU §5. @7sup had heMeglobin@uey chRrid naf d@taug%@mbeﬁmlt there were no
appar ent mgﬁlzipées I n heno l‘9Iob|n after single dose admnistration. On the

ot her handP inythe ipgclusio @'glmmaélws@h)@vame\mud& athedy rise in
herogl obi nsdy) dubjeetsRo13, 2005, afd 201 Ein'thé $50 R/KEITRE gPdlip haltBérertngh | ar between

the hemoglobins of 14.1 g/dL; subject 2018 in the 40,000 IU q.w. group had a screening
hemoglobin of 14.2 g/dL.. Four subjects in the 40,000 IU q.w. group had screening
20 ferritin values below the limit of 45 ng/mL specified in the exclusion criteria: subject
1006 had a screening value of 40 ng/mL, subject 1010 had a screening value of
43 ng/mL, and subj'ccts 1015 and 2011 had screening values of 44 ng/mL. One
subject in each treatment group (subject 2015 in the 150 IU/kg group and
subject 2014 in the 40,000 IU group) had screening transferrin saturation values of
25 19%, slightly below the inclusion criteria of 220%. Subject 2002 (40,000 IU) weighed
0.1 kg above the maximum value allowed by protocol inclusion criteria for someone
his height. Additionally, subject 2016 (150 IU/kg t.i.w.) took herbal sleeping tablets
four days prior to initiation of epoetin alfa therapy.
Study Drug Information

30 Epoetin alfa was formulated as a sterile, colorless, preservative-free,
phosphate-buffered solution, supplied in single-use vials. Commercial product was
used in this study, and it was commercially labeled. The epoetin alfa 10,000 IU/mL
solution was Formula No, FD 22512-000-T-45, Lot No. 99KS077, and the epoetin
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25 150-1U kg t.i.w and 40,000-1U gq.w. dosing reginens as denonstrated in
the pivotal dinical Study EPO PH -373 (Figure,45) and the supportive
Clinical SVOMNSHE PH - 370 (Figure 46), and wer & 'sPEg %3 BETMSe 12600

150-1U kg t.i.w. and 600-1U kg g.w. reginmens as denonstrated in the pilot
Cinical Studies EPO PH -358 and EPO PHI -359. The | ack of henogl obin
response aft.er.sj e.dosing is ot 3 is time. - There are two
possi bl e eﬁf& 391@‘?@%”8&@%@ ﬁ@ﬁﬁ“ﬁ%ﬁ%&ﬁ%‘@&%ﬁiecyt es after single
doses (maxLotNv.i99KSeese of percent reticul ocytes after 2400-1U/ kg single
dose = 6.6% m ght not have been sustained for |ong enough to |l ead to any
substantial increase in henoglobin; and it has been hypot hesized that the
survival o r /67776 1 1 DEC 2003 PCT/ US00/ 12629 bl ood
cells depe?ggﬂgﬁqgtﬁﬂg@ﬁ%%%ﬁs presence of EPO in the blood circulation
(Al freySet al ., Suljers wtieadinifteddo thedingestiggor’d B0ility atdedstl2 kourgprordese .

adm ni stra} | neake I gBs._rangi fromeQ to 12 days
and retur n{ehg %?%"nﬁgrngag%g §k %g&ﬁ%dl%g?&{ Méy Lpgifbdeci%w%ggggedﬁ%atﬁqugs pan of

((:el : is in rEhihrmlsqmixattbdi:bﬁg&»nim)ah@Tﬁterlwa‘sfavﬁladhw IE;)it'um. ISEBjethW&'e circul at : 8“
Hi Il man et ., 1967, Sem Haerat o 4(4):327-336). _ Therefore, one wou
expect youﬁ’&g?‘ﬂg’ asyugped an r%ﬁ?b"égt%nF ﬁfw(‘ﬁyotasﬁzethewafpu%& about 7 to 14
days after dosingreffy (NEN, EPOrp&dtament ' atl ons arter singre dose

adm ni stration mmgwmﬂ@wd in
death of the vyolEeppkd cel | s dbtandard GancgsReghwemt sufficient EPOin the

bl ood circul ati \(,)\g\rﬂéfh sustain 1015[)61?}/1&% ﬁfé@p\‘)-bmga@tia’efo?%lﬁrweg d, EPO

concentrations i nt ai ned above endogenous [evel contl nuously
after the t.i.w Giephg regi menWeeklyFivedDoseRagimenfter the weekly dosing
regi men, and theprgiahe the survj cel | st ai ned,

| eading to a conpi@nllcjgéus rise i n}‘qf\gdrpoq %%c?sﬁgkg:ua{rlfagsdcﬁ%?%r\t’%g&w%ezﬁsi od.
Consequent | y, t oFerBbseiGrotype, the wolunrl of irfjectioh S6rae70kgdubjecovas

phar macol ogi cal | 15 produced young red cells, serum EPO concentrations
have to be abovexﬂm@“"‘gﬁgbgéﬁ’g{us | evel . Conclusion In conclusion, data
fromthese four PoaseseGrohpd] 188 volimedidjébtios Wik egdctlyiinghi.cate 20 that the
phar macoki neti cs and pharnmacodynam cs of EPO in humans are nonlinear after
SC administration. The data fromthese studies also clearly denonstrate the

150-1 Ugkg €. 1 95 ol e SRR eBnioH 1, ThoNekig MATRO AP &P SPONSe as

equalled or exceeded 18.0 g/dL, a second sample was drawn to confirm the first
finding. If confirmed, phlebotomy was done to reduce the hemoglobin level; initially,
one unit of blood was to be removed. The iemoglobin was measured again once the
subject was stabilized. If the hemoglobin level was still 18.0 g/dL or greater, another
15 0.5 to one unit of blood was to be removed, and the hemoglobin measured. Any
phlebotomized subject was discontinued from epoetin alfa therapy and underwent the
required completion evaluations and procedures.
The 10,000 IU/mL formulation of epoetin alfa was used for Group 1 (Standard
Cancer Regimen), and the 40,000 IU/mL formulation of epoetin alfa was used for
20  Group 2 (Weekly Fixed Dose Regimen).

Concomitant Therapy
Subjects were instructed to take no medications (prescription, over-the-counter
(OTC), herbal, or “natural”) beginning two weeks prior to the first dose of study drug
25  and thereafter for the entire duration of the study. In case of headache or flu-like
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40, 000- 1U per week dosing regi nen, thereby justifying that the two dosing
regi mnens can be used interchangeably. Accordingly, EPOis adm nistered

about 40, OQd dokd7ig 25 once a week for two consecyti . st dose
of EPO facilitates the production of reticul ocy-#lésdé‘cr @ﬁfé’?&%&@@%ﬁﬁt or .
cells. The second dose of EPOis admnistered to coincide wth the
reticul ocyte pharmacodynam c profile of the patient. The second dose of

EPO wi | | beympttn pirecersinél-cblldRyantitblerai Mohb Bmindiblid] of lpse, and

preferably at,the él me when the reticul ocyte concentration peaks follow ng

30 the fir StedispipR pecamemesessany, i wastode anortad aorheERpropardanRepot E AFTER 58

WO 00/ 6777 Gorin {CRI5and QBareE Gdéudnin?/ 12629 ADM NI STRATI ON OF 150 U kg t.i.w
AND 40,000 U g.w.” I n specitic 1ndications, such as cancer, subjects are

treated with 158ubjeptsgeceined dailyioml iren supplemefitation diring hestudys(tad | mpor t ant

goal to.ch ren ppr.oved 0si ng.schedule to a nore conveni ent,
(i.e., %ncggb%@r"a%E%%ﬁ%%é‘@ﬁg?‘w%ogé&%‘%@w&gma- schedul e and - :
reginmen. A |less frequent adm nistration will inprove user . acceptance and

conveni enc T har macoki neti ¢ and pharmacodynam c properties of the
mul tiple dgﬂqﬁ“ﬁw%n of epoetin alfa have been defined in the previous

exanpl e ( EPfphéilld Bvedts"Sthedfi®O- PHI - 359) . The data suggest that 150 | U kg
t.i.w. and 600 | U kg/week dosing 10 regi nens have siml|ar pharmacodynamn c

responses (e.g. Thestidygwas divideddufb thresphasesT sereering; Geatopototridn al f a can

pot ent jpl | mpg S |l amdaose. .S nce 600 rU kg
i s equ?(\ﬁlal %?1‘?‘9 F0 4 %ﬁ%gr Sgbﬁ%@ %e)( epéé'?{s%ﬁefl f?‘%éelﬁflggéﬁfy during hSas
conduct ed scoeeingpesiod fproceduats prrfbimetiwithia itwg weelgs ofetudgrug0, 000 | U per week
del i vered ( . all har macodynam c r.esponse t he approved dosing

regi nen 1 omwuﬁk'gl"?‘?i‘ﬁf’% #‘Hﬁ?‘@ tSBP%gfq‘?/B&Q)'F%?@ B5QUPdy was to
eval uat e tdmd thémemered khetedatrentphase) [Sabjetts RASdonfindd Withia tHe@linfRCHT ISt r at i on

of 150 U t.i.w_or 40,Q00 IU gq.w, and to denonstrate that the two
dosi ng r eghiqTEs pfagr;tg the Wﬂ%“%qqu&wrb@%bﬁn%@%@naﬁm obj ecti ves
vere tgs asfopasiedsh24 BB MRECIBEIR ik ' i er

adm ni strati oneof 150 1U kg t.i T W. lgpq%&g%ﬂﬁﬁgﬁﬁP?ﬁQ%?ge?gﬁnééare

t ol er ance 3HASKish boyrs paipriestasing opdaych Hut neecivedovaierast libinal Thedosi ng

regi NeNns. treatment phase consisted of study drug administration (dosing on Days 1, 3, 5, 8, 10,
12, 15, 17, 19, 22, 24, and 26 for the 150 IU/kg t.i.w. group and on Days 1, 8, 15, and
22 for the 40,000 IU q.w. group). On Day 22, a second confinement period began

20  with the administration of epoetin alfa and continued for at least 144 hours post-

dosing. Evaluations of pharmacokinetic, pharmacodynamic, and safety parameters
were performed on all subjects at periodic intervals during the 28-day treatment
phase. Study completion evaluations and procedures were performed on Day 29, or
upon early withdrawal from the study.

()

25
Pharmacokinetic Evaluations
Sampie Collection and Handling
Venous blood samples, 2.5 mL each, were collected by dirett venipuncture
into vacuum tubes for the determination of serum erythropoietin concentration from
30 the 150 TU/kg epoetin alfa t.i.w. group (Group 1) at the following tiine points:
Day 1: 30, 20, and 10 minutes prior to the initial dose of study medication.
Days 8 and 15: immediately prior to dosing.
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Thirty-six healthy adult volunteers (18 males and 18 femal es) were enrolled

into this - |, parallel-design, random zed, single-center study.
Subj ect s V\@?é%ﬂ/&i‘gﬁge between the ages of 18 and .14 Bfagly RCT/G{00H12629

henmogl obin | evel s between 12.0 25 and 14.0 g/dL, inclusive, for females
and between 13.0 and 14.0 g/dL, inclusive, for males. Subjects were

and r andom zed 120822 Bt 24, inledRT BB g iy in o0 £ B 1L sc T e o'
standard c3fnewnd 36 hourspostabsing0 | U kg of SC EPO, t.i.w. for four weeks.

Goup 2 received.a ekly, fixed dose,reginen_of 40,000 | U epoetin alfa
s.c. IOq. w. for f g?ﬂy %ég'ﬂg‘.ex‘ﬁfhmlﬂré% Qs 8t 03¢ B SePrids H%zillsyz‘gﬁél 48 r on

suppl enment a&,hqmﬂufsiﬂhgt_a&ﬁm_study (two capsul es of Ferro-Gae each
cont ai ni ng 105 rr% of elenmental iron). Blood sanples were drawn at baseline
5

and at dpecific SBlped samplesforthe detgminationof setymfenythropeietim concentrationon of
serum eryt | .e4n n ' I \D 00/ 67776 1 1
DECPCT/ Usowgizagdéount E%Bgo% F‘%@F’B&?ﬁé%@?@‘é’ﬁ‘ﬁ%ﬁ ‘ocyt es, henpgl obin
concentrati ons, Daydl: 30e26no0d 10 mimaés prior t3hé atitjal dosel of atadp needivetien. based on
L e B A BB, oS S° £V % chanoes 1
ol oUl o ed 7 3o T el A o B ot Tt o er "
moni t or¥d G ?&dgtinélé‘hgg'.goséié&ﬂ%gg' 20 P60n 99102 108} 8 dbl.dAdh severity
of treat menRoery, ¥82t14ck4AN1$8 hoﬁ-g?Bimayazzfépeam@m@&ﬁﬁﬁé‘ufaaaﬁ.pr estudy in
physi cal exam nation findings, vital sign nmeasurenents, and clinical

| abor at ory par amamples wergaliayeed e globatgpomdempenaturg dor approximatply subj ects were
Aoy TP IO . . TSN
Initiate zﬁmﬁnﬁ@% gﬁrg%%?bcf fof ten' Mifnhids hﬂlo@?ﬂ-g%ﬂesﬁ?éegﬁfd; riteria

concom tant therap y paraneters, uri S | sign

measur ementcentrifuge. Senimives digpeneed intorn prelabeled-polgprofdenevial. The samplep Thr ee

1540, 00 FSre Eoperchtci Cil YRt Afed Rodenan s ShbruP e BRI 1)’ cbove the
limt specified in the inclusion/exclusion criteria (14.0 g/dL), but were

i ncluded in.t udy.. Subjects 2012, 2015, and 2016 in the 150 I U kg
ti.w gro%ﬂ?é&aikr%ﬂm henogl obi ns of 14.1 g/dL: subject 2018 in the

40,000 1'U g.w. gSample dhalysés foEdeRtR epsttin alfa were performed at PPD development,
Richmond, VA. An enzyme-linked immunosorbent assay (ELISA) kit procedure
20 manufactured by R&D Systemnis, Inc., (R&D), Minneapolis, MN, and modified at
RWIJPRI, was used for the determination of erythropoietin concentrations in serum.
The commercially available ELISA is a direct, double-antibody sandwich assay.
Microtiter wells, precoated with a mouse monoclonal antibody specific for rHuEPO,
are used to capture EPO. The bound EPO is labeled with anti-EPO polyclonal
25  (rabbit) antibody and horseradish peroxidase. An optical signal is produced with the
addition of substrate. The major in-house modification of the R&D kit was use of in-
house recombinant human erythropoietin in standards and spiked quality control
samples. -
Standard concentrations used in the assay were 7.8, 15.6, 31.3, 50, 62.5, 100,
30 125 and 250 mIU/mL. Sensitivity, defined as the lowest standard giving acceptable
precision, was 7.8 mIU/mL and the assay range was extended to 5,000 mIU/mL via
quality control dilutions.
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henogl obin of 14.2 g/dL. Four subjects in the 40,000 IU g.w. group had
screening 20 ferritin values belowthe limt of 45 ng/nL specified in the
excl usi on WAMT'8: subject 1006 had a screeni rigl BEC 128030 FPCTOUSOOMIERY

subj ect 1010 had a screening value of 43 ng/nL, and subjects 1015 and 2011
had screeni ng val ues of 44 ng/m_. One subject in each treatnent group

(subj ect 2 I N tlﬁ%e ilsé)ﬂ group and subject 2014 in the 40,000 Iii
group) had r@éﬁ‘? teEAvameters n saturation val ues of 25 19% slightly

bel ow the i ncl uSkefh wnbéﬂatheW@oémmfém%&%d( ﬁe%ﬂ%oﬂﬁ ghed 0.1

kg .above the maxi mum val ue al é rotocol 1 nclusioh criterra tor
soneone  hParAmEteg EmxAviai Grio M(F(gqsa)s bﬁ’eé@d 026 werqmemuted/bygnadel-. w. ) t ook

herbal sl egpj gqgeﬁ% four days prior to initiation of epoetin alfa

t her apy. Stuge ug &ﬁ or mati on 30 Epoetin alfa was fornulated as a
sterilej colorless, preservative-free, phosphate-buffered solution,
supplied i | use,vjals. Commercial product was wused in this study,
and it vvasﬁgghﬁg%?m?wwi%d The epoetin alfa 10, 0001U nL solution was
For mul a No. FD PRividcdiyfant: h@lud%i@ﬁﬁemﬁi@@f&ﬁﬁﬁ@@&&h' n 60 WO

00/ 67776 1 Egglan PCT/ US 12629 al fa 40 000 | W nL solution was Fornul a
No. FD 225'2?" npercent retiqulacyigs, red blogdsells, pad heaogiehin semaentrationsandn 5

Subj ect's Weft refdfiérishipdo st My thrdpSistih daRcRhiratidnaCi | 1 ty at least 12 hours
prior to the adm niStration of Study nedication on Day 1. Subjects were

fastedQor at |l east ten hours prior to dosing on Day 1; water was

avai |l abl e ggf %.g T n§UbJ ects were randonly assigned and received one of
two study rre I'catrons as follows: Goup Treat rrent Goup 1 Standard Cancer

Regi nen (NAnlagrselB@ntsU/ kg of epoetin alfa s.c. t.i.w for four weeks G oup

2 ek, 71 X2 ERif oot by oP0 bl RS 5 £, "
was  appr omimehdddyevéntd oberved during clinical investigation that were new in onset or
15 aggravated in severity or frequency, including pathologic findings that required
medical intervention, including additional diagnostic procedures or alteration of study
therapy.

Each subject was observed throughout the study beginning with the first dose
for possible adverse events. Adverse event reports were identified by voluntary

20  subject reporting. The investigator recorded on the subject’s CRF any treatment-
emergent adverse events regardless of their relationship to study drug. Adverse
events were characterized according to date of onset, severity (marked, moderate, or
mild), relationship to study drug (very.likely, probable, possible, doubtful, or not
related), action taken regarding study therapy (none, dose reduced, drug stopped

25  temporarily, or drug stopped permanently), and whether or not the event was serious.
Information on concomitant therapy and outcome was also recorded.

ISerious adverse events were defined as those that were fatal or immediately
life-threatening, required or prolonged inpatient hospitalization, caused persistent or
significant disability or incapacity, or were congenital anomalies, birth defects, or

30 overdoses. The investigator was instructed to report all serious adverse events
immediately to RWJPRL The investigator was to collect information on serious
adverse events for up to 35 days after the last assessment on Day 29. Safety data were



For Dose Group 2, the volune of injection was exactly | nL. 10 If, at any
time durin eat nent phase, the henogl obin for any subject equal | ed
or .exceedeg’(i@%@;é/dL a second sanple was drawn ﬁbDEorﬁﬂﬂBrPﬁng{‘W@‘"H‘F%t
finding. If confirmed, phlebotony was done to reduce the henogl obin |evel;
initially, one unit of blood was to be rermved The henogl obi n was measur ed

1870 g aL als0 sl BSF RorBiaLY stioys aerie svemts iese e comeBErdvp be tigene
renoved, asht were SERGMIIYRevereBEdARGE mmﬁmﬁm ftervaflionubj ect was

di scontinued fromepoetin alfa therapy and underwent the required
conpl etion eval uati ons and procedures. The 10;000 | U nL fornul ati on of

epoetin al @GP LYBGAEY TétsouP | (Standard Cancer Reginen), and the
40, 0001U/ nL tornul ation“of epoetin alfa was used for 20 Goup 2 (Wekly

Fi xed Dbse Regi Sample amdmmncammmm téklbyventpprfnaneﬂ atertvmfened to take

Mmatur ai ) AWRAEE BefPU Biodt ik Brpeohibemioath b g 25

and t her eammuloéyxes,weblemcuue(mnC)meamcmfmschm%luﬂu(Mcvpmof headache or
flu-like 61 WO O g777q {lﬁlgﬂ C 2U03 PCT/ usod 1 gﬁ)toms par acet anol
coul d be a8PPH glphin FAT COmussylenhemog TRONoN became

necessary, aucn@saﬁdq:maefs% a:ednawg’@r@aﬂ@%a bﬁmys 358, 9,8

{)-Rj 2, form (CRF)
and source_document. Subjects received daily oral_ifon suppl erentation

dur i ng1® hel3tkald: (Z?Mﬁ 26, and 29, patweeys8 qnérlpe\"ta'%llﬂsﬁl)’keé@# ssmas% 105
of el ement Ql%ohfc%edﬁtﬂ@ytﬁ’é@ﬁ » edunP B tdial'Re @,@g conp 1.The study was

divided into three phas€s: screening, treat etlon/early
wi t hdrawal . Sub$e@umshoemistry sampleswens drawn atlsemmng aryi tcrmmglommayrﬂﬁ),t he

screening r of st udy drug
adm ni strati on?gméﬂg&f C%ﬁefga%lg’ﬁ’dwg%gaﬁé’ﬁlmﬁg Sﬁphf’ﬁ'é to treatnent
gr oups anUMmmmmtmmmrmmwmcmmwpnf| ned within
t he cI iC east .12 haur rior to th | tra n of ,study drug on
Day 1, galnd B‘é‘ﬂ‘ H‘i‘éj“%@ﬁﬁﬂﬁaﬁp f? o f“l"éﬁ'y ﬁéﬂ?@ fng, until
all tests (SGOT; pepdriate @ninottinbfefiat CASE)! Serird Fhubdinic-pyruvic transaminase
(SGPT,; alanine aminotransferase (ALT), and lactic dehydrogenase (LDH). |

Blood samples for iron parameters (serum iron, total iron binding capacity

(TIBC), and ferritin levels) were drawn during screening and on Days 8, 15, 22, and
20 29. Transferrin saturation was calculated as iron/total iron binding capacity.
Urine testing was performed via dipstick. If the blood or leukocyte esterase
was positive (1+ or greater) and/or protein or nitrate was trace or greater, a urine
specimen was to be sent to the central laboratory for microscopic examination.

25  Other Safety Observations
Vital Signs
Vital sign measurements of sitting blood pressure, pulse rate, and oral
temperature were recorded at the screening visit, prior to study drug administration on
‘Days 1, 8, 15, and 22, and on Day 29 (termination). Respiration rate and body weight
30 measurements were taken at screening and termination; height measurement was
obtained only at the screening visit.

Physical Examinations
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at least ten hours prior to dosing on Day 1, but received water ad |ibitum
The treat rrent éohase consi sted of study drug adm ni stration (dosing on Days
1, 3, 5, 8WaAWeET7%> 15 17, 19, 22, 24, and 26 ¥ PDECHENILSPCT/UBNGY2629i .

group and on Days 1, 8, 15, and 22 for the 40,000 N g.w. group). On Day
22, a second confi nerrent period began 20 with the adm nistration of epoetin

al fa and conti nl.b d r at, |l east 144 hours, post- dosing, Eval uations of
phar macoki neti c, iﬁﬂﬁ? (FXARinpHOng were pe W@%ﬁmsﬁﬁgmﬁeﬂpaﬁéﬁforned on

al | subj ectmt@Quﬂgyuggmgndent ervals during the 28-4y treatnment phase. Study
conpl eti on eval uatlons and procedures were perforned on Day 29, or upon
early wit hdr anaBefors the studycsiteaves splected.therinyestigator, istudgsite persomek andsanpl e

Col | ecti on gai 2 | ect ed
by direst venﬁbzunc hir"{ei'%l 0&3‘5@53@? l‘sﬁﬁrr;el Fg ﬁjgfogfa’me#\? "gf’%ser um
erythr ?E;l en.ﬁommtnmsemh M]Eere: mwwedrmdaﬁpmhm e iﬂdbk&a&g’g@tlggs @brhguﬁiegl . W. ,
rou 0 t the.fo oi nt.s: an m nut es

gri OIP to tlltgcjl %ﬁ °dP‘t'GB%'b°£)tB §?‘8&y%ﬂ%ﬁ %‘Eﬁs W°éa‘§¥'°8°‘afﬂl agenraqyaedi at el y

rior to desm 8 riflgth 9,,]3@;5/ 22 and 24:
Prmedl ately p?Pg %o%??ﬂﬁgﬁgon;%l%uS ¢ 15, 18%@5 30, and

36 hours post - db¥cRgpancigyinihe #t&mw@mdw@&e’mmmrmdmw 0.5 3, 6,
S, 12. 15, Thédark werd bnterdd intd Mk RWIBRY bita BAR and S5prOtimecdhiR edt™P! 5 1 OF
(S) I on rom

t he det erm nation “o% serum er yt%r opol et1n conc he 40, 000 RI
q. w. gr®up Pragrasas;wene rum tor vesify thel asonnagy of thedgebases: Day 1: 30, 20, and 10
mnutes prior to the initial dose of study nedication. Days 8 and 15:

i medi ately prior to dosing. Days 22-28: inmediately prior to dosing and at
0.5, 3, 6, Statisticgl Method8, 24, 30, 10 36, 48, 48.5, 51, 54, 57, 60, 63, 66,

72, 78, 84, 96, ,.96.5, .99 102 10 108, .11 114, 20,..126, 132, 144, and
168 hours post DaY® ’2@%8&%9?&"%&?& Wk qﬁi"?ﬁé&f‘l’@ﬂs“ sideratignse al | oved to
clot at r O(I‘hhz’bm@li@idﬂ)@:sﬁ@ﬂes%ﬁﬁﬁﬁéﬁ notatibtical B6ts Werd PefBrmA&od Nen centri f uged
for ten m anrg Eiunl Ooanfm | n a refrigerate
acokinetic parameters. Summary statistics, including mean, standard deviation,
median, and range were provided by treatment group for hematology, serum
chemistry, and vital sign measurements.
The primary objectives (i.e., to evaluate the pharmacokinetic profile of epoetin
alfa after administration of 150 IU/kg t.i.w. or 40,000 IU q.w., and to demonstrate that
20  the two dosing regimens deliver similar clinical outcomes, using hemoglobin as a
measure of clinical effectiveness) was addressed by descriptive comparison of
pharmacokinetic parameters obtained after study drug administration.

Pharmacokinetics
25 The following pharmacokinetic parameters were calculated by model
independent methods using the WinNonlin software, Version 1.1 (Scientific
Consulting, Incorporation, Apex, NC):
Peak serum concentration (Cry): the observed maximum serum concentration
"during the fourth week of the dosing period for the 150 IU/kg t.i.w. dosing regimen
30  and the 40,000 IU q.w. dosing regimen.
Time to Crax (tmax): the time at which Cay occurs. Ty, Was not reported for
the epoetin alfa t.i.w. treatment group because Cyax occurred randomly at any one of
the three doses during the fourth dosing week.
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centrifuge. Serumwas di spensed into a prel abel ed pol ypropyl ene vial. The
samples 15 were frozen at -20 C and were stored frozen at this tenperature
until anal YWR6TRal ytical Procedures Sanple andily88E $8:r reavuswrmost in
alfa were performed at PPD devel opnent, Richnmond, VA An enzyne-linked

| mrmunosor bent assay (ELISA) kit procedure 20 manufactured by RgLDf Systﬁms,
Inc., (R&D), Magneapolis, M\, and nodified at RWPRI, was used for the
det er m( nati)on 0 %ﬁ“)%c" £ Gough eoncentration (Grin) damn fos thecst S0 FU/ketiav.comrer ci al | y

i | abl i ' ' ' | roliter
et s pr oo whs SatinitSs by aRRHBING 1 Drddey Houph oML adiEE 8 Dayd'22) Do v e
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rabbit) apid 4600 ' ' . A optical siqnal is produced
\(Nith th)e yfd. {] on@f“@%@?‘?‘ggg W%’gﬁﬁﬁ‘-"ﬁ%’s@“ﬂ% FPRCEn .ﬁi?ﬁ o8f the R&D
kit was Sus®ays 8, 15, 2B,anddhe cargeitration tat mmmaﬁetﬂfeQmuedeian@dmandﬁrds and
I ked it t sanpl es. Standard concentrations used in the assay
j\glr ee7. g?alg. % %@%%B‘P s@%?""fﬁ?f‘“%ﬁ‘%w 1B Hme ey tpthe ltnsi ti vi ty,
defined as bldod shnplisg itk AEE.theJiuving thedsst @ 8ek fBf §5oefih %@m’conﬁ gl m U/

d the’ an extended to 5,000 mM U nL via_ quali
ginl ut i gngsﬁgé%ﬁ"ggﬁﬁ% taw: Eﬂ@lzmylwmmmd@nd%nacoki netic
Par amet ers Ser uicagine b odRinRkra 1 . e
pﬁar macoki net i C(T:l par a?reaftéetfssc Cnx, t, ﬁ6ﬂ@%@?9ﬂ%@?€ﬂ?@§3ﬂﬁ@#&%#ﬁt 1n were

nmeasur 8 by M{ﬁd’-mﬂ ndependent nethods. 5 Pharnmacodynami c APaI ysi E .
e e e L Y
and t hei r constant. The slimination sate constany was estiniatediby linemaegression ofns. 10 Safety
Eval uati ong,,.e¥iet 3fa BYSEHE & the terminal linear region of the log-linear concentration-
time plot. A minimum of three data points were used in the regression. The t;2
15 values were not reported for those regressions with a correlation coefficient (r) less
than 0.975 (or r*<0.95).
The mean, standard deviation, and coefficient of variation of the
pharmacokinetic parameters were calculated for each treatment.
The pharmacokinetic parameters were calculated using serum erythropoietin
20  concentrations corrected for predose endogenous erythropoietin levels. Postdose
serum concentration values were corrected for predose baseline erythropoietin
concentrations by subtracting from each of the values the mean baseline
erythropoietin concentration determined from the samples collected at 30, 20, and
10 minutes before dosing. Predose serum erythropoietin concentrations were not
25  included in the calculation of mean value if they were below the quantification limit
of the assay. If the concentration values of all three of a subject’s predose samples
were below the quantification limit of the assay, then the quantification limit of the
assay, 7.8 mIU/mL was assigned as the mean baseline erythropoietin concentration
‘for that subject. Actual blood drawn times (in hour relative to the time of the first
30  dose) were used in the calculation of pharmacokinetic parameters.
Bioavailability of the 40,000 IU q.w. dosing regimen relative to that obtained
after the 150 TU/kg t.i.w. dose regimen was calculated using the following formula:
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Treat ment - emergent adverse events were defined as any noxi ous or

uni nt ended @33 s _observed during clinical i nvesti' fj%l op,.t hat were newin
onset or T @é{ﬂﬁ/at ed in severity or frequency: L TESM0RERyi C
findings that required nmedical intervention, including additional

di agnostic procedures or alteration of study therapy. Each subject was
observed t hroughout t @t Udyfaé Mni ng wi.th the first dose for possible
adverse events. Adver ¥ehO ﬁ ts vigr 8% dentified by wohoew,ary 20

subj ect reporting. Theygigw.estigator recorded on the subject's CRF any
treatment- energent aduerse events regardless of thejr relationship to
study drug. Adverse AHGe-sy@El¥) BHkg act ef),000mearcbodyi ng to date of onset,
severity (marked,. nod te, or mld), relatignship to study drug
(very.likely, probabl &’ "possible, doubtfurvf'gb&nnot rel ated), action taken
regardi ng study therapy (none, dose reduced, drug stopped 25 tenporarily,
or drug stopped pernma tly),, and. whether or not the event was_serious.

| nf or mati on on concompﬁgmy%¥W§Wt%ﬁmuﬁﬁqsé%%moww-rﬁ@mwbﬁ. Seri ous
adverse events were defdofiplbtedithé ft@de that were fatal or immediately _
life-threatening, required or prolonged inpatient hospitalization, caused
persistent or significant disability or incapacity, or were congenital
anonal i es, Phafmideo@fiaffitss. Or 30 overdoses. The investigator was instructed

to report all serious adverse events imediately to RMPRL. The
i nvesti gat or waSummasy statistics inchudingaméan standarddeviatien, meiliay, sangeyandt s for up

to 35 days n_Da . Safety data were 64 WO

00/ 67776 1 s?“ﬁ%@ﬁﬁ?@%’?‘ﬁ@%‘@%ﬁ ﬁ%&ﬂ/ﬁw% t ghclocytes ad ser i ous
adver ses ev bameglobincoacentrationso Ealadliﬁaldz were basetl bﬁ%ﬁbjedt%@hoﬂ&h e?dd‘;}ﬁé ciently
severe or rn,ng.t o Leqyi | [ venti qn. | ni cal Laboratory
Tests 5 Sa%ﬁ&”gﬁ%h?g’gaﬁgrig ﬁ%czi llsaﬂi)ﬁét §4¢2ésﬂsd%ﬁawgeperforrred at
Havenf er n suminarizédy “widowBRr kWas péfformd @9 RcRASTbSRory e AdeliRGn RRTOY! Obi n,
hemat ocri t eﬁéen} retlcég{ﬁ)ogﬁes red bl ood cells (RBC), nean corpuscul ar

vol une ( o5t a suhuert Hested gtitke day(s)spasified: Ghavgesar

h - | b ! . . .
and. on_ Daysog o gouiierd Sty Ritheft Gofh BCuI Tl B0 dEGR° Lol neen o

8, ,
and 1019\ changp &om baselinemalues versusistudy dawwere-generaied fonrdtichloaytas], er yt hr ocyt e
count and h&héglobif U RiftincOUNt Wi th differential.

Pharmacokinetics/Pharmacodynamics
Nominal times (in day relative to the first dose on Day 1) as stated in the
15 protocol were used in the calculation of pharmacodynamic parameters. The following
pharmacodynamic parameters were calculated by mode! independent methods using
the WinNonlin software, Version 1.1 (Scientific Consulting, Incorporation, Apex,
NC):
Area under the serum concentration-time curve of percent reticulocytes from
20  time zero to 672 hours (Day 29) post-initiation of dosing [AUC(RETT)] was
calculated using the linear trapezoidal rule. AUC(RETI) was estimated using percent
‘reticulocyte values corrected for predose percent reticulocyte value. The mean of the
-10 minute and -30 minute predose measurements was used as the predose percent
reticulocyte value, For those corrected percent reticulocyte data with negative values,
25  azero value was used in the estimation of AUCRETI).
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Serum chem stry sanples were drawn at screening and term nation (Day 29);
par anet er s i d glucose, calcium sodium pq Iu chl ori de,
pho_sphorusw&@/&gg'& urea nitrogen (BUN), total bi\t'ﬁl%rﬁi ~ ACTASOHI2639 ¢ ot al
protein, cholesterol, 15 albumn, uric acid, alkaline phosphatase, serum
gl ut am c- oxal oaceti c transam nase (SCOT; aspartate am notransferase (AST),

serum gl ut am c- ' ] - al and,ne Lnot ransferase (ALT),

and | agt ic dehy%géﬁ%ég{%w&@?@%@%°@% ngﬁ\’m&“’( seE um :

ijr on, totalto '6!'7'2>hom"s ((jﬂdy@)qmsteinitiaﬂon ()irddiﬁh,[gmm}mz ggo)i] _Iiyiaachfemgb_g),smgre dr awn
uring scr .N nd o S . an .. Transferrin saturation

was cgl cul 35@‘&“’35&%8%@- ﬁﬁqﬁi‘ﬁﬁ?”ﬂ‘b’”&%@gi“ﬂ‘?g hempglabinygluesg was

per formed \comestedfor ipedtiosd Kenidptobih Palde.OThd AT 10 Hifita 8fd -3095inRRS| 1 Ve

(1+ or greatey) and/or protein or nitrate was trace or greater, a urine

speci e 8¢ Weasupmentswassed anthe predosshsmoglobin. fRor thase cormastadi ¢
rasur onentSmepiobinTata with fégt b VAL 268 Yaluy ol el i 1R IR0 BET . oy e
were recor MICEEMOD screening visit, prior to study drug admi ni stration on
Da 1, 8, 15, Da 9 .(t I nat i . I gat.j t d
body viei ght 30 ek ffer B lertfh ¥ eotiusibh e ciieah o reE lopd Bl ébbef o b
ot ot o4 G 00 BT 7 B o e OO

ani nat.i on . . . ) si ca
exani ngbi oﬁ@‘s @Fﬁ&“ﬂ% Zpﬁg‘“&f" frapozidplauls; *%ﬁ&wwnme%msﬁc Dat a
Qual ity Asvalug@tretiell Forprédite RBONalded, The Hiddn 61th€ Cl0GHinute 1ad L3V Efli@at O

study site rsonnel, and facili t'é were eval uated by clinica PRI

per sonnel . PAFA@SSIReASRERIents RS Jsed asfae predose RBG.Farthase comentedRBGalata 1 evi eved
and apprOVQﬁlthliﬁéC%éd% valiée Qe diie wasilised ficth &B&kaﬁ@@egore Initiation

of the study. se report forns were reviewe or accur nd
conpl et eness byIWO&quMOMghgwxm&ommtmmm);mmmmm,t oring

visitsys D ' ' .data were resolved with the investigator or
CHfARORC e

desi gnees re entered into the RWPRI data base and appropriate
conputer edit 1o prograns were run to verify the accuracy of the data

base. Safety
The safety evaluations were based upon the type and incidence of adverse
events reported by the subjects and chanées in physical examinations, clinical
20 laboratory data, and vital signs. Treatment-emergent adverse events were classified
by body system, preferred term, and includéd term. Adverse events were coded in
accordance with the World Health Organization Adverse Reaction Terminology
(WHOART) dictionary where the included term is the description most closely
related to the investigator’s terminology, the preferred term is a group of closely
25  related included terms, and the body system is a broad category including related
preferred terms. Treatment-emergent adverse events were summarized by body
system and preferred term and presented as individual subject data listings.
Clinical laboratory data and vital signs were summarized and presented as
-individual subject data listings.

30
Data Storage
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Statistical Methods The sanple size of this study was not based on
statistical considerations. Therefore, the analysis is descriptive; no
statisti caVQAYUere performed on 15 phar nacokihdMES WAPCTANV/E262%umar y
statistics, including nmean, standard devi ation, nedian, and range were |
provi ded by treatnent group for hematol ogy, serum chem stry, and vital

[ S, ' bj ti l.e., t | te th .
Shar macoki net | ¢ TP EFMPeSl AR Sofl P e 5 his i rsered octhe Brewmentso 1 U ko
t.i.w or 4Viafpembn, mmhnaﬁBﬂM&Q§ﬁ?dﬁPd®mEﬁt &Mmﬁ%ﬁ{%&% glosi ng

regimens deliver simlar clinical outcones, using In as a measure
of cli ni calfownd nths projretrotebpak maintainedsfor Dinig Metsbolisp Study DMYR00Pson of

phar macoki neti ¢ paraneters obtai ned after study drug adm nistration.

Phar macoki netics 25 The foll owi ng pharmacoki netic paraneters were

cal cul afed S$ypdyDaeatiomdependent met hods using the WnNonlin software,

Version 1.1 (Scientifi Lt I ] . Peak '
Somcentr at on t Gobidg dnd slaitple fleceio SRR Bbu ert Beseliriurng 3¢ o Ul
ggurtg \t/\lﬁeltllllc)ﬁc(;‘f)ogfoimﬂl Fg:jrpﬁ'yizodOiMughlze Mirth 2(100kg/anidhtiou.of§i%$i tn_g regitrrm_ ]

an e . W. oSl n r | n. e . e Lne a | C
Cnnwx occu r:g}%h.zf;powhj& gm ilo4 °Fgﬁffﬁt%@§;% ?il' Tayary, %&5@@5&5{%@% 2000,

LT eal Ment _ Sen simslae were Gnalpfed doFiag e RFod o2 Miieh 2000 BfoughIeARAY e doses
during thegbgﬁrth dosi ng week. 66 0/67776 1 1 DEC 2 PCT/USCO 12629 Mean

predosd®tr concentration (Crain). Crain for the 150 U kg t.i.w

regi men was estimated by averaging the predose trough concentrations on
Days 22, Zbpsuf$'d 26, and the concentration at 72 hours after the |ast dose
on Day 26. Crain for the 40,000 N g.w. reginmen was estimated by averagi ng
t he predos®ecmagraphioandiBaseline Chalategstks 15, 22, and the concentration at 168

hours after the . . .
concentration-tine Eﬁl?\i}gﬁtfhgg%ﬁfs?l(rlrég%bé?cgq%g#ﬂwgé?&ogﬁ%%ﬁsasr%% ng tinme
AUC( 0. 1§ dand wgretranddnzly tassigned teonesafitwd treatmentcgroupsa Ovarallthe @fajority @f w. and
150 1 U kg s aobAl.cUl ated usibng the |inear.trapgzoidal,,rul e, Cl earance
after "SC_adibisgte (05 igte P a3 el es WATTRs wrll g e oy

The mean body weight of subjects in the 40,000 IU q.w. group was slightly higher

(70.3 kg) compared to the 150 IU/kg t.i.w. group (66.8 kg), with the rest of the

baseline and demographic characteristics being very similar between the two groups.

20 Demographic and baseline characteristics of the 34 subjects who completed
the study are presented in Figure 47. There were no notable differences from the
overall study population.

Study Completion/Withdrawal Information
25 Subjects were considered to have completed the study if they participated for
the full duration (29 days) of the study. In addition, the subject must have taken all
required doses of the study drug, they must have been compliant with the blood
sampling procedures, and they must have undergone Day 29 evaluations and
procedures. The efficacy population included subjects receiving all required doses
30  who completed the study. The efficacy population was used for pharmacokinetic and
pharmacodynamic data analyses.
94% of the subjects in both groups completed the study. One subject (1014)
in the epoetin alfa 150 [U/kg group withdrew on Day 15 of the study due to an
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10 by AUC(0.168). Term nal elimnation half-life (t1/2): conputed from
0.693/elimnation rate constant. The elimnation rate constant was

estimated lwobeemas regression of consecutive g¢at Mpwt PCTRUSHEIP263eeT M Nal
| i near region of the |log-linear concentration. time ot. A m ni num of

three data points were used in the regression. The t1,2 i s val ues were not
reported for those regressions with a correlation coefficient (r) |ess
t han 0. 975 adverse gvent Qﬁ)'sist&hbemhdws), amdamﬂmﬂjeciémoﬂ) irothe epamintaﬁhffi ci ent of

variation g rraco etlc ter cul.ated for each
treat ment . ddbgya‘ﬂgr'ﬁ SRP ﬁvé gw °é1rlg fd@ébj?ﬁif SI @Efsﬁt"’%P VAR 0L um

eryt hr opoi emtludedZﬁtlwefﬁm'yrpapulm corrected for predose endogenous
erythropoietin |levels. Postdose serum concentration values were corrected

for predose baseline erythropoietin concentrations by subtracting from
each of st heynayiét ReffitsTean baseline erythropoietin concentration

determ ned fromthe sanples collected at 30, 20, and 10 m nutes before
dosi ng. Pr ma@bmm&gﬂthropm et| n concentrations were not 25 included in

t he calculatlon tifi lon limt
of the assay. %‘ﬁ gjﬁt? P on é‘\"ﬁ%ég%‘? %Forscﬁﬁtéagxoggn% %rﬂﬁ} 8ct's
predose s ammcgsrecm lﬁ!l' ﬂneiosumdbgenquam'ythiopbmchevzl)lforrﬂ:e 150 IUkegt.bwsand t hen

t he quantlf c mt_ of th S_assi ed as the nmean
basel i ne er ye[ eﬂl n SPLRL R “1323\? F%nydff%? q?%mghb}fﬁ bl ood dr awn
times (1on hgdhropelleﬁ cotfceﬁmiohemtd profiled cdrfectell ifdrpireddte dmsgéndaer e used in the
cal cul ation Bﬂ'ﬁ COkI n ggr aneters. Bioavailability of the 40, 000 U
q.w. dosi n(jry?‘érﬁ F%ﬁr? tained after the 150 IUkg t.i.w
dose regi nen waghe fean (SHPste ddi pér%tgmp 0/ 67776 19
DEC 2003 PCT/ USOQ 12628 % §dﬁd&é‘eﬂoﬁ 00 Bﬁtlﬁﬂl'ﬂ‘wxﬁentﬁﬁom 0.ig) of

150 | U kg AebiecsointheA50BHe tiwi m40.0905Ht¢rw xesmsn/munwmtﬂo@wm ght of
subj ects i § GRG0 FkpbdtiviiyV Duiting Week Wof the150! 1RHGFL.i W QoSihy thhimen,
15  erythropoietin concentrations in serum (corrected for baseline erythropoietin) ranged
from peak concentrations of 75 to 284 mIU/mL [mean (SD) Cpyx = 143 (54) mIU/mL)
to trough level values ranging from values below the quantification limit of the
analytical method (7.8 mIU/mL) to 40 IU/mL [mean (SD) trough concen-
tration (Cmin) = 18 (9) mIU/mL]. During Week 4 of the 40,000 1U q.w. dosing
20  regimen, serum erythropoietin concentrations (corrected for baseline erythropoietin)
reached peak concentrations [mean (SD) Crux = 861 (445) mIU/mL] at times ranging
from 1 to 24 hours [median ty,., = 15 (range, 1-24) hours], then declined muiti-
exponentially to trough level values ranging from values below the quantification
limit of the analytié.al method (7.8 mIU/mL) to 5.9 mIU/mL [mean (SD)'trough
25  concentration on Day 29 = 2.0 (1.5) mIU/mL) at the end of the dosing week on
Day 29. Mean (SD) Cuin of the 40,000 U q.w. during the four week study period was
3.8 (4.3) mIU/mL. The terminal phase of the two dosing regimens seemed to be in
paralle] with mean (SD) half-life values of 19.4 (8.1) hours (n=9) and
-15.0 (6.1) hours (n = 9) for the 150 IU/kg t.i.w. and the 40,000 TU q.w. dosing
30 regimens, respectively. _
Mean (SD) {%CV] pharmacokinetic parameter values are presented in Figure
50. Bioavailability of epoetin alfa after the 40,000 [U q.w. dosing regimen relative to
after the 150 IU/kg t.i.w. dosing regimen was 239%.
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Phar macodynani cs Summary statistics including nean, standard deviati on,
medi an, rarwe,00/6m% st andard error were provi ded e 0 and day
for percent reticulocytes and 5 henogl obin concﬁ%tﬁ%&hﬂg%@?@zﬁo I ons
wer e based on subjects who conpleted the study. Baseline, Days 1, 3, 5, 8,
10, 12, 15, 17, 19, 22, 24, 26, and 29 were summarized; "w ndow ng" was
performed to include | aboratory test results in the sunmaries if a subject

did not have data collected at the day(s) specified. Changes from baseline
were sunmarFBUMasedynamic Results;r oup and day. Linear plots of nean 10 change

from baseline v . rated f.or reticul ocytes,
henogl obi n, and%ﬁ?#?&%%?P%%%e%é@?@%%ﬁ%&%ﬁmogg’%%m' ngl tines
(in day relnpengrations; and red blooddell valnes e yuriinarized-Byatieatindnd gidd@ aad Pr Ot ocol
were used i 0 ' f ar macodynami ¢ parangters. The follow n
phar rracgdynslgurﬁ&gﬁ g’?ﬁ@é@?%’%?@@%l’ﬁ@f’%’“@ .We gq%ﬁ‘é?ﬁ@hf“rret hods ’
usi ng t he phamMoodymandofesuitsie preseited only forsubjests Whbichi gle@mﬁyhﬁ&ﬁg,

| ncor poration, Area under the _serum concehtration-tlne curve of

ex, . NO).: .
percent reticul g‘°%mea9@hmmfr%mem wrsusistidy day foxpeent
post-initi géticalbe ' i ddnt ; I lng th i near
t rapezoi dal_,r ul e%%?)%(ﬁilgg%})) ms%@#ﬁ?@%mgyl% c%gr%g‘élgfm et’?‘?ff* ’6‘cyt e
val ues cor Faguresd é‘isﬂpdéﬂdﬂpepﬁvdbnt reticul ocyte value. The nmean of the
-10 m yte and -30 m nute predose nmeasurenents was used as the predose
percent reticul ocyte value. For those corrected percent reticul ocyte data
wi t h negat iPercentRetioulocyt®s a zero val ue was used in the estimation of

AUC( RETI). 68 C 2003 PCT/ US 2629 Area under the serum
concentrati on- Y@n'%q{é%&égé‘i“ﬁéﬁ%WdﬁPﬂWﬂ?ﬁﬁuﬁ%éimwwﬁmzh hours (Day

29) post-i anilﬁuhbgradﬁalljafeblﬁgsd[tmdﬁgmﬁyp)zb(p\igﬁmggigﬁﬁgg)ed using the linear

trapezoidal rule. AUC(HEMD) was esti mated using henogl obin val ues

corrected 'for predose henogl obin value. The nean of the -10 m nute and -30
m nut e1s pHemoglbieasur enents was used as the predose henogl obin. For those

corrected henpglobin data with negative values, a zero value was used in
the estimation &eﬂnhmgl@m)yt baseline was equivalent in the two dosage groups,

13.4 g/dL in the 150 JU/kg t.i.w. group and 13.5 g/dL in the 40,000 IU q.w. group. In

both treatment groups, mean change from baseline for hemoglobin values increased

through Day 26 (Figures 53 and 54). Mean change from baseline in hemoglobin for
20 the 40,000 IU q.w. group mirrored the change in the epoetin alfa 150 TU/kg t.iw,

group. Overall, both groups exhibited a 3.1 g/dL increase from baseline through
Day 29,

Red Blood Cells

25 The mean change from baseline in red blood cell values is illustrated in
Figures 55 and 56. In both treatment groups, mean change from baseline for red
blood cell values increased through Day 24. Mean change from baseline in red blood
cell values for the 40,000 IU q.w. group mirrored the change in the epoetin alfa
150 IU/kg t.i.w. group. Overall, both groups exhibited a 1.0x10'¥/L, increase from

30  baseline through Day 29,

Pharmgcokinetlcll’harmacodynamlc Resuits
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Area under the serum concentration-time curve of total red blood cell count

(RBC) fro ' roto 672 hours (Day 29) post-initiatio |
( AUC( RBC) )mv‘i%wmgzﬁcal cul ated using the |inear t%¥3fELo20aR r}lﬁﬁjﬂés%g/ilﬁfRBC)

was estimated using RBC values corrected for predose RBC val ue. The nean
of the -10 mnute and -30 m nute predose neasurenents was used as the

predose RBC. FoMéadAPharntded ﬁﬁhﬁéjpfﬁﬁ‘e | LS a zero
val ue was used in.tggl estidrlration of A%@%%%f@rfﬁfga%{%%g'%%g&&fﬂeo 150

i e el g
i nci dence g#ﬁ%@g é%%e@gtrﬁ&s%%@}ad @%@@ﬁ@gﬁugﬁgj aRafauas;
hysi cal exeginemwiaslnsger thanrthat #or tRO 1501 Mkg t.hw infedl. Ti ' .
Treat ment - omar aent  AGHer Se.eyent s  ver ci’tssiygm:eg?‘ e wekd 1
pr ef err &d tsﬁﬁ&ag}ﬁﬁlgpﬁ@wmw\%ﬁé&@° p /%g@l‘l‘d!{?édxﬁ-’ﬁ° accor dance
with the V\hemdglobinl inil the AUT Efred BldodeyIf letwERARS twid &ﬁ{grf&%mkﬁgm}wm)

cl ose

di ctionary where the included termis the description nmos y related
to the invé’é‘!’?%ﬁ%’“&al{yeﬁ'mﬁ?ﬂ"&@ﬁ“@ﬁ@ (preL8) indae ABGafipsrogntgr oup of cl osel y-

25 rel at ed ritiglosgedbingbFmald ad it aBlech! HEMRYeS rﬂgee,ggégogh&ﬂ&@g%y

including related preferred terns. at nent - eng verse events were

sunmmar i zed a4 theAJC of redibload-nells wmﬁ&tiﬂﬁﬁﬂb'dp?ﬁ-%ﬁjaqdr%@ntlembcﬁsely)ﬁdi vi dual -
o e SO PRl . t el
e 'S R P ol i M, T BERCH BB WGP n ol g 0y o

Storage 69 WD 00/67776 "1-1 DEC 2003 PCT/ US00/ 12629 The protocol, report,

and raw daﬁw é‘?r@i s study are stored in the Docunent Managenent,
I nformati o n@? nt departnment of RWPRI. The data can be found in the

proj ect noEztentdf Bxposurei ned for Drug Metabolism Study DMDO009. 5 Study

Dur ati on Dosi ng..and ser appl e collectjon for both groups were conducted
during the per TtSWn@ggﬁP%FLP&EW“E@GE‘“!MWQQ‘“%F@%VMMO%I i dati on

of theis ofstudy drug (either epoetin alfa 150 IU/kg t.i.w. [12 doses] or epoetin alfa 40,000 IU
q.w. [four doses]). One subject (1014) randomized to the epoetin alfa 150 TU/kg t.i.w.
group withdrew from the study due to an adverse event (persistent headaches) after
receiving six doses of study drug. In the 40,000 IU q.w. group, one subject (1006)
chose to withdraw after receiving two doses of study drug.
20 With one exception, all-subjects received daily oral iron supplementation as
per protocol; subject 2008 (40,000 IU q.w.)-discontinued oral iron supplementation on
Day 19 of the study. With one exception, all women continued with the method of
birth control practiced prestudy (as per protocol); subject 1010 (epoetin alfa
40,000 IU q.w.) discontinued oral birth control eleven days before study initiation.
25 '
Adverse Events
All treatment-emergent adverse events are summarized in Figure 58, Overall,
13 (72%) of 18 subjects administered epoetin alfa 150 IU/kg t.i.w. had an adverse
.event compared with 12 (67%) of 18 subjects administered epoetin alfa 40,000 IU
30  q.w. The majority of treatment-emergent adverse events were mild in severity with
minor qualitative differences between the two groups.
The most frequently reported adverse events were pain (22% 150 IU/kg,
28% 40,000 IU q.w.), headache (28% both groups), and erythematous rash. Five
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erythropoi etin serum assay occurred between 21 January 2000 and 3 February
2000. Serum sanples were anal yzed during the period from24 March 2000

t hrough 4 ™®04/677v@ 2000. Results Denographic W&Eﬁsﬂal NECT0Sdoagé®r i stics
Thirty-six healthy adults (18 subjects per groug) e enrolled in this
study 15 and were randomy assigned to one of two treatnment groups.
Overall, the majority of subjects (89% were white, and the nean age was

.26. 5 years (B%)gE18 subjects reasiving epaetin alfaL§00U kg tim. gxhibited anubj ects in t he
40,000 U gl i r . [ he 150 WAS
t.i.w gr ougj\, {g&ﬁ@ﬂi@n}éﬁ‘ﬁt\,\nﬁ%h [ Laysrltgs"? E%ffo{e&%tg cggggﬁi %’gﬁgﬁa?ﬁgﬂﬁ raphi c

char act er i diSisnbjebtsirecpivieg ppoetinalfad0,060 T qiw.t Al events were agsessed By Beenogr aphi
and basel ine_ characteristi.cs, of the ubjects who conpleted the study
are pr esent'%%f’sgﬁatﬁ é&’é‘“ﬂ’)‘?"’w&?@"%a@ '1598"19& abl e differences fromthe
overal | sstudy popul ation. Study Conpletion/Wthdrawal Information 25

Subj ect's e consi dered to have conpleted the study if they participated
for the }AfﬁrqmﬂB%?FéﬁA(dZQ"G%@}‘“of the study. In addition, the subject

nust have {ysdafia eh{eBFéﬁ&éiAcﬁz@rsQWﬁts,%dtdtﬂeﬁiﬁﬁﬁcﬁf H@verbd'BVentiist have been

conpliant with t he ood sanpling procedures, and they nust have under gone

Day 29 eval uat i disrewiere ngideashsion sesiousdyerse eyentedurisg thr conrseref thestudyed
) cacy posibiie Aol Blikea 56m dB MU ibordiiedtdihiay 0 o
anal ysde. daedmin sdverse et (persistentiwadaches) op Daydisplf dicestidyh &he headiachesne
the study J2 peeded BEuRRRTsmeras ety e tols Bl BelSaB 20 orve cvent
(per si st entadinbdisteations) , and one subject (1006) in the epoetin alfa 40,000
nci Uded 1"t he SSPIeFLIARY (TSHTIKe oW % aear gl i mals Bd & herbogipBigok net i
Resul ts level of 18.0 g/dL on Day 26. Repeat hemoglobin evaluation later that day revealed a '
15 level of 17.6 g/dL. On Day 29, the subject’s hemoglobin level was 18.2 g/dL; repeat
evaluation on Day 31 revealed a hemoglobin level of 18.4 g/dL. The subject was then
phlebotomized as specified in the protocol; 450 mL of blood were removed. The
subject completed the study on Day 29 and hemoglobin levels were subsequently
monitored for safety; evaluations on Days 32 and 39 revealed hemoglobin levels of
20 17.7 g/dL and 16.9 g/dL, respectively.
Concomitant medications used during the study for the treatment of adverse
events included: paracetamol for headache (subjects 1014, 2004 [150 IU/kg] and
1011, 2008 [40,000 IUY), tooth pain (subject 2004 {150 1U/kg]), neck pain
(subject 2010 [150 U/kg)), period pain (subject 1013 [150 IU/kg)), gastric flu
25  (subject 1011 [40,000 IU)), cold (subject 1013 [150 IU/kg)), and pain at cannulae
sites (subject 1008 [150 IU/kg]); and normal saline and chloremphenicol
(subject 2004 [150 TU/kg]) for ocular inflammation.

- Clinical Laboratory Evaluation
30 Laboratory values over time
The mean changes from baseline in iron, ferritin, and transferrin saturation are
summarized in Figure 59, There were no consistent patterns in iron values or
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Figure 48 illustrates the nean serum epoetin alfa concentration-tine
profiles (uncorrected for predose endogenous erythropoietin |evel) for the

150 1 U kg wWO0077Nnd the 40,000 N g.w. groups r!im %@kp(ﬁ*,@thb@gstudy
period. The nean serum 10 erythropoietin concenttatron-time profiles

corrected for predose endogenous erythropoietin |evel are shown in Figure
49. The nean (SD) pre-dose endogenous erythropoietin alfa concentrations
for subj etmansfeminshtration thatiwoyld indicate that ditkd tBAthent resulted in elinieally gr oups

were 8 (0.4, 2) oUW nm, respectively. During Wek 4 of the 150

U kg t.i é@g%tﬁgn§@@%ﬁ 15 erythropoietin concentrations in serum
(corrected for [Thephtienss reflvdtéd inrfeiritinichingeaNaifich wereQithibe detweah gations of
75 to 284 nL (nean (Cgi%)' C,,,,. =143 (54) nN/'nlL] to t_roug | evel val ues
ranging fr %?"é?@%‘e‘blé# iroRstasesfor thei uctien of hemoglabin (Féguref0). yEhec al

met hod "¢ 7. BuBtublidisenin®irbR 1evels i b Slabe s eefbtagtanamgliyal ! on (G, ) 18

(9) nmlWnL]. During Week 4 of the 40,000 I 0SI ng regi nen, serum
eryt hr opoi Bieamngfshcentrations (corrected for baseline erythropoietin)

hed Kk ' : = .44 U L t oti
anging | Trom 15 SUER) AEL ket gt rpm aselmedf ki panl L B 1S
decl i ned ndeareasedthponghDay-8 ind remained layh thraugh(Day29, islicating)continfiedm val ues
bel th ' dmt ofth | yti Lethaod (7.8 Umnm) t
5o0 v i, EiYREbpili Rl s Birod) Tt v AR A b beedep g " 1)
at t he iendgmiups inamebmohagge/fsrit baselibeferrin vatban (SD) Cna" of the 40,000 N

g.w. during the four week study period was 3.8 (4.3) mU nL. The term nal
phase of the two dosing reginmens seened to be in parallel with nean (SD)

hal f-1ife pidividaalSubjletCHahgdd hours (n - 9) and 15.0 (6.1) hours (n = 9)
for the 150 U kg t.i.w ,an,g,the 40,000 11U qw. dosing_ 30 reginens,

respectivel y. NEESRe wersnq ingiyjdushsubjest-changesirecordngas #n edverseavartsiuing
present ed {hg cbinrgdlbfthe 3fhdy Bi 0avai l ability of epoetin alfa after the 40,000
U g.w. dosing reginen relative to after the 150 11U kg t.i.w dosing
regi meh was 239% 71 WO 00/ 67776 | | DEC 20ai PCT/ US00/ 12629

rpg;air gﬁfggg?ggg;rcﬁ?g%ig%g{vﬁ%ngean changes from baseline in percent
Vital Signs _

A summary of the mean changes from baseline in vital sign measurements by

study day for individual subject data are presented in Figure 61. There were no
20  clinically significant changes in mean vital sign measurements for either treatment
group and no significant differences between groups.

Two subjects administered epoetin alfa 150 TU/kg t.i.w. exhibited systolic
blood pressure values at or above the upper limit of 140 mmEg; none of these events
were considered by the investigator to be clinically significant, and none were

25 recorded as adverse events,

Physical Findings
There were no clinically significant changes from baseline in physical
-examinations. : |
30
Safety Conclusions
Epoetin alfa administered t.i.w. at 150 IU/kg or q.w. at 40,000 IU was safe and
well tolerated by healthy subjects in this study. There were no clinically important
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concentrations, and red blood cell values are sunmarized by treatnment group
and 5 study day in Figures 51, 53, and 55, respectively. Mean change from
basel i ne f (H(fépﬁacodynam c results is present®d BFfi gmior?cgwgoy@ms who
conpleted the study. Linear plots of nmean change from baseline versus
study day for percent reticulocytes, henoglobin concentrations, and red

bl ood cell ,values are presented in [Figures 52, 54, and 56, respectively.
10 Per cent R&QQ‘J?‘BEW@ Yersayents in eithsT treatment gnaum gEhe maigERcaint

reticul ocytreaxﬂeﬁ@exﬁg%eﬂ ahwrwahntls BRYe ﬂaﬂd%&r@w&xﬁ&aﬁgim through Day

29 (Figures 51 and I S Henogl obi n Mean gl obi n at” baseli ne was

equi val ent differances betweendhe tyeo groupso No subjest died iduring thestudg,oand therg were . w.

and . ' F 04l t nt groups,
Teon” changho st ddvertk evafts SbofiGE, O fibfbcr BirRtertd cnolfih sl {SFHRR' (3' 5P
(Fi gur e$ 56i.wnetasphleboidmiz ed‘,thBD%wﬁﬁfm'e badyp) du;eo highlhembgloﬁﬁi lexidé%rl L2J;)k.t he
40,000 N . Qroup ni.rror t nge in, ihe epoetin alfa g
t.oi.w gﬁﬁ%ﬁwghmmmefﬂw@eﬁ@@&?ﬁ if; this gubje .."iveéﬂﬁl'_m fothease from
basel i ne t élevatidh in Rexo@8bin RveélsBIONe dujedt!réceifing BisbeliR alfa Pf@glglggft.iﬁrm basel i ne
an .

in red blood cell values is illustrated in I gures 55 I'n both’
treat ment WHBnew from fye ta anoadverse avent (persistentdgadaghes) (There weva| ues

I ncreased 3%1’ %ﬁ& e ' ' cell

val ues forltl.(%]ﬂgﬂ%l, 0 %ﬂt W, Sﬁ‘gﬁégq'?p°‘§'?§@é§’%?ﬁéﬂygﬁ‘ék§85§g‘%gﬁgpoet in alfa
. 150 | 1§ kgsign megsurements; or physical éxaminationg)fop ejtberqroriph thereiwere lsémb012/ L

I ncrease f gﬁ% l.ne t Phar macoki aet | e/ Phar macodynam ¢
Resul ts 72%88? g“l@%%g%g@vf I;’r;il/lean phannacodynam c
par anmet er values (corrected for baseline value) are presented in Figure
57. The dygam c res ses . of the two dosing reginens were simlar despite
the fact t%@?n‘:’é’yﬂﬂagﬂww&oi etin AUC for the 40,000 IU g.w. dosing
Following administration of epoetin alfa 40,000 TU q.w., Cyux values were six
15 times and AUC . ¢s) values were three times that of the 150 TU/kg t.i.w. dosing
regimen. Clearance after the 150 IU/kg t.i.w. dosing regimen was higher than that
after the 40,000 IU q.w. dosing regimen. The time profiles of changes in percent

reticulocytes, hemoglobin, and total red blood cells over the one month study period
were similar between the two dosing regimens despite the differences in exposure of
20  epoetin alfa in serum [in terms of AUCg.165)]. In addition, there were no statistically
significant differences (p>0.05) in AUC of percent reticulocytes, AUC of
hemoglobin, and total red blood cell over the one month study period between the two
dosing regimens. Although the differences in AUC of hemoglobin and AUC of total
red blood cells between male and female subjects were statistically significant, these
25  differences were not considered clinically meaningful. The data of this study clearly
indicate that the hemoglobin responses after the 150 IU/kg t.i.w. and the 40,000 TU
q.w. dosing regimens were gimilar.
There was an expected difference in total exposure of epoetin alfa in serum
‘after the 150 IU/kg t.i.w. and the 40,000 IU q.w. dosing regimens. Hemoglobin
30 responses were similar, suggesting that the two dosing regimens can be used

interchangeably.
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regimen was |larger than that for the 150 U kg t.i.w dosing reginen. There
were no 5 sygbbgtmeal |y significant differencesq(p i Uc of %
ret.i cul ocytes @i&&of henogl obi n, and the AUC* f1 ﬁggjg@oﬁ@&%?@%%t ween

the two dosing regimens. There were no statistically significant
di fferences (p>0.05) in the AUC of percent reticulocytes between male and

femal e subj \@Wm W AUC of red bl ood
cells were g&‘tﬁrléﬁ)ca y%ggw and 0. : r'gl‘smggﬁﬁﬁeﬁy) 10 larger in
f emal es thaADWNismeNaﬁFEPRE&’ekNB?Rm;EAsng clinically significant.
Safety Results . ure Thirty-f.our 4% of the subjects
participating i n&#‘g%ﬂ%&?ﬁ@gé‘f1{}’8{?’3}‘?“%&58’5“‘&@'@W’Eﬁlﬁjg (either
epoetin al fstinhl&irly effécts of rvEo. TRis ddebwasQiseEid@gfimite MeldndlR 080 'U q. w.

[four daoses]). One subject 14) random zed to the epoetin alfa 150
| U kgt . . w.<l f‘J ﬁ@ﬁ@%ﬂﬁf@ﬂ@ws&%ﬂmwﬁmm Acringle dosey ofit

(perSiStentmmﬁﬂa@ﬁl&ﬁfneﬁé?&%&eﬁ&ﬁ%ﬂinﬂ@&@s@!‘ﬂmﬁé drug. In the

40,000 N g.w. group, one subject (1006) choSe to wthdraw after receiving
two doses cdmipigwghon; ug. 20 Wth one exception, all -subjects recei ved
daily oral iron supplenentation as per protocol; subject 2008 (40,000 |U
g.w. )di scont,i nued oral. iron supplenentation on Day 19 of the study. Wth
one except iriéﬂﬂr“!ﬁcf'km%’n continued with the method of birth control

practiggd prest Lﬁ*pﬁﬁﬁ?@gﬁn&ﬂgwggﬁ mmmb%g&méﬁg&gt@{hu kdi@ 40,000 N

g.w. ) discontinued oral birth contro y Initiation.
25 Adver se Wassimulatad pnsing parameters abtainegfrom thesimultaneons fittingrofdheeiphtar i zed i n

Fi gure 58, 20 f ' LNi St ar epoetin alfa 150
vt i SEEE e, oy the il ane bR g ot 0y B0 TR SRR i ot o
adnmi ni st er aegimen of 150 BV/kg!t.i®, B8 F, T, 30d h[gim(ajlu_aimﬁka_l astiyidiodted in
t r eat ment - g verse.events were ni i 0 sever nor
qual i tati v%&??gﬁ’%ﬁgé’gpﬁz&%& ng &Bm %ffﬁ@e.r 8%@%#’5@3%9 y
report afl aghamsaeokinetivs Sorvirigle duse PROLIASET(2400 Kikg) webdesfitha®dQndl 0. W. ) ,
headache (28% both grou s%, and, er§t ggmat QuS rashg.), Five 73 WD 00167776 11
DEC 2003 PEYFEREEMS &E‘z@g‘(’ serh o gimuigte themultiple doseragimengf B0t in al fa 150
I Ukg t. 1. WU/kp)onth! THe Stie sets of kinetic parameters were used to characterize profiles

for both males and females, since preliminary runs did not show significant -

differences in the estimated parameters based on gender.
20

Pharmacodynamics .

The kinetics was fixed and used as a forcing function for driving the dynamic
responses. Predose values were fixed as baseline levels for reticulocytes and the mean
of the 48 and 96-hour values were fixed as baseline for RBC. Lifespan parameters

25 obtained from single dose estimation for EPREX® were fixed for further multiple
dose fittings. The Smax and SCs, were estimated for the reticulocyte response after
the multiple dose 600 TU/kg/wk surgery regimen. As reported in Figure 64, these
parameters do not seem to change very appreciably considering the variability in the

_responses. The difference may simply reflect the fact that this was a different Phase I

30  study from the single dose study, conducted on a new set of volunteers. Moreover,
these set of parameters seem to well characterize the 150 TU/kg/t.i.w. cancer regimen
too based on the simulations shown in Figures 65 and 66. The reticulocyte data for
males and females were analyzed separately since the estimated Smax and SC50 from
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erythematous rash at the cannula site in the forearm conpared with two

(119 of cts recei ving epoetin alfa 40, oo&g@u w. All events were
assessed b%@e Pnvestigator to be unrelated tof @ t?ﬂﬁ’l HGTU00A63Dy. 5

Summary of All Adverse Events Deaths, Qther Serious Adverse Events, and
QG her Significant Adverse Events There were no deaths or seri ous adverse

d d nlstered
Z\éggzlsn ;Irfa 150 I%ﬂfrﬁ@’&gdfdrhgltgécs%ﬁ%a% @ép*;‘??%m%%’%gﬁﬂ adverse
event ( ge[)mmfmm Fiwatﬁ&; sy par;mﬁl;?m mfferdmmmdgrtgrlngfizdptagmegggfl nw:llr fea
assesse i
adni ni st ra?ﬂl})ﬂgs h@‘ﬁ?&é&%?@ ¥ %ﬁ%ﬂt’w&e ereneeis ApRrecigble. white nal e,
had a hemdhmlpmmﬂmhaayieme&ﬁnﬁ/sn aﬁ?&cﬁc@mg an 29, the

eval uatlon er, th y reveal ed a 15 Ievel of 17 / dL

subj ectds ﬁ fings 'ﬁ‘égﬂ‘%&g btained frgmcp singl EQMYWMbOGKmeM 31
reveal ed apiB@LORirabiRY el of 18.4 g/dL. The subject was then

phl ebot om zed as speC||Tl| ed in the protocol; 450 nL of blood were renoved.
The subject coRin estimstedFEPREX tiparametma wepouseddo simuriaty theriespohsasefos wer e

s 32 apnd 39 reveal ed
herml obi P P ad Ble AR ShUTERSBDVEEARS Suldiods pgnflHe Concom ¢ ant
el ude é”‘“‘*”"‘é’f ?’ﬁ‘“?‘g?“ﬁgiﬁ“éﬁg“’;“°“f£2“%ﬁ“ BT ety Kol and
inclu . par
1011 208 3@%‘6 ametgrs Fq’l Sheptiveganders-rom , neck pain
(gubi ect 2&?&&1&@ Fﬂzﬁam&mm &mﬁﬁ#&eiﬁﬁﬂhﬁﬁ‘bﬁ& égﬁﬁl\l}{( 928”' c
flu 25 (subject 1011 [40,000 I cold (subject 1013 [‘ Fﬁg and pain
at cannul a @M@M%‘°Mé@%m@ﬁ°ﬂ%{%ﬂm¢m seemsdmbé ne and
chl or anpheiafddlerfedd bt i al? 80 daded B bpi{ HEX® Qg PRBLFASeM | anmat | on.

Cinical Laborator uati on oratory ues over tine The nean
changes from baBes ﬁ@‘hewlmulamnsfaeshdwnmflmﬁ66m(bﬁ7entrqanbea$anrthatltml are

sumar jgzed a}-d% ﬁ%‘&yﬁmﬁﬁ patadidhérs Y Well'Sestiiib oS cnds B HoltthE formlatiogy Val ues

or 74 WO 00
Hence, it can be concluded that EPREX® and PROLEASE® seem to be

pharmacodynamically equivalent. The models of the present invention predict that

the differences in the responses between the two formulations may be accounted for
completely by the altered kinetics. Indeed, the models of the present invention may

20 be used to compare the PK/PD characteristics of new forms and versions of EPO and
EPO-like compounds with those currently available to provide the patient with the
most beneficial treatment regimen.

Example 4. COMPARISON OF DIFFERENT DOSING REGIMENS OF
25 rHuEPO.
The standard dosage regimens for chronic administration of rHuEPO are 150
IU/kg/t.i.w. and 600 TU/kg/week. There may be savings in cost and added
convenience if patient therapy involved less frequent dosing. Therefore, the
differences in hemoglobin responses for various dosage regimens of rHuEPO were
30  examined using the models of the present invention to characterize and predict
responses to rtHuEPO which offer the most efficient treatment regimens.
The production/loss pharmacodynamic model along with the dual absorption
pharmacokinetic model of the present invention was used. Parameters obtained from
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.1 DEC 203 PCT/ US00/ 12629 transferrin saturation that would indicate that
either treatnent resulted in clinically significant abnormalities. The
patterns rMOWSITE in ferritin changes, which wafld BEGi2W3pcratseses2gyr oups,
refl ect expected use of iron stores for the production of henogl obin
(Figure 60). The 5 fluctuating serumiron | evel s in both groups were not

consi dered _cl i ni ani ngf,ul ure 60 illustrates, nmean change
from basel ﬁ#@ﬁﬁ?ﬁhﬁ’tﬁ s.in eal @'é!d’P (iguse 3 andEigurs I wvereemai ned | ow

t hrough Daysetor i -a@ﬁhﬂ SYGhé @tfeicht §ota, ?fepkﬁé:ﬁp% If%blﬁlet}ﬁ‘@m edtfitidnPE | 0d.

There was no notable difference etvve roups 1 n nean change
~ from basel pﬁéoﬂé/hwaslﬁxedima&smnmm Mcmsbjﬂcm%ﬂqoniMnasvxere no

i ndi vi dual recorded as an adverse event during the course
of the stub‘wﬁﬁ?g &'ﬁmmg&iety Observations Vital Signs A sunmary of the
nmean changes frExgutuaﬁaedhowethemmulhteﬂ hmmgglobhaesyoﬁﬁﬂ&ﬁ:hhe profildy faiay for
i ndi vi dual subj (ﬁﬁ. ﬂﬁta are, present.ed in rﬁt}%i’re 6 There were no 20
clinically %veél' ezeg foses, mg fegimens of ensdreducs af or ei t her
treatment centiwil rivédn HO mnuitioﬁaﬂﬁuméaﬁ Is&?&i@?edéﬁéd"ﬁ&ﬁx%{%‘h?

Ite systollc

subj ects adm ni stered epoet| n alfa W. ex

bl ood pr es 1924 hp)a The dosg of, 690 &l%sevlt mmgwo%uwﬂw maxinmum ineraage infdne of
these evenjeyelsMThis dosd sid rrﬁ_mgg cal ly
significant, egmd né%e wer e 5 rec ﬁ&g th as a V'Zérngéentfea@gﬁ’fab%bgﬂiey cal Findings
There Wer ethresheldiafi23 ZV/L for mgsti feriodsef tihecrysingicontinuabinetoases in calb hysi cal
exam natio ( | f ni st w. at 150
| U kg or q%né@uﬁgégw m&ﬁ@aﬁ@%&e SO gﬂ&f”ﬂ ?%éaﬂ%%?f subj ect's
in this sti200[Ulkgegivenerry 2iweeksiproduats nespoipey whith are much lower because

the rtHuEPO concentrations fall below threshold before most of the reticulocytes are

converted to erythrocytes. Moreover, the succeeding doses of rHuEPO are also not

15  given soon enough to elevate the concentrations above the threshold as would occur

with every week dosing. )
A similar argument can be made in comparing the 450 TU/kg/wk regimen to
the 900 IU/kg every 2 weeks dosing. The 150 IU/kg t.i.w. dosing is equivalent to the
450 TU/kg/wk dosing regimen in terms of the total dose delivered but the dynamic
20  profiles after thrice a week dosing yield a slightly better Hb response. As expected,
the 900 TU/kg/10 days dosing schedule yields a steady-state response profile (56%
increase) better than the 1200 IU/kg/2 wk (48% increase) but lower than the 600
TU/kg/wk (71% increase) regimen.
When treatment is continued for a substantial length of time, the true steady-
25  state responses attained appear to differ with the various dosage and regimens. These
differences in steady state response, however, are not as apparent with the short term
treatment regimen, which causes only slight elevations in Hb levels (e.g., an increase
by 1 unit), except for the 600 IU/kg/week treatment, which causes a consistently
“higher Hb response in comparison to the other regimens. The simulations, using the
30  models of the present invention, show that as the time for readministration is
decreased,\greater and steadier increases in Hb can be achieved with the same total
dose. Frequent dosing helps to keep the rHUEPO concentrations above the threshold
facilitating formation of RBC from reticulocytes. The erythrocytes, having a 40 times
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75 WD 00/67776 J 1 DEC 2003 PCT/ USO0/ 12629 treat nent - energent adverse
events in g}t@(ft{mtreat ment group. The majority of treatnent-enmergent
adverse evift e nild in severi ty with minor JuaDEC 2003RCT/¥RPA2ENCes
bet ween the two groups. No subject died during the study, and there were no
serious adverse events reported. One subject administered epoetin alfa 150

| U kg 5 t,] .0 ed f. t stud due,to high

henogl obi nléngv Pﬁ‘@@b@&ﬁﬂ Fﬁn"Z‘}?BWY‘S?v %‘%V’qﬂ% TBEH“FI jongentime 1y ¢ hj s

subj ect r evesalting mste&dy td&wasesﬁhm&lbmm AlRo, HEiE D& ARt thel h¥RgeSin r SnsSUbJ ect
wit hdrew fromthe stu ue to an

recei ving epo etln aI | U k

adverse ev&Fh With m&%ﬁé al’ﬂﬁﬂp@“‘ﬂ/@ﬂéhc dﬂseshqssncswngluu gni fi cant
changes nofgsh m»%&yamsaweémgﬁﬂn%x vieBRly db@hg SchedilE fects {12600 Fykk 9"
measurenments, or physical exam nations for elther group: there wefe also no

apparenf d ﬂ?ﬂeéﬂ%éh;@ the 460 &U/kg slose. sThoughbester itermawf the stegly-stafeirmary and

var ues. war S90ons8 eyt Bt ek dBing fnaf R Ehe e Vet ek Fwﬁy“foﬁat of

the 150 | Uﬂiega.mgltotalhdoigsbwugse thegﬁtmno v?hdﬁlhwre](iﬁ révementin r&s’iﬁn%eué kg t.
dosi ng reg| was L gher nthat after the 4Q,000 |U osi ng
regi men. W%? to the,ingonvenignceqf maze frequent Q,Qﬂ't&:ﬁeéges for

herogl obi ntheaadageqaginehﬂbs&hoaadwaabém YOS0DTUTKR? dO¥R DF BP0Yi8 siidwifty Period were
simlar betwee 3 H\gg gos ng regi nens desplte the differences in exposure
of 20 & oeP‘Pﬁ‘ e dgsired &) F¢SHOR%Sr Ny of AUC(0-168)]. In addition, there

were no Stat'Sthﬂeéd.lheﬁbﬂélk&fﬁéﬁes&ﬁtﬁﬂﬁhﬁ&f@ﬁgé&ﬁ%913)Cwegf per cent

reticul ocytes, AUC of nogl obi n, and tot t he one

mont h- st udtPsisean, serhiasilossdhan anse daily, talless then erngiweekly.to éss than ghcet dvery

di fference Pn.gyg cells between

mal e and fglrré e §u5ﬁac%r epmtﬁ%ﬁﬁf'éfgﬂtp?ééﬁf“)me 25

d![ f Ler encercsponse Tims, Mzd?ﬁhcpmmmM1dmnamtw tt?’%lse\dl?iﬁlyigot IhIU/Sk

s u y ¢le ic a in responses, after g
W ganz‘;ﬁcéﬂéfgg%%{ %@%@Pﬁgﬁyg&@% ag‘?ﬁ‘lqb&rm“?gﬂ e was an

expect ed oh:ﬁfmeewahmywpamgmposure of epoetin alfa in serum after the

150 11U kg t.i.w. and the 40,000 IU q.w. dosing regi nens. Henogl obin 30
responses were simlar, suggesting that the two dosing regi nens can be used

Example5: EFFECTS OF 40,000 [U/WK DOSING OF rHuEPO IN
RELATION TO PATIENT BODY WEIGHT.

20 The need for repeated rHUEPO administration causes dosing based on body
weight to be inconvenient and time consuming. A switch from this practice to dosing
a definite amount irrespective of subject body weight would facilitate clinical use of
tHuEPO. Hence, simulations were performed with the models of the present
invention in an attempt to reveal the extent of changes in expected RBC and

25  hemoglobin response profiles with body weight alterations. It was intended to use
these simulations to provide insight as to whether this change in the mode of dosing is
justifiable from a theoretical perspective.

The production/loss pharmacodynamic model along with the dual absorption

‘pharmacokinetic model of the present invention was used. Parameters obtained from

30 fittings of rtHUEPO dynamics in healthy volunteers (Figure 3 and Figure 13) were
used for simulations of the different dosage regimens. A baseline EPO concentration
of 40 IU/L was fixed for the simulations in all cases. The ADAPT II program was
used for all simulations.
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I nt erchangeably. 76 WO 00/67776 .1 1 DEC 21133 PCT/ USCQO 12629 Exanple 3:
COVWPARI S D PARAMETERS AFTER ADM NI STRATI OF EPREX(r) AND
PRC]_EASE(rsiaEﬂlug‘ﬁ@ 62 is a schematic represent g@ﬁo@%%hé’%&@‘%’"ﬁ@r
erythropoiesis stinmulating effects of. rHuEpo. This nodelr was used to
estimate the kinetic and 5 dynam c paraneters for rHuEpo responses after

dmi ni strati ' . EP a e kineti
Sapapriats eg :5119 '? eﬁg?%%g@gﬁwmgﬁﬁr%%%Wﬁ*%r}li@ ¥ "H’gi olkfnet ics
T s syt s a0 1
was simul ate | . s us fitti
the ei ght ag(fﬁ’épgspgg cXeTsus,ime %&5‘%%@289@%&#@'}@% Weaksd. I%or t he
| NT- 57 cang4032 hipiai coRipasfon’ts @idingg & fbitd] dose/of 40060 TU/wkad'subfedts with bigyues were

based on previous estimations fromthe

fixed as indjicated in Figure 6 } >

earlierdst W&E%(%Pféo’ B an 2. Both RBC andhHh-shak sontinpal dnorepsesavanthe dose
PROLEASE( r Mﬂ?adﬁﬁiﬁﬁtﬁﬁ | re used to
simul ate tﬁgﬁﬁﬂ??f% e dose reql n%dﬂ’@*eﬁ%g%@?ﬂ%?&%ﬁvﬁkﬁﬁ{%ﬁ#ﬁ%ég%bem .sets of

ki netic pafldfkeivd dosing regimenassuming thatmpstrsubjects havei d Z0kg weightbot h nal es and
femal es, since prelin.nary run el t show si,gnifi.ca [fferences in
the estinmated pgrcwelﬁioé%ggﬁisﬁﬁﬁ%nﬁﬁw%%H@ﬁ?ﬁ‘b%&ﬁm’%g The kinetics
was fixed rHuERG has #Vdaf 00558 Dikgf whithii®very oloséiol plisiifa voluened \A¥iDdg r esponses.

Predose val ues, were fi as baseline levels for reticulocytes and the nean
of the?%B ‘é(ﬁ’(?ibﬁm’r'?&iﬁ” gg%ﬁk‘é“’mé caysingfue maximg 1. negRttationst espan

par anet er sattdinedab dedisifle fove AicREAgR ifl 068y Reight@do difects Me JiGARRke ") were fixed

for further multi dose fittings. The Smax _and SC50 were estimated for

the reti cubBeppler V@'@Mﬂi’i”!@t diherg is, an jngreaseinV/mes@UAnDwith inkesassins ur ger y
regi men.  Agodyapélghtaeadink ol dihcedi in LIB e W@m &E‘}%@S%g%gﬁmf%g change

very appreci ably considering the variabi he
di fferencebCﬁthdedwlﬂﬂgﬂedtOethﬂaamec)ttmt.thhblimmsomatticbﬁmmu.Phase | 30

{4 Ok b Yowak SbHcEnthiRiRfs) HhAits ufiGRANKE 36 affcae, Vody WelgnPlimtiBhiid! ©er S-

st udy
Mor eover

appear not to affect the kinetics to a significant extent because the terminal slope after
SC administration is in fact governed by the absorption kinetics and with the SCso
being very low, the terminal slope principally governs the extent of response.
The simulations show that the steady-state levels of RBC counts and Hb
20  counts are slightly different based on body weight. The time to reach steady-state,
however, is also long and therefore, the Hb responses at early times such as 4 weeks
do not differ very much (16.46, 16.33 and 16.19 g/dl for 50, 70 and 90 kg subjects
versus 16.35 g/dl for 600IU/kg/wk dosing).
Therefore, the data derived from the models of the present invention show that
25  differences in body weight over the 50 to 90 ké range do not contribute substantially
to rHuEPO kinetics and dynamics. Therefore, dosing based on body weight might not
be optimal, nor imperative and a change from dosing on a body weight basis to a
standard regimen of 40,000 IU/wk irrespective of body weight, is reasonable and
-convenient. The 40,000 and 650 IU doses are not meant to be absolute and
30 contemplate a range of values in the dose that can be administered to a patient and
provide the same or similar effect. Indeed, “about” 40,000 or 650 IU contemplates a
range of values that provide the same or similar effect to a patient and contemplates
ranges of, in a particular embodiment, +/-1 to 20% of the IU value.
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these set of paraneters seemto well characterize the 150 U kg/t.i

cancer reg /;72‘{) based on the simulations shown in Figures 65 and 66.
The ret|cul ocyte data for males and fenal es wer ¢ 1aDBC 23 PEHEUNAREPY since
the estimated Smax and SC50 from 77 WD 00/67776 J | DEC 2013 PCT/ US00/ 12629
the data on mal e subjects did not describe the responses for fenales well
enough. As seen fromFigure 68, these paraneters were different when
estimated separately for females, though it would be hard to judge whet her

the differ dixsmple 6aASSESSMENT on‘mmommmcs INECANCER PiA' §' i ght

phar macodynam c fer nceaypased gender since all the data wa
obt ai ned from a@q"ﬁ HQE fapemico IrHm!'ét;lux!.t1=ovver

vari abil i t;enda'mow%}&qc@?ﬁgggﬁ OW&ggfmmz%g%%ﬁr i e t he

responses for  both the single an ose
Si nul at P on<EngRicrendition inthass patients,and admisistration offBuEPOat aaioss a.érs‘Oor rred f or

The- T oapect Db e YRR aeBk Vg G ch Uil @l O ot s~

responses wem;tas iTihohgh this regimed gives ndequpte rapmises and ig avet &naflontyiues, t he

reticul ocy the.erythrocyte response se ms to be characterized
wel | in al}tﬁ ﬁ&h‘?ﬂ %gg’lgdfquﬂfﬁfl#‘gﬁk’%% H‘r‘?ﬁt E@Gioﬂm t he

si mul at i onﬂ‘hamfcn'h,wbplhmfd@dwﬂim@.fﬁuﬁﬂoan'b%gﬁ%ﬁoﬁ‘i\@@eﬁ re e 15 sane
ters can vveII descri be responses to bo cnh

set of gynam&: a
f or mul 407 oAtEl f@m’é ¢ inceasesin M?%&!elsnaﬂwem@memwcwmmeemto
b Phar e YO Thd DO AU the HRBen Y ot W R i€ ! 01

predict that , the differences In the responses formul ati ons
may be acc8tRisctywasysed toguantitatively sgmpmtlalrcmws ii cancérqmtiontsdmdd, t he

oo o TSR RO 00 o b Ui 4. ”L o
wi t h t hosepwYides ae bppaxtunity Mdato tlwmudd:bmﬂﬂwpmﬂht inventivntsd thdtehe
R VRS UGB bl Bel B presie i PirBotstingbe Rdlenens for . chr oni ¢ o e
admi ni strati on The ddﬁlﬁ?@lﬁaﬁcéiﬂumwkﬁbtmﬁed\/ﬁm@RWﬁ‘ﬁ Tyiskidsifnek . There
may be sav] e%slaﬂeq % Ogomxg cgtgt:('jo?led, parallel group, multicenter study carried out in |
150 anemic cancer patients having solid tumors and receiving platinum-containing
chemotherapy (cisplatin or carboplatin). Different dose levels of PROCRIT®
20 (Epoetin alfa, Amgen) which included weekly SC doses of 300, 450, 600, 900 IU/kg
and an SC dose of 150 [U/kg t.i.w. were administered to 5 groups of subjects (25
patients per group) for a period of 12 weeks. The control group received no
treatment. Patients were required to be 18 years of age or older, have prestudy Hb <
10 g/dl, corrected reticulocyte counts <3%, platelets >25,000 cells/mm?, creatinine
25 <2.0 mg/ml, negative stool occult blood, no evidence of hemolysis, and normal serum
folate and Vitamin B); levels. Also, only those subjects that had not required blood
transfusion one month prior to randomization and that were not iron-deficient were
included in the study. The hemoglobin count was measured as the primary
‘pharmacodynamic end point.
30 The parameters obtained from fittings of the kinetic and dynamic data for
normal volunteers were used to simulate responses after administration of the
different doses and regimens of rHUEPO to the cancer patients. The production/loss
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conveni ence if patient therapy involved | ess frequent dosing. Therefore,
t he -diffe‘g@g)ﬁ};i, '#nn henogl obi n responses for various dosage regi nens of
r HLEPO wer e &%2%i ned usi ng the nodels of the ptesBET 200yRERUS0O/12629
characterize and predict responses to rHUEPO which offer the nost
efficient treatnent reginens. The production/loss pharnmacodynam ¢ nodel

along with i cakl net . c del of .t pr esent

nvent | on varmstihn@e el Abhe BTl bR KaGmaet oblie Prosemec 2003
PCTI USQO/ 1 2i69entiontwasuged. RarantdsdrdGhtainisd Fomitifigs ¥ the tHUEPE) dyihifdsdn (Fi Our e 3
and Figure osage regi nens.

f i | at | f the diff t
A basel i ne @@%ﬂ&%?’% I?B‘ﬁ% a@aguw%gn Oﬁiﬂ’eﬁiﬂﬂldinelteé?g] soneeateationns i n al |
cases. The mllbvewwaﬂi&ﬁﬁngﬂ&ﬁﬂfo‘@iﬁnﬂdon%ﬁ&ibﬁfffe?@ﬁig%g? I gure 68

shows the sinul ated henogl obin résponse versus tine pro or several
different Jo8umens,andhesficstsofchanging variousipamretersbn theeesponses werduce a
continual ripG&tibated The AL, | ' - e is reached around
126 days (3024ghr). The ﬁzgﬁﬁﬁﬁﬁ$@g¢m@§éﬁ@ﬂ?‘ﬁnﬁv oduce the maxi mum
i ncrease in Ho Higires Z0A-TOR showothe hemoglobigidateand simiistions bhretitdlbéytss,

concentrati eshold of, 23 |LUL for st periods of time

causi ng corﬁglﬁ? ﬁpﬁga&ggsgégor%ﬁ '8|°g“°°56‘mﬂ‘t§ whoywere given doseg apd gher

st eady- st atrégilmensofrFHuEPEh . AsTeen Mabefijnés) theafisntdSeen'td 36k Bﬁ&fa&oﬁb n every 2
| ower because tphe rHu

weeks qrodqéﬁzm{pes onse ich are mnmuch | S

concentPat i Xt Sﬂwﬁw RUMS] incrsases insHh gancenfrations. There indndy gt es ar e
converted tveryslightweSponbeassodidiéERE i S PO are

al so not 121 gi Vﬁﬁl 399N eno?Jgh to elﬂg\?g?guﬁé%c n%ﬁ‘gtlﬁﬁﬁgﬁ%"&%\gg‘q he

t hreshol d Yidosectherespems ta be ay ingresse indha exdent ofiresponise.aTheshighesent can be
made i n codpse off900 APéRk!| | . . kg every 2 weeks
dosi ng. The_150 ngﬁct Ny .Vkv,.ﬁ%dggﬁ\goﬁﬁg%w V%%gﬁ{laﬁgbq?%gh%lg%ew [ wk

dosi ng reg%be‘ﬁvqlhmmogﬂuﬂwkdnsalmm stiewithat nevbeklytregitien d§ 6001 ¢ 20

xpect o, PRE PR RrIlRS Bt Wie b GeRadivlel b deindy dbamAt oo
response pbestcndrans tkofigures i the sinbdations ubihg paraietedsisin hélling/sdbjakes (48%
increase) Bhbick %ﬁ&mgshtﬁgt & ﬁgﬁg‘%ompared to those actually observed in cancer
patients. Differences in the kinetics and/or dynamics of rHuEPO in cancer patients
compared to healthy subjects can explain the cause of these altered response profiles.
20  Simulations were therefore performed altering selected parameters in the
pharmacodynamic model to explain these differences.
Erythroid hypoplasia of the bone marrow, decreased RBC survival, and
decreased reticulocytosis are reported (see, e.g., Abels, 1992, Semin. Oncol. 19:29-
35) to be some of the possible causes of anemia in chronic disease. Anticancer drug
25  therapy is also thought to be one of the principal causes of anemia in these patients,
(see, e.g., Matsumoto, et al., 1990, Br. J, Pharmacol. 75 :463-68.) A reduction in the
Ks value by 1/3rd, indicating a lowered intrinsic production rate of cells and/or a
lower Smax could explain the diminished responses as seen in the simulations. Cancer
‘patients have baseline EPO concentrations, which are higher than normal, but
30  inappropriately low for the degree of anemia. (see, e.g., Case, et al., 1993. J. Natl,
Cancer Inst. 85:801-806 and Miller, et al., 1990. N. Engl. J. Med. 322:1689-99.
The baseline EPO concentrations are reported to range from lower than 40 to higher
than 500 U/L (see, e.g., Ludwig, et al., 1994, Blood 84:1056-63, Case et al., supra,
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| U kg/wk (71 % increase) reginmen. Wien treatnment is continued for a
substantiag,(* of time, the true steady- 25 state responses attained
appear to di @er with the various dosage and reg| fDES. 2000 SAE/UWPRIR? ences
in steady state response, however, are not as apparent with the short term
treatment reginen, which causes onl y slight elevations in Hb levels (e.qg.,

an i ncr eas@\be&)’su)sr&' i MSIIBXEP! ) den NS S0 akd 538 B

causes a consi stent| ) |g er H n conpari‘son
regi mens. mcngtedw&tthemcemdmgemn&ewy nBdsdline BPOt levelpgrestenthan 5@t i on,

St eadi or i S AR HeellFeroted KRR ubiofns ipos o RETE By D Goecte.

Frequent dLadwig dral papia)) keep the rHUEPO concentrations above the threshold
facilitating foymation of RBC fromreticul ocytes. The erythrocytes, having

a 40 tifres 79 \WBCIREAing thecaselineHRO consentrations incthe modeldo 76 rSlslllf}MESpan t han
that of reauearbﬁsdeaﬁmv%bfth%tsrmamtifmb EfifrePthdY &Eoﬁ%r}gﬁ{% dobvisul ting
| eve IS See

in steady ingreases in ange in
response veabstierfitof thedata rﬁm@mdﬁsmgcasabn@ every woek] @pmedkahnnst he dose

chosen. dosin
schedul e affectcg%eheibgg%qééﬁémogd g’%se bﬁﬁ?mgf%dg?{ﬁ%&%é Tgough
better in ewythmesyiss. ﬂhereﬁxre.amhangaameheﬂmhmidsmwhmnMntlyhﬂp@e a vveek
dosin over dos for the sane total dose
becauge&?#erﬁexggﬁt&‘gésmﬁﬁl%hgﬁﬁsﬁ MIP ConyersinRIAcess may nglot gr eat
enough conbesignifiantly h&‘ecta@ fmnthese parkiefts OUnd&ﬁ'ﬁnﬁﬂ%ﬁﬂaﬂbnsﬂ eS/tlideytediee. foOr

t he dosage a,once-weekly 600 | U kg/ dosé of EPO i s shown
to 10 pr ovf&é%ﬁ&‘{]%‘e&%ﬁ WI@#&%B&F&@°PN4HWIOMOM¢§UN t he present

| nventi on sy iaisdSachoy o Btelshéh iR ichegifi d@?roﬁdﬁ@nﬁ?név@ss than once
onc

daily, to less than once week|y to | ess t an every two, three, or
" four Weeksm MYW“PH@‘E@Géﬁ@jsquumwmaﬂkbﬂﬁtorbesponse
Thus, {de fRdel ol o_use with any
15 partlcul ar t?pg{eo#ﬁ%ﬂ%i or g%y@%@@% pe o 140& ggéﬁ% ﬂé and can
be nodi fi edpmonstratedbatavdetthe dasin otbatﬁsu)ouﬂn ghto ﬂmﬂo 000

i i A o e RGP - "0 1
another possible cause of dummshed responses in cancer patients could be differences
in the pharmacokinetics of tHUEPO. In healthy volunteers, tHUEPO undergoes flip-

20  flop kinetics after SC administration causing concentrations to stay above baseline for
prolonged periods of time allowing continued stimulation of the production of new
cells. The slow first-order input via lymphatics was assumed to contribute to this
phenomenon and any alterations in the physiological functioning of the lymphatics
due to the disease state and chemotherapy may abate the slow delivery leading to

25  lower responses.

Although the weekly regimen of 600 [U/kg requires a higher total dose
compared to 150 IU/kg t.i.w., it produces better Hb responses in cancer patients and is
a more convenient dosing schedule for tHuEPO maintenance therapy. Therefore, a
change from the current regimen to 600 IU/kg/wk might be preferable according to

30 themodels of the present invention. The PK/PD model developed can account for

differences in responses due to disease conditions such as cancer, and the simulations
predict that a lower Ks value and/or higher baseline EPO levels with or without
alterations in the pharmacokinetics of tHuEPO could be responsible for the blunted
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wei ght to be inconvenient and tinme consumng. A switch fromthis practice
to dosing g %/Hﬁ. te anmount irrespective of subject body wei ght would
facilitate cPi nical use of rHUEPO. Hence, sinul fiiBEGs208%r RCHBI0H26%d wi t h
the nodels of the present invention in an attenpt to reveal the extent of
changes in expected RBC and 25 henogl obin response profiles with body

wei ght al te&gﬁdn' ﬁ&%”‘{ We ded to use these sinulations to provide
et her&ttﬁ?sgpg .

insight as to ! ange in the node of dosing is justifiable
froma theor et i CWithpeferspentoithe:prededingndetailed desoription and¥pasifio efgglay)i ¢ nodel

vent | on on8 Skt 58 Rl R lersBRF IR S PRIED niodEhing pysieeotihe pregmp0
dynani cs i rinventioh may\belused iner variefy cf diteations "Forixambi, %ﬁaﬂcfiﬁﬁ%‘ Mg d for

simul ations of the different dosage regi nens. A basellne EP centration
of 40 | L WRp ?‘E\!ﬁﬁ th%ﬁi’q a@m Fr8imen torashicye & desired pharmagokinetibasaponsepr ogr am

was used fif i i | 7 . : | USO0/ 12629 The
ef fects of s&t%ﬁt’%ggg%k@ggr O(B)ér%n%(@gq gé%e@%%ﬁ@%%&%ﬁ%@%ance
t herapy wi tof thépresen myentiopite aceomplishi-thin negnl6 Altdrnatively, th8 pedetitioner hsaysi mul at ed

RBC and H ' [l for the regi mep of 600 I U kg/wk
for 24 me&“?%ﬁ#ﬁ'ﬁ@%@ﬁ@? ?‘%ﬁ#‘?ﬁﬁﬁ?‘kﬁhd“ %S&%BP"' wgregse 0000 | U/ wk
to subj elct hemoglobinddyels 'I?!m'hpgkuti;ionéréﬁuse?]iﬁeammﬁ@ohge prgsnd ifvBitichte Eb Zhow
contin [ .Qver the duratio r HUEP m,ni stration. The dose
of 40008 1 (FREPESidh BR pres gt il b enable o adieina bn dessed mionl ¢ ha

nmost subj ednmdth&&sm?,%d@aﬁtﬁioﬁ&tmaﬁvﬁm@ﬁ&eﬁﬁnb‘mﬁtfg%é&ht affects the

vol ume of distri g‘utioe\r}a&\é . The TrHuUEPO has_a Vvd of "0. 0558 L/kg, which is

very cl ose PRy P magadynamic outeomewijhresplhfomaspecifio/ BPOL) i ncr eases
causi ng t haosmge epihes. Hy tﬁ@?ﬁ&“ﬁdn@?%ﬁf‘ﬁe ' kB [. A
change in bodégwei ght al'so affects the cl eg&rl%ﬁicl%%q%éar anébﬁg%réﬁﬁiwhrlkg).
There is aRTSHiRveaton (o mekethis determinatign. h i ncrease in  body wei ght | eading
to an ijgcrease in clearance (Vmax/ (Km + Caro)) of rHUEPO As both Vmax and
Vd are affected to the same extent, the elimnation rate constant (i.e., 1s

k at | ower Exsmplel: IMMIUNOGENICITY OF EPOIN DOGS DURING ONEMONTIE! ght
di fferencem:,s:ﬂw,eﬁhﬁ oy affect the kinetics to a significant extent
because the termnal slope after SC admnistration is in fact governed by

the absorpti on Thisetidy wasdekigiet ito &vatualéthe immunogenicity of EPO formulations.
in immunosuppressed and non-immunosuppressed beagle dogs. Pharmacodynamics
20  and pharmacokinetic profiles of EPO formulations were examined.

Regulatory Compliance
Good Laboratory Practice (GLP): This study was not conducted in strict
compliance with the U.S. Food and Drug Administration's GLP Regulations for
25  Nonclinical Laboratory Studies (21 CFR, Part 58), yet was performed according to the
protocol and applicable Oread standard operating procedures.
Animal Care and Use: Animal studies were conducted in accordance with the
NRC “Guide for the Care and Use of Laboratory Animals”, (Revised 1996) and the
‘USDA “Laboratory Animal Welfare Act, August 24, 1966, Pub.L.89-544 and
30  subsequent amendments. Oread Met/PK is an AAALAC accredited facility.

Identification and Source
Formulations:
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being very low, the term nal slope principally governs the extent of
response. ‘(%(S sinul ati ons show that the steady-state |l evels of RBC counts
and Hb 20 PUTTH ¢ sl ightly different based on fob®ECvaNgPET/USIN42629e t o
reach steady-state, however, is also |long and therefore, the Hb responses
at early times such as 4 weeks do not differ very nmuch (16.46, 16.33 and
16.19 g/dl for 50, 70 and 90 k%%@cts versus 16. 35 (g;;/dl for 600r U kg/ wk
dosing). Therefore, the data dei¥ » PPS 2000V mbaed ene)10,00(LTLMEs ent

i nvention show that 25 differ in y wei ght over the 50 to 90 kg
range do not contribute substaﬁ%llﬁg?sfsyconggldr HUEPO ki netics and dynam cs.
Theref ore, dosing based on body weight m ght not be optiml, nor

i nperative S}%d a change from dosing on a body weight basis to a standard
regi men of A%B0 | U wk irrespective of body weight, is reasonable and
conveni gnt. The v, I to gﬁ’%@& grm te and 30
conterrpigate a rzfr?gaﬁg% val sgggxi'ensté[r e gggseg&ﬁ]gsta g betetz“ai m nlhgﬁéﬂa to a
pati ent andot psedindtudyh Jnnsed:foomulstions were retiroed to RWIRRIFoll6wingdosing0, 000 or
650 111 CO%}QWE s a range of values that provide the sane or simlar
effect to a patient and contenplates ranges of, in a particular

enbodi nent, +/-1 to 20% of the 11U value. 81 WO 00/ 67776 11 DEC 2003

PCT/ US00/ 1%2%(? Eﬁﬁang#e 6: ASSESSMENT OF r HUEPO DYNAM CS | N CANCER PATI ENTS
Cancer pati % goi ng chenot herapy are often anem c. | nadequate
endogengus EPO gpe¢legt i on is believed topgg one of the factors responsible
for the 5 anem c condition in these patients, and adm nistration of rHUEPO
at a dose of 15&trainy kg three times a weBeagle .i.w. ) has been shown to prove
beneficial in cgegecting the anema. T h this regimen gives adequate
responses and i s nost commonly used, the frequent dosing required nakes it
i nconveni ent an&ourceni ght not be the besHartancSpraghik®asdey; nc. an opti mal dose
of rHUEPQO, which can be given on a weekly .reqi 0 t i.£l d conparabl e

i ncreases in henoglobin | evels as the cu%flgﬁ?p"isﬁ'm’%’@magg&%d& regi nen, was
sought 15 The PK/ Bgem@BRkingof the present g mugsdthedn using data from nornal
subj ects was used to quantitatively conpare the responses in cancer
patients and em?iw@gﬁgimlﬁamg_es ofgdhfigerences, if any, in the

dynam cs. The SiQU?P' al so proyvides an opportunity to validate the nodels of

the present inv Hration Methed:t hey 15 cotattgoigpplied by aninel guppdiet or predi cti ve
purposes in theNuh{yer 8n Study: 18 (N = 3 dogs/group)

20 Housing
Dogs were group housed by treatment group within kennels in a dog holding

room and acclimated to handling and sample collection prior to dose administration.
Quarantine were at least 5 days prior to dose administration. At the end of the
quarantine period, the health of all animals was confirmed by study personnel.

25 During the study/collection period, the dogs remained in group housing unless
necessary due to health conditions. Kennels were labeled with the animals’ and
protocol numbers.

Environmental Conditions
30 Animal rooms were maintained at 23 + 3 °C with a relative humidity of

50+ 15% and a 12-hour light/dark cycle. There was at least 10 room air changes per
hour.
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The data for the cancer patients was obtained from RAMPRL This was an
open- | abel wo epg¥oye zed, controlled, parallel groyp | bt y
carried out in 150 anem c cancer patients havi néggﬁ?‘qﬁl@%@ﬁﬁl@ﬂ%%%
recei ving plati numcontai ning chenotherapy (cisplatin or carboplatin).
Different dose levels of PROCRI T* 20 (Epoetin alfa, Angen) which included
weekly SC doses of 300, 450, 600, 900 IUW kg and an SC dose of 150 WAS
t.i.w were,admnistered to 5 groups of subjects (25 patients per group)
for a peri dr\& fEeks. The control group received no treatnent.

Patients were r hﬁd’a&d&ﬁPﬁﬂnNG&ﬁﬁe&éwﬂﬁ@D&Pgdmrmd9@&86.8?1 Hidy b <_

10 g/ dl, correct reticu yte counts 53% platelets 22 s/ m8,
creatinine WDE’&}! dyg Resultsraf fond analysis (rsrtifissieof andlysisprovided by thdence of

hennlys S, o, only

t hose sub ] gg{i&si) ’?ﬁ‘@#“zﬂﬁw r‘é‘%@‘?@&g@&o%w %ﬂ $F°§?\<&J§r§°§m *h prior to
r ﬁndﬁm z alt mBW)andatshatd clwbrmatedﬂ'nygmom'bmj wereamdintainedin the eawdiral filed N&g study.
The em)gom cou red as, t mar ar nracodynam ¢ end point.
30 The par SAMAEY ?fb‘?’ tﬂg@"%ﬁ‘mﬁb%ﬂﬁ?ﬁre\v?@r%ﬂé"’ nam ¢ data
for normhumimﬂtﬁgf@fm@a,aeﬁuwoghm e responses after admnistration
of the different doses and regi nens of r UEPO t 0 the cancer patients. The
production/loss 82 WO 00/67776 1 1 DEC M3 PCT/ US00/ 12629 phar macodynam c

nmodel bongumﬁ&dohq,fm,g@gﬁgg,l on kinetic nodel of the present
i nventi on was used. Paraneters obtained fromfitti ng)s of the r HUEPO

dynani cs in he Tl doseasselected basertion existing detapbtained from fyrmulaiogs wi t h a
basel i ne EEQ&?&%%JE@P&%?QJ THis Jt\%'l\}'mﬁﬁduldt%ﬁ(in Iﬁ%nﬁdés&éér}iesgfmpé) int for

simul ation erent dosa egl mens S of changi ng
vari ous pananmnmumsupprem haagkcdogeta emlnate thenmnnmogmmy ofEFé) ADAPT | |

program wa . for all ons ures . 7 t he

henogl obi n%fimtugqﬁ’ﬁﬁagﬁ 5@? | cqﬁflﬂ% EZ“B‘H rlqg\gPE%ponses f or
aa e EP% 1£ aAg timt wer ised :]vas menmamn gumm xﬂce‘siary m‘ﬁrovide aﬁenmdally(rjm?:urre ns blof 10

r Hu seen ot ures, ents seemtq ond, favorabl y

to therapy qul eN‘éF%ﬂeP%H‘%" B‘Fﬁtm BY“&&'%"&SSWWWQ&‘&M@SE f¥ns. There

is only a rd(iﬁh&ly&isé(ﬂf&tﬁe%%ﬂ@ﬁbi%fﬂﬁ?ﬂﬁdoﬁn@ﬁc PhirthabBmanf, bid kg dosage
regimen. Wth increases in the weekly dose there 'seens to be an increase

in the ext io¥icolqgical stydies to mméeswwmwments

20 Study Design
Summary
Beagle dogs (N = 3 dogs/group, 6 groups) were randomly assigned to
treatment groups. On Day -2, three groups of dogs were administered a single oral
dose of cyclosporin (25 mg/kg). Thereafter, the three groups of dogs received a daily
25  maintenance dose of cyclosporin (10 mg/kg). Two dosing regimens with EPREX®
and vehicle were examined in immunosuppressed and nonimmunosuppressed dogs.
All formulations and vehicle were administered subcutaneously (sc) either daily or
weekly. At designated times over a four-week period, blood samples were collected.
. The injection site was monitored daily and body weights obtained weekly. Dogs were
30 euthanized or donated to another research institute following the last collections.

Preparation and Test Formulations Dose Administration
Day 1
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dose of 900 | U kg/ week, however, does not produce considerably higher

I ncr eases i\pood—p,%evel s than the 600 | U kg/wk dose. The data show that a
weekl y regi'men 5 %00 15 | U kg produces respons®d BEG 83| yPEBUSMWI26:an t he
150 U kg t.i.w. reginen. It can also be seen fromthe figures that the
simul ations using paraneters from healthy subjects predict responses that

are hi gher conp e fually observ Lh cance tients.
Differences in fq?gtde né%&@@%ﬁ%%ﬁfmaml tgreggoh]qlégboyhaxg grtagt i ent s
conpar ed t delow)! il formblatiaiswereadministeredatithevelame spaifidd in ke AlbR{rRd
response praf.iles. 20 Sinmul ations were therefore perforned altering
sel ected pzi? freters in the phar macodynam ¢ nodel to explain these

di fferences. Er Y3d3é wefb dnwiah &b @ spfingeTieedtiith %%g?@@éﬁ@éﬁ& iR

C
survival , and decreased reticulocytosis are ré e.g., Abels,
1992. Séni MC dgse yas adminjsteredsin)the dordal regiom Dose;sites yerexilipped prordes of aneni a
i n chroni ¢ @kifg &Em We adr. 25 therapy is also thought to be one of
t he princi paflﬁgauseg&g{wgﬁgﬁn&gmgﬁmghese patients. (see, e g., Matsunoto,
et al., 1990. Br. J. Pharnacol. 75:463-68.) A reduction in the Ks value by

1/3rd, indicat rowet-et—n egiethot—at-erof—eells—andlor a
| ower Smax coul d expllain the di m ni shed rgggorses as geen int
dancer

he
si mul ati ons. patients |hamendagse] imeseERCGysRBRENt I at i ons|, | ¢h are
hi gher than norgl, ut 30 i ngppropri at eh{l | ow for thge degree oP anem a.
(see, e.g., CdsSroun |sireatmentsd suppressed| | (TUdkg) |e(ml Feguewy- [ Ratend
Mller, et al.[ IpP90] Hp T3 32208 99T T[TE ¢ Freg PP
concentrationg.are reporie gtr range frlom1owdr than KO lggisﬁl h§6 {han 500
UL (see, e.g.| Ludwi|gEPBEXR [ 10®4. H od® 84: 1@55- 63, Maie dt SC .| supra,

83 WO 00/ 6777 t—=1+HEC20 PEHHSO0HH2620~Aet-Sr-SupFa—ardtM-LLef et

al ., supra) depen3di Nng 'e deve F‘[y and?’q(g/pe 015°anem' g'“glé’sccisoged wth
the cancer and chenofhBPREX® BaselNone€ HPOsOGEVET S 607 €af eweekigh [P®RE | U/ 1
have been r epget ef—t-g—i-pai-cat u_nrpcr\nrci \IQHQ%Q {0t BHUERQ t herany see,
e.g., Ludwiglet al.] sSpme ) [s 1%es eadi nVA hd bdel i heWerklyc dnd&ht [ at i ons

in the nodel tfo™ ) O[T, gQi@n [y n a_Jeci@gased ST of 5yst em
to EPO, shiftad.the eqpor{‘ge- imaﬁgrofilefsﬁ‘do \L%gnd qa\Vfgblglyb t'tgeérrfit of

the data. Since dosing was done every week, concentrations renmined well

above the t Eﬁﬂpﬁ ' 1 h onversi t reticulocytes to
eryt hrocyt eésy.:s er%&?%ﬁ%ﬁ%@smoﬁmm‘di d not significantly
hel p i 10 2Based on EPREX® formulation containing 10,000 IU EPO/mL.

NA indicates not applicable.

Observations, Sample Collection, and Processing
Dogs and injection sites were monitored daily. Any abnormal appearance or
15 behavior was noted and evaluated. Body weights were recorded once weekly.

At designated primary time points (see below), appmximately 2 mL of blood
were collected via the jugular vein into heparinized Vacutainers®(Becton Dickinson,
Franklin Lakes, NJ). In case of jugular vein failure, blood was collected via the
cephalic vein and noted. The primary blood collection, obtained prior to cyclosporin

20 administration, was used to harvest plasma. The blood was placed on ice, centrifuged
(1500 x g, 10 min, ~4 °C), and plasma collected. Plasma was frozen at-20 C for
shipment,
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10 shifting the curves, which suggests that reticul oeyte-RBC conversion

" process nm(“gﬁl_,&e significantly affected in these patients. Under nornal
condi ti ons, {/‘fﬂ ocytes live for a period of 2BBMERcHE: ROTAUSNEM262%i ng t O

the production/loss nodel, the true steady-state is reached one |ife-span
after the beginning of production of new erythrocytes. Any reduction in

time ang EEaFoﬁ‘r‘”*ﬁ%&?ﬁ%@%ﬁ Pl S B8 FpeBb ety 7 it f GBS Sl Eronct r e

because t heusihgs Viaputairer hodntaising EBTA) wias bbained iotheméingleheplagéd e nment  of

true steady-state under ngrnal conditions in the study. As nentioned
earlier, dﬁ%tﬂ?ﬁewgg'iyﬁog%ﬂé‘@s& r‘tﬂ‘i%“ai‘)bﬁé&’hﬁ’l’s’ﬂﬁ ed ysed fsncer patients
coul d be diréﬁctﬂ@zfe?ﬁmé Hitl@nd RRAITEE Blobd €411 e PO. I n heal thy

vol unt eers, rHUEPO undegr'%ogs flip 20 flop kl?lnagtql;eg{is after SC adm nistration
causi ng3concentrations to stay above baseline for prolonged periods. of
time all ovm'pmgaﬁm' i i f the production of new cells. The
slow first-orde |iﬁg€@y?£atloﬁ;*r¥pﬁﬁmtg was assunmed to contribute to this
phenonenon and &irgups|1t & 2(dailyr BPREX P) Preduss,l 03,812,416 dndr2athi sbayg 0f the

| ynphatics due to the disease state agg C{]lﬁmt eragﬁaga% abate the sl ow
delivery leading to 25 | ower responsd™ By and predese A %1 % 18elo mren of 600
| W kg requires a higher total dose @adpared to 150 IU kg t.i.w., it

pr oduc better Hb responses | cer.patients and is_ a nore convenient
dosi ngqgchedul e¢{?ﬂps§ﬁﬁé\3®%ﬂfgp a?féél“?ﬁeréﬁ%?e-*h%-rgeﬂ%ﬂé‘; 48, 72 mathge from
the current reginmen to 600 | U kg/ Wk migghdn B&ysAr £ rag&sr ing to 30 the
nodel s of the present invention. The PK/ PD fryodel ?e\'/gl&(;%e gé’ﬁ account for
di fferences in responses due to di se®aysd@ndiléi ons such as cancer, and the
si mul at i oNgeeddaFy OFint al ue and/or hi gher baseline EPO -

| evel s with or W&ﬁ%ﬂ?'@{lﬂﬂe?yrnatl oenga?% t he pharmacoki netics of rHUEPO coul d
be responsi bl e ABGrous: bl unt ed 84 WOPPRlo§&diyPays DBC7210)94,A7721)330/ 12629
responggs seen in these patients. W%ﬁ 5§f erence to the preceding detail ed
description and specific exanples, % 'killed in the art will understand
that the PK/ PD Asdedessary duringehs stidy,, hdditiorms sspim sampios wetdlcaliedtell o Used in a

EPO dosage*Patniisl v Ringfod Wb AUp R Ik otibie oteetore g

euthanized with an intravenous overdose of barbiturate euthanasia solution or donated

to another research facility.
20
Sample Analysis
Collected whole blood (on EDTA) was analyzed for reticulocytes,
hemoglobin, and total red blood celis.

25 Results:

The results from this study are presented in Figures 71 and 72. The results
from this study indicate that the dynamic responses (patterns of rise in hemoglobin
and red blood cells) over the 4 week study period are similar after the dosing

-regimens of 50 IU/kg/day and 600 TU/kg/week in immunosuppressed or non-
30  immunosuppressed dogs.
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in a patient, such as serum EPO concentration. The practitioner can use the
syst ens ngi)ﬂ’z D esent invention to acconplish this result. Alternatively,
the practi oW ey  want a specific phar macodynhiiDEC BBIREEESA0A26381 i ent |
such as a specific increase in henoglobin |evels. The practitioner can use
the systens of the present invention to 10 determ ne whi ch EPO dosage

regi men wl p | RV ' e : er

napect. tnExsmipIE BFPRYED MoPELAG ti RERIVPINANT AT ed AER

phar macoki IEHREEIVIANIRSIN SCIPOSE ADMINISTRATIONS B¢ MALErom a speci fic EPO
dosage regi Agai 1 h itioner wwll be able to use the PK/ PD

nodel s of @OMQMPSMS%% to make this determ nation. 15 Exanple 7:

| MMUNOGENI %Bgctﬂ%sEPO I N DOGS DURI NG ONE- MONTH DOSI NG REA MENS Thi s st udy
was desi gnecP 0 eval uate the i munogenicity of EPO fornulations. in

[ nununoguppressqﬂeggfbogggf%g&?%ﬁﬁg? I?nﬁﬁﬂ%fﬂf’e@éﬁﬁf:wynam cs

20 and pharmacoki neti’c profi at'i ons were am ned.

Reggl at 08 y itcention mm;mmnﬂiaﬁlgmgﬂaﬂhmgigmieﬁm was not
conduct ed i apl iance. W e U n . .
Adm ni stra &&isé&%%#ﬁﬁ 8ﬁ§‘°¥°8?°d£§"‘i\&k‘]’ﬁ&°r Wﬁggqo%fﬁgﬁ?ig@?ﬂl%‘{'ﬁdi es (21
8FR, dPa:t g&)n(;s ﬁﬂilom:i_ﬁﬁﬁéwfaalhﬁﬁﬂ' u'mwaﬂ:\rBﬂTihgcl:; dbses aigd sugmgﬁ@ﬁﬁ?ﬁafl ijpabl e
ead standar rati ocC . Ani ma re an e: Aninmal studies
wer e condué‘l"e‘&‘ﬁ?gg%ﬁ?ée %@ﬁﬁ%&mW@elwmw%e Care and Use of
Laboratjgry Ani mal s", (Revised 1996) and the USDA "Laboratory Ani nmal

Wel fare Act, August 24, 1966, Pub.L.89-544 and 30 subsequent anendnents.
O ead Met/ Methedssn AaALAC accredited facili ty. Identification and Source

Ut and one 15" otAR gpafued funk oib sl prrlighed SRV AR ISESHAINOLTS, Fons
wer e st or e887649 ant08715e49 andRWIPBRI Study Nod DMBE ianh DM 24, Dec. 1999).
One study was a parallel group study performed in 12 male cynomolgus monkeys
15 (Sbi Study No 0876-49 and RWJPRI Study No. DM99146, Dec. 1999). Monkeys
were divided into 4 groups, one group being the control while the other three being
ixijected intravenously with 500, 2000 and 4000 IU/kg of EPREX®. Blood samples

were drawn predose and up to 48 hours for measuring rHuEpo concentrations. The

other study was a parallel group study done in 21 male cynomolgus monkeys which

20 were divided into 7 groups with 3 monkeys per group Sbi Study No. 0875-49 and
(RWIPRI Study No. DM99124, Dec. 19995. The control group received
subcutaneously sterile saline while the remaining six groups were administered 400,
1000, 2400, 5000, 20000 and 40000 IU/kg of EPREX® subcutaneously. Animals
were assigned so as to have a uniform body weight distribution across groups. Blood

25 gamples were drawn predose and at various times after administration up to day 28 for
rHuEpo concentrations as well as reticulocyte, erythrocyte and hemoglobin counts.
The mean data were used for this analysis.

‘Model: A schematic representation of the PK/PD model is depicted in Figure 73.
30 Pharmacokinetics: A 2-compartment model was chosen to account for the

polyexponentiality in the kinetic profiles upon IV administration. Non-

compartmental analysis indicated non-linearity in the kinetics, which was modeled
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not used on study. Unused fornulations were returned to RWPR foll ow ng

dosing or wigebspyed. Study Aninmals 10 Species St rain. Sex:
Mal e Source: Harlan Sprague Dawl ey, Inc. |ndi angopngG,an‘Fﬂﬁg‘%&%@% 1s
Age at Dosing: 8-9 nonths Target Weight at First Dosing: 9-12 kg

I dentification Method: Tattoo applied by animal supplier Nunber on Study:

18 (N = 3 deviry e Mithaelis- Mﬁlﬁ&idﬂgpdgﬂﬂﬁ Sng.KQ!tiBlJB lﬁ Migdef BNt 9roup

wi thin kennels in a dog holding ™ roomand accl |nate |ng and sanpl e
col l ection Wheramd)z@rewdadmmpga fractioprof theGlose ﬁﬂbwndaby\esh\\aﬂirsﬂ-mﬂat 5 days

prior to d t ne perjod, the
heal t h of gﬁﬁuanl ma sﬁ{aﬁ\/\t/g&se}g"g‘?ﬁ'é %@%wa@gﬁ%ﬂ]ﬁ“& t he

st udy/ col | esiniinistratéoi. GThe sixsingle $E dosewis weell as thegthres IV Id0sea iwege Fitddes S

necessary d heal t h,condi Kennel s were | abel ed th the animals’
and pr tocsg'?‘“#@m@@ WP@‘%{ Hl?tﬁlf‘ 2E0MmOP; s Af paramErers o c. GfFrBz‘Wélr

mai nt ai ned thedatd. f 3 Cwith a relative humdity of 50 f 15% and a 12-hour
light/dark cycl M&E}% s at least 10 roomair changes per hour. 86 WO
00/ 67776 j 1 DE niinloapations ysed;for madelingthedntraveneps kinetissweres t o Puri na
Certified Canine Diet(r) #5007 and water ad |ibitum when on study. Results
of food analay@l S i/certlfl ate of analysis provided by the 5 vendor) and
water anal ysts T ol 52 g’!fl'lVds"A <k @si4n+ kDméint . sel ected el enents,
heavy ﬁ?t al s and chl ori nated hydrocarbons) were maintained in the raw data

file. i"l-;l-;—--k120441.w—1¢:21-At

The SC data were modeled with the following equations:

dA
d” = ko(0— 71) + ku(t > 71) — Vmax-Ap/(xm-Vd+Ap) —kl20 Ap + k210 At
%akIZOAp—kM-At
where
ko=0 when t>n
kosF.(l-}Z).Dosef when 0<i1sT
k=0 when tsSn
and
k= kaOFOFrODoseoe-(ka°(t—r')) when t>1

15
Ap represents the amount of drug in the plasma while At represents the drug in

the peripheral compartment (i.e, tissue). The microconstants k12 and k21 are first
order rates of transfer between the central (plasma) and peripheral compartments.
Vmax and Km are the Michaelis-Menten constants representing the capacity of the

20  process and concentration at which one-half Vmax are reached. The Fr is the fraction
of the dose associated with the first-order pathway of absorption k1. The time period
(taul) for the zero-order input (ko) was fixed to 10 hours based on the data and initial
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contam nants were reasonably expected to be present in feed or water at

l evel s suffd gi/@mse tO interfere with the results éd;gmg
Justification of Dose and Species The dose was s E ased'Uon exr sting

data obtained fromformulations evaluated in prevrous studies. This study
was conducted in i munosuppressed and noni munosuppressed beagl e dogs to

eval uat e t hend, WeRgRAitsCdrd rafe oEBE30 @hrmlc&nuqa@nbeaﬂ ﬁ%s@ﬂ:&%@gﬁh@f' les of

two dosing regi nens, The numnber of that were used was the mni num

nunber necdQWastdose 409 BJ/ka)efotha sreptratrerky mpstmatmsmqboawdambgebt able in
t del o y d
Tor ' the corRRasEbtahacitE ook U AR eldnled 15EM onf kAP idies Bt Y UP°

studies to lr@ﬁ%forﬂgubm&nmgdomur rements. 20 St udy Design Summary Beagl e
dogs (NQ3 dog ro re ran to treatnent
groups. “On Day sé‘g B”B?é Qﬁ V\@@ﬂ? ?‘8’% s’é?@ﬂ dWQ PESCHEOE or al
dose of cycﬂenempuunéﬂﬁhmmmmi{fmm Wis uswﬁ:rtxﬁkrdtﬁngwps of dogs
received a Sar lé % mai ntenanc dose of cyclosporin (10 ng/ kg). Two dosing
regi mens wi amics,of EF I@W@@%MWQWW@%@M@WS%d and
noni mnos%@ﬁ&@ﬁn%gﬁofboﬁ*bm&ﬁﬁ &gh’&ﬂ&t@”ﬁlﬂﬁﬂ epteSentEtie ZefyM Ni St er ed

subcut aneously (so) el ther dail nat ed tines over a

four - week (PEder pepduptioryatensiepll l}t/l\lrﬁeTleaQﬂdTalaeemfor ifespapecofthen site was
noni t orgd Jekduloc %ﬁ%@’bﬁ“@d%&s obt ai ned weekly. Dogs were 30 euthanized
C

or donat ed to an her resear institute followng the [ast collections.
Prepar ati on and Thebaseline riiByiconeenBatians Abré ssswhediol berzerdind HenBd'thdD 00/ 67776

1 1 DEC 20 0 29 Test. f re initiall ni st ered
to the dogg’gﬁaﬁ Rﬁsﬁgfégg“f]aﬂ?’eg’vﬂg?y% a}IRAIQﬁ(il W‘%‘f‘ﬁ FWWéPédgam ni stered
at the vol wmnﬂimqsui-pdiehw&efahﬁyllb%i owing table. Dose were drawn-up into a
syringe fitted with appropriate gauge needle. The 5 SC dose was

adni ni st er -.~ko-t(oesaorwa))-ue@(rormepﬂ))-solt«se-wnengd(wsa-r:rprorrpzon)»iosr ng
and rrarlléed €%ith indelible ink

where the stimulation function is given by the Hill equation, with gamma fixed to 1.

Smax e (ero)y

S@) =
SCy? +(Caroy

The reticulocyte numbers after administration of the six dose levels of
EPREX® were fitted to the above equation to get a single set of dynamic parameters
20  characterizing the data across all the doses. The parameters for the kinetic model
were fixed and used as the forcing function for the dynamics. The predose
reticulocyte counts wers fixed to be the steady-state baseline values.
The dynamic parameters obtained from the reticulocyte fittings were used to
simulate the RBC numbers and hemoglobin levels for all the doses. The 48 hour RBC
25  count was used as the baseline while the hemoglobin content per cell was fixed for
each group from the ratio of the predose hemoglobin count to the predose total
number of cells (RBC + reticulocytes) for that group.
The differential equations used for simulation purposes were as follows:

92



| nununo- EPO Vol une Dose G oupTreat nent ssuppres_s'FdDose _ L S
(m./ kg) Freovooowfiosit e (1 U kg) | EFREX* Yes5025' Dai 2 Y SC
3EPREI COYes60060Weekl ySc 4EPREX' No60060Week| ySC %ﬁ#ﬁgﬁmg@% ySC
6Sal i neNoNA6OWeekl ySc 1Based on EPREX(r) fornul ation containing 2000 M
EPOQ'nmL. 10 2Based on EPRE a formulation containing 10,000 U EPOQ nL. NA
i ndi cates nmcapzl l qM(&rm»v@s@.nml_@m,»_Col | ectyi on, and Processing
Dogs and injgetf B %”'ﬂﬁ'mr'@fﬂ?u%wﬁg"%“# -%YTR%S ormal appear ance or

15 behavi or was noted and eval uat dy wei éhts we recorded once
weekly. At Hgsi BhadRBQrRMRIY tine points (see below), approximtely 2 ni
of blood were collected via the jugular vein into heparinized

Vacut ai ner 3#€SBM8% on Di cki nson, Franklin Lakes, NJ). In case of jugul ar

)
e e DAoL el B T SRR [T o,
was used t admimisteationpbfitwmee. si@leiﬁﬁawfgs&%efﬁrfgggdsv'\lgg;e F??QSW df oE 1500
shi'prent . SuieREr B EY ouRa B 1iged 5115 ThasBp tomputBeskin modelondar y
{)/1388'? aicglalr guf:h ﬂ({h—lﬁﬁiﬂdﬁ%ﬁiﬁfxﬂoﬁl obt aj nltlag!l ﬁd%ﬁhﬂgﬁﬁﬁ% Ifgﬁgagl :c ed on
ice. The S@E?ﬁa%l °B&?%&M\B§§“§PWEJP“@P‘ doge seoms t%bg]ésl'@b’ood and used
for overestimated. A high Km value was estimated which indicates that the non-linearity
10  indisposition is mild and would be prominent only at high doses. The central volume

of distribution Vd was estimated to 57 ml/kg, which is close to the blood volume. For

the SC administrations, the bioavailability substantially increased with dose with the

lowest dose showing a bioavailability of 26.8% and the next higher dose 73%. The

lowest dose has a slightly different ka value compared to the rest of the doses. It can

15 be inferred from the parameter estimates that a major fraction of the bioavailable dose
follows the slow first-order pathway. The zero-order route of entry seems to be fast
and accounts for a smaller fraction (35.5%) of the bioavailable dose.

The reticulocyte fittings are shown in Figures 76a, 76b, and 77 lists the
pharmacodynamic parameters estimated. The lag time which is accounted for by the

20  second precursor compartment TP2 was small (~15 hr). The estimated reticulocyte
lifespan was close to 6 days. The Smax, which signifies the maximum possible
increase in production rate, was 3.133 whereas a high SCs, value of 842.5 IU/L was

- estimated. Figures 78a and 78b show the simulations for the RBC numbers and
Figures 79a and 79b are simulations for the hemoglobin response.

25 Figure 80 shows the pharmacodynamic parameters obtained after
administration of EPREX® in healthy humans. The pharmacokinetic model was
simplified from a 2-compartment to a 1-compartment model based on the IV

.concentration-time profiles. The pharmacodynamic model was extended by
employing control of cell production by endogenous EPO levels and an extra

30  component accounting for the body’s natural feedback mechanism was also included
(Figure 81). This was done by assuming that reticulocytes cause a feedback inhibition
of their own production by reducing the production rate of the earliest cells
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reticul ocyte, henoglobin, and total red blood cell neasurenents. Prinary
Bl ood Col | ' I me Points: Goups 1 & 2 (daily EPREX(r)Jn , 1
8, 12, 16 %6%7'{-5 on Days 1 and 28, and predosi%@ﬁ%&é’é %fwgg,o(agzb,sﬁﬂ,
and 24. 10 Groups 3-6 (weekly EPREX(r) or saline): Predose, 1, 3, 8, 12,
24, 48, 72, and 96 h on Days 1 and 22, and predose on Days 7 and 14.

fsﬁ(r:lg'??g;y Mﬁn@m ?P?%Jb'{ﬁnﬁlsgwlse CS%PIGI@I on, gl lvl\le% eut hanl zed

wi t h an i nthoumsdonthis inhibitivnde take effesthi emﬂumtlmhmmé&l& mnilgmhe&;hllor donat ed

19, %50 "5) AR Becakidd drand bhactiaidSRarnic pERRRr RN NP o s ol s
Werle coIdI fegﬁaﬂteywacrﬁlagmiaﬁse Msﬁhnt&h&gdgip:ﬂfmﬂt Nfsspan phi;agtdetbgfgm v Zﬁ) vvas

ze u S i S.
Roul 13 iU bafwesn ds penies. The Semid BF SCNvERes soom o it botwesng 72
The 1 estl t spediéa0Bithis i Bt s Wﬂﬁ%&dtohﬂxbléch? ofidiMirGegiRRANGAS (patterns

rise in henpglobin and red blood cells) over the 4 week study period
are siml a&aeﬁmeﬁppn@lmnﬂgsm@gmlsfow womﬁktgpa@tmmm;n | U kg/ week
I n |rrrrunosg,88;f‘§ssed or non 30 i munosuppressed dogs. 89 WD 00/67776 $ 1 DEC
2003 PCT/ U 2629 Exanple 8: PK/ PD MODELI NG OF RECOVBI NANT HUMAN EPO
AFTER THREE |V AND SI X SC DOSE ADM NI STRATI ONS | N MALE CYNOMOLGUS MONKEYS
Qoj ect i §es:

‘Discussion:

Pharmacokinetics: Upon IV administration, the kinetics followed a
biexponential decline, which was captured using a two-compartment model with non-
linear disposition. The primary site of action of rHuEpo is the bone marrow, which is
a highly perfused tissue, and so the peripheral compartment in the model may only
15  represent some non-specific binding of rtHuEpo. The terminal phase for the lowest

dose was overestimated which could be due to unavailebility of concentration

measurements for the later time points or possibly a different kinetic behavior in the

range of this dose. Similar to humans, the estimated Vd was very close to the blood

volume in monkeys, and the kinetics were mildly non-linear as indicated by the high
20 Km value.

After SC administration, the peak concentrations of rHuEpo were attained
within one day and rHuBpo remained in circulation for a much longer time compared
to that after IV administration due to the occurrence of the flip-flop phenomenon with
ka governing the terminal phase. These data patterns were acceptably captured using

25  amultiphase absorption model. The initial concentrations for the highest SC dose
were slightly overestimated. However, this should be acceptable considering the fact
that a single set of parameters was used to describe all the dose levels. Our dual
absorption kinetic model can be used to explain the different pathways for absorption

- of the drug from the SC site. The rapid zero-order input of a part of the dose may be

30 explained by a direct entry via blood vessels in the subcutaneous site to the blood. On

the other hand, another fraction of the dose can be assumed to enter the lymphatics
and undergo a slow process of first-order absorption from the lymph to the blood.

This would also explain the 10-hour time lag for start of the first order absorption.
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5 The purpose of this study was to utilize the 'PK/PD nodel of the present
I nvention to characterize the pharmacokinetics (PK) and phar nacodynam cs
(PD) prof weeo/emre HuEpo in terms of increased refipBll 20y twyr/o@@nk00d cell
and henogl obin counts in blood after 1V admi nistration of three single
doses and SC adm nistration of six single doses of rHuEpo (EPREX(r)) in
mal e cynonol gus rm_nke&;. 10 Methods: Data were obtained fromtwo studies

[

per f or ned bSherbioavilabilgyiincoeaged with doeaing was 16076 fasitsesisf 2400 T¥kprmd St udy Nos
D\VB9146 and,; 9 ‘ ﬁ@@ . 2 r el .qr.0 st udy

per f or med ﬁ'\% #g‘?g cygl%arlréﬁ%gémr’rlon {@5@&%{%&1@ é‘%ﬁk‘“&%‘gd!‘ d RWPRI
St udy No. [inf8heMed d¥imilariidéid)of indreasing dioawsitabilily with didse. IHowevegumliReé, one
group being_the,control ile the oth hree bein i nj ected.intravenously
o Th 500, " I Rpoishen oo Gepde ikt S aiabitachon ¢ e dosbdn e Bbsorkedrs fhenn

pr edose sanceitidorder phthwudiin humans, measuri ng r HUEpo concentrations. The ot her
study was a parallel group study done in 21 male cynonol gus nonkeys which

20 were divided into 7 groups with 3 nonkeys per group Sbi Study No.
0875-49 and (R\Maﬁ’ﬁhacspﬁ%i&l‘? %Mﬁ‘}l%@yte%se ; risink WitliR 38 HobrsHn@UP

recei ved subcut aneous sterile saline _the reraining si X groups were
adni ni st er #gaked@rounddQciaypafeo whihobey otedcirenping/mdoethineld go baselHRREX( r )

subcut aneo ' S I ) have.a .uni.f orm.body wei ght
di stributi g%JegstPQZSU SJ%%'OQB)Q&%‘%@‘%‘%%@%?@ t&%?%m%}%ﬁr{ﬂf)f‘%tﬁyse *and at

vari ousiot i rSémulafiomsrin Figures 78a; Z8bi, 39n and 79b skisw thdBthe eeticulocfedynanitseai r at i ons
as well as,reticulocyte ryt hrocyt.e henogl obi ounts. ., The nmean data
wer e used fb8feqdﬁy§se£¥fg|p§;§1§c§¥§ ng‘ﬁg ?Wﬂg?sgmbf’b?f"ﬁ‘ﬁthe'PK/ PD
model is depi ct dHe exactingdé 6f abtion oBérylRRsPoiMiRAK itiBhdt Fslly vinderstodD Aeent  nodel

was chosen t,o account for_the ol yexponentiality in the kinetic profiles
upon |V adm?"é‘PPBH.rﬁ WFE%%W&F&F‘“&H&P?Q?@QPfﬂhf?f&P%Ofﬂﬂﬁb’l i nearity

0 the Ki N kgehitor Ul NIRRT B by AR AR K4IE B buerfliyd G Bl USCY 12629

usi ng the C i s- Menten di sposition function. absorption kinetic

nodel Wi t ftha eryzhspppictiny astsondthe diffepentiated exytiroblasts aswell (Kusntz@oak, f ol | owed by
as L?m f L:}i?ﬂ{éé‘é{sgg iagg tle ributkdish &f2PthrR6dsis) £570, THE'ULReeif P Ehftapg © * e
Press). This school of thought has led to the proposal that rHuEpo acts on the mature
erythroblasts to give rise to an early 24-hour reticulocyte response followed by a
macrocytosis due to an additional effect on normoblasts. Based on this theory, we
20 developed the mechanistic caténary-aging model with rHuEpo stimulation occurring
at two precursor cell populations, which might represent the erythroblasts and the
earlier progenitor cells.
Erythroblasts are known to undergo 2 to 5 cell divisions with a mean
maturation or turnover time of 11 to 48 hours depending on the species (Jd., Aplen et
25 al., 1959, Ann. N.Y. Acad. Sci., 77:753, Osgood, E., 1954, Blood, 9:1141, and Fliedner
et al., 1959, Acta. Haematol,, 22:65). Our model predicts that there is an 15 hr lag
time before the newly produced reticulocytes are actually released into circulation,
and this reflects the erythroblast maturation time.
The estimated reticulocyte lifespan is 6 days. In humans, the normal lifespan
30 of cells in the reticulocyte stage is around 3.5 days in the marrow and 1 to 2 days in
the blood (Hillman et al., 1967, Sem. Haematol., 4(4): 327). However, in animal
models of severe anemia, it has been demonstrated that the marrow reticulocyte pool
is shifted to the circulation (/d., and Bessis et al., 1973, Living blood cells and their
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adm nistration. The six single SC doses as well as the three |V doses were
fitted 5 sinmultaneously to this nodel to obtain a common set of parameters
to charact ewiomeemi7zs the data. The differential 1elgDECi2003s WSB%)“?%' i ng
the intravenous kinetics were: p =-VmaxApl (KnvVd+Ap) - kl 2Ap+k .
=k12Ap- k21At dt The SC data were nodeled with the foll ow ng equations: dAp
=ko(0-r 1) +kl (t>rj)-VmaxAp/ (Knvd+Ap) - k| 2Ap+k21At dt dAt - k12Ap-k21At dt
wher e ko=0 ulmmmatare, k’eﬂafNBderla‘IMdewﬁgiBeﬂﬁi)STl‘hese'aﬁsplﬁced:mgnaﬁd

-(ka(t-ri)) Dosee ent 5ri whept >rn Ap represents the
anount of dFeﬁF ?Vt%'éf‘i)}‘& °A¥hﬂpéﬂf@%‘é¢ﬂ°§l°!=ﬁ@s tornrgduca thed 1

peri pher al &r9tHPGoytesE @ | t Bia t an 21 are
first order ratey'g o:ﬁe’[‘]&gg,sef cenrlﬁ:lei %}éhr? ?E?vcegétfrﬂgwo?asna éﬁ% peri pheral
conpar t ment estimatadchy tammodehreﬂueﬁstheesmaﬂthemaauaﬂantmsmmm andpr esent i ng
the capagity the 20 process and concentration at which one-half Vmax are
reached.” The Fr is the fraction of the dose associated with the '

first-order pat hitvhgs tosfen aéysopteg tin literdtire Tt iri hureangcit takes adévatc?hé of@ﬂ?she ol
Sir o-order ngﬁj ery‘hro)d p\’1\'Igl¢;°‘ur.~}colr)t(oe g:rmoa ucqucuyrtes mb g r%g.rrgg etz e%z? s?tzra nitia
This time actually reflects the sum of the times a cell spends in the P1 and P2

compartments, which was estimated to be 85 hours.

10 In conclusion, the tHuEPO kinetics and dynamics seems to be fairly similar
across species (monkey and human) and the models of the present invention can well
approximate the kinetics and dynamics of tHuBpo effects and gives realistic estimates
of the cell aging time parameters.

Various modifications and variations of the described examples and systems

15 ofthe invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embbdiments
Indeed, various modifications of the described modes for carrying out the invention

20  which are obvious to those slulled in related fields are intended to be within the scope
of the following claims.
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WO 00/ 67776 1 1 DEC 2003 PCT/ US00/ 12629 runs. A single first-order rate of
absorption ka. coul d describe all the doses except the |owest dose (400

| W kg) for which a separate ka was estinmated. The bioavailability F
appeared to change with dose and was estimted for the | owest 1t,yng@Icms and
fixed to 100%for the remai ning doses. 5 The catenary agi ng

phar macodynam ¢ nodel (Figure 73) with two precursor cell conpartnents
having different |ifespans was used for nodeling the pharmcodynan cs of
EPREXO.  Sti myeadlaign of production was assunmed to occur at the production
rates of both precursor conpartnents. The kO represents the zero order
production rate o ! ‘ f L fespans of the
10 reti cul oc?)ie a%‘(fﬁ ?‘éﬁéﬁﬁwggﬁﬁ%@@mﬁ%% ?gggﬁﬁﬁi’ég@ Ac%eﬁggél)t rations

wer e assurredﬁﬁmge dzero.and hence tBet basel.i n&Freti&s‘Jl ocyte | evel was

gi ven by kO TR THREVEFFISIPEPISP aFtent COMPULRYIESEPS @Kt i nati on pur poses
were as follows: 7 =kO.((1+S(t -TP2)) 9
(1+S(t-TP1-TP2))-(1+S(t-TP2-Ta))+(1+S(t -TP1-TP2-T,P))) 15 where the
stimulatign function is given by the H || equatjon, with gamma fixed to 1.
S(t) = S Pax (Czﬁg)Y choesing one prmprs EPOrdrsagetegimenscyt e nunbers after

adm ni stration of the six dose levels of EPREX(r) were fitted to the above
equation to get a®i nghsngephasmaepkingtic/oharmesedynamic maled toadetesméng theng t he
data across all the doses. The paraneters for the kinetic nodel were fixed
and used as the fphasmaepdynsmicipoefilt of saihenecyrmzore ERO dbsageregicthess; and

reticul ocyte counts were fixed to be the steady-state baseline values. The
dynami ¢ par amet er &) obt selevtidg §aid on¢ tremore BPOUd03agd regitriehs tHagprovidegaidsed t o
simul ate the RBC nunbers and henogl obin levels for all the doses. The 48
hour RBC 25 coundesived phgfdcatynbmii rbspoadel baseddl daRl pHAemARAPEEINB pFofi@nt ent
per cell was fixed for each group fromthe ratio of the predose henogl obin
count tojphe predose total nunber of cells.(RBC + reticul ocytes) for that
group. The differential equations used for sinulation purposes were as

foll ows: 2. A method for obtaining optimized EPO dosage regimens for a desired

pharmacodynamic response in a patient comprising the steps of:

(a)  selecting one or more desired pharmacodynamic responses;

15 (b)  using a pharmacokinetic /pharmacodynamic model to determine EPO
dosage regimens that provides said desired one or more pharmacodynamic
responses; and
(c)  selecting the one or more EPO dosage regimens that provide said desired
pharmacodynamic responses.

20

3. A method for predicting a pharmacodynamic response in a patient to

subcutaneous EPO administration comprising the steps of®

(a) selecting EPO dose and dosage regimens; and
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92 WD 00/67776 1.1 DEC 2003 PCT/ USOQ 12629 dRBC =kQ

(1+S(t-TP2-Ta)) (1+S(t-TPI -TP2-TR)) dt ((1+S(t-TP2-TR- T

ac)) (1+S(t-TP1-TP2-TR-TRac))) | Hb, = Hb." (RBC, +A)) Resulii: F'@ﬁyre
74 shows the fittings for the rHuEpo concentration-tine profil 5
adm nistrations of three single intravenous doses and six single SC doses
of EPREX(r). The paraneters obtained are listed in Figure 75. The two
conpartnent kinetig nodel wth non-linear disposition could adequately
capture the nul ti Qﬁasi etexmiping spid pharmagedynamicresnensaybasedhen said doseahdphase
for the | owest dose seens to be slightly overestimted. A high Kmvalue
was estinmated whi GASERAEREEMENSS t hat the non-linearity 10 in di sposition is
mld and woul d be prom nent only at high doses. The central volune of
distribution Vd.was estimated to 57 nil/ kg, which is close to the bl ood
volume. For the SC adm nistrations, the bioavailability substantially

i ncreased wi #h doThe miethodtotfielainhly@5 and3) sehereitovdid ghadmbé cdguahicabipohdeVis Of

26. 8% and the next higher dose 73% The |owest dose has a slightly

htl
di f f er ent 5 ka seledtedfremilagop tehsistig bESéhafe fntAMRIR nubibef a'th qﬂé erred
fromthe paranmeter estinmates that %1 maj oréf raction ofnuk!Lg 'bi 0a aciqﬁa e dose

follows the ah@ber hidd cHahgein HRATBIMBIN ledie zero-order route of entry seens
to be fast and accounts for a simaller fraction (35.5% of the bioavail able

dose. The reticulocyte fittings are shown in Figures 76a, 76b, and 77 lists
t he pharmacodynam c paraneters estimated. The lag tinme which is accounted

for by the 0 se r rtopent .TP2 smal | (15 hr). The
esti mat ed re? i cul g§§ e@@?@éﬁ%ﬁ‘aﬁg‘?’ﬁ@ﬁ megicamgnt for ac{%l‘@“ﬁ%’&ﬁ,ﬁ%i ch
signifies the maxi num possi,bl e increase in oduction rate, was 3. 133
whereas a hi § cog&g}é\f‘aﬁ%&g?eg%%%ﬁ .rgl‘F‘WEh‘?/\B%thgéSgﬁeiFﬁf‘%?heFF%jﬂi‘FEQOWB‘aSl&&d 78b
show t he ﬁi mfi{?agi onfc,. for the RBC nunbers and Figures 79a and 79b are
simul ati ks FE5tPR8 henpgl obin response. 25 Figure 80 shows the
phai macodynam ¢ paraneters obtained after adm nistration of EPREXe in
heal t hy humans. phieleetibg RReRitmereidesiterd pharmacedympmic fespbnespm a
2-conmpartnment to a l-conpartnent nodel based on the N concentration-tine
profiles. The phattacoejrsapharmecdkinetia/sharmpeotyesmisymodel to determine EPO

dosage regimen that provides said desired one or more pharmacodynamic

responses;

15 (©) selecting said one or more EPO dosage regimens that provides said

desired pharmacodynamic responses; and

(d)  administering said selected EPO dosage regimen to a patient.

6. The use of claim 5, wherein said pharmacodynamic responses are selected from
20  the group consisting of changes in reticulocyte number, changes in RBC number, and

changes in hemoglobin level.

7. A method for obtaining optimized EPO dosage regimens for a desired

pharmacokinetic response in a patient comprising the steps of:
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enpl oyi ng control of cell production by endogenous EPO | evel s and an extra
30 conponent accounting for the body's natural feedback nmechani smwas al so
included (Figure 81). This was done by assum ng that reticul ocyieECC2UFE a
f eedback inhibition of their own production by reducing the production
rate of the earliest cells 93 WD 00/67776 1 1 DEC 2003 PCT/ US00/ 12629 5
represented by the Pl conpartnent. It was al so assuned that it takes a tine
of TPO hours for this inhibition to take effect. The inhibition was

nodel ed using the H Il function. A conparison of the pharmcodynan c
paraneter estimates between nonkeys and humans shows that the conpartnent
| i fespan par amet ef® ar ehapsing one prmprerERQ dosegaireginesns; speci es. The Smax and
the SC50 val ues seemto differ between species, but this mght be due to

t he added conpl ex(k)y otsingapharmacakinstiatplarmasodynaods sloteleo Bplerminadent r at i ons
in the nodel for rHuEpo effects on reticulocytes in human. 10 Di scussi on:
Phar macoki net i es: phipmacdkirediciprofile oBsaidone drimeork ERGtdossgelrogimene dnd

bi exponential decline, which was captured using a two-conpartnment nodel

Wi th non-51inear (b)sposdléctiag theldne op kiofPERO dbiage Bdpiraérsithd? pedvidddafddesir&d t he
bone marrow, which is a highly pmfused tissue, and so the peripheral
conpar t ment i n t hgharmdedkinene r@dibbi{sefb'isefd%rsﬁﬁgihhnﬁdéa@in&%réﬁﬁpi fic binding of
r HuEpo. The term nal phase for the | owest ose was overestinmated which
could be due to.unavailability of concentration neasurenents for the |later
time points or possibly a different kinetic behavior in the range of this

dose. Simlag to | (At s verv.close to the bl ood

vol une in nogkeys'?‘qgﬁgéq f?yagtlaﬁ‘g‘ﬁ %)?u&gerdﬁ#\?&ﬁage Wéﬁg?”isigaar&ﬁgecrndi cated by
the high 20 _Kmvalue.. After SC adm nistration, the peak concentrations of
r HUEpo wer e B{‘(atrg’iaﬁoé%net\ﬁ/ir?ﬁwﬂsedﬂépagi}“8%”?%‘-‘%%58 ®RH%% ned in circulation for
a nuch | (gger time conpared to that after IV admnistration due to the
occurren of the flip-flop phenonmenon with" ka governing the term nal
phase. These data, patferns were acceptably captured using 25 a multiphase
absor pti on rodel . (&hselefting ong or e desired phésmacqkinetic espansgfiest SC dose were
slightly overestinated. However, this should be acceptable considering the
f act (b) using a pharmacokinetic/pharmacodynamic model to determine EPO dosage

regimens that provide said desired one or more pharmacokinetic responses; and

(c) selecting one or more EPO dosage regimens that provide said desired

15 pharmacokinetic responses,

9. The method of claims 7 and 8, wherein said pharmacokinetic response is
selected from the group consisting of a change in serum EPO levels, a change in
bioavailablity, and a change in threshold level.

20
10,  Use of EPO for the manufacture of a medicament for administering EPO
according to a selected dosage regimen, the method of selecting the regimen comprising
the steps of! |

(a)  choosing one or more EPO dosage regimens;
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that a single set of parameters was used to describe all the dose |evels.
Qur dual absorption kinetic nodel can be used to explain the different
pat hways for absorption of the drug fromthe SC site. The rapi4¢l428Co283 der
i nput of "a part of the dose nay be 30 explained by a direct entry via bl ood
vessel s in the subcutaneous site to the blood. On the other hand, another
fraction of the dose can be assuned to enter the |ynphatics and undergo a
sl ow process of figst-or.der bsorpt.ion fromthe |ynph to the hlood. This
woul d al so expl ai K heUsiB8 ﬁBE?‘m'{aF‘ﬂ%nqt'é@ prEpacedppmiGmode] do detprming thger
absorption. 94 WO 00/67776 1 1 DEC 2003 PCT/ USOJ 12629 The bi oavail ability
i ncreased with do® %@%m@lﬁ&fsaég@w@mrzmlregr/m@s;and hi gher. This
some dual absorption nodel well characterized the SC kinetics in human and
showed a simlar {®endsedéctingsaid EPChdpshgeraginiensithiat proyides ¢ Hesitede. However ,
unlike in nonkeys, the nodel predicted a major fraction of the dose to be
absorbed via the Pharemcedynemic mspohyebasédion rmiYodyiasioPydfaéiang: The
reticul ocyte counts started rising within 48 hours and peaked around 10
days aftes which tdyey adinistsi rs@mpma@sagbkgmrwgpwerﬁase' ine levels by
20 days. Qur catenary-aging nodel seens to characterize the data well. 10
Simul ations in Figures 78a, 78b, 79a and 79b show that the reticul ocyte
dynam cs can be readily used to predict the change in RBC nunbers as well
as henogl obi pycou ] ' =Yy i Tan I r lsefdin is still
11C0UThS use c%?&?auﬁ%‘ 3Ghd 8 dfhePdin ?4{& ?ﬁﬂd@%@er@/g?é@ﬁgﬁgﬁ&

not fully understood. The primary action o to be

stimul ation ; j i f ogepitpr.cells. However, there
s ovi dence PummerRieiRo B 2B solefhd komRhEBEb bELEGSopt IR, o1
acts on the gigefergqﬁt’]i ated er throgl as(ﬁs as vveléj (Kreﬁntz et al.,
Eryt hr opoi et PR hd ' h & Sy TV CITFest 2BY 9R4T S deWveet§70, The University of
Chi cago ﬁress). This school of thought has led to the proposal that rHuEpo
acts on the mature erythroblasts to give rise to an early 24-hour
reticulocyte response followed by a nacrocytosis due to an additional
ef fect on noffobl 8¢ methad ofelaigs 1.1 3, T.randByor theuse of elaires Handdl 0, wderein
mechani stic catenary-aging nodel with rHuEpo stinulation occurring at two
precursor ceﬁﬂldpﬁimtﬁtf?%g?mMBmh.m ght represent the erythroblasts and the
earlier progenitor cells. Erythroblasts are known to undergo 2 to 5 cell
divisions with a nean maturation or turnover tinme of 11 to 48 hours
dependi ng on the species (ld., Aplen et :

13.  The method or use of claim 12, wherein said anemia comprises EPO

15 concentration related anemia.

14, | The method or use of claim 12, wherein said anemia comprises end-stage renal

or renal failure related anemia.

20 15,  The method or use of claim 12, wherein said anemia comprises cancer

chemotherapy related anemia.

16.  The method or use of claim 12, wherein said anemia comprises AIDS drug

therapy related anemia.
100



25 al ., 1959, Ann. N. Y. Acad. Sci., 77:753, Osgood, E., 1954, Blood, 9:1141,
and Fliedner et al., 1959, Acta. Haematol., 22:65). Qur nodel predicts that
there is an 15 hr lag time before the newly produced reticuloqyfgg qg?
actually released into circulation, and this reflects the erythro Fa
maturation tinme. The estimated reticulocyte |ifespan is 6 days. |In humans,
the normal |ifespan 30 of cells in the reticulocyte stage is around 3.5
days in the marrow and 1 to:-2 days in the blood (Hllman et al., 1967,
Sem Haematol., 4(4): 327). However, in animal nodels of severe anem a, it
has been demgnstrated that the marrow reticul ocyte pool is shifted to the
circulation (/d., Tanamethodar yseef chaim 12; wherein said angmis eomprises drug related hei r 95
WO 00/67776 1 1 DEC 2003 PCT/ US00/ 12629 ultrastructure, Verlag Now

Yor k- Hei del béngmBer| i n). These di splaced marrow reticul ocytes take up to 3
days | onger than normal reticulocytes to produce erythrocytes. Hence we
coul d expect that the average lifespan of reticulocytes estimated by our
nodel reflects the sumof the maturation times in the marrow-and 5 bl ood.

It has be&n rn8por Themethodior @sebfiEl@in mtwﬁcfbirhmﬂﬁxF i4 deldctddgFortheqySiprge of 5
days for an erythroid precursor to forma reticulocyte in the marrow

(Krantz et alonsisiiplofisplatifaid Zilowidaset ual |y reflects the sumof the tines a
cell spends in the P 1 and P2 conpartnents, which was estinated to be 85

hours. 10 In conclusion, the rHUEPO ki netics and dynam cs seens to be
fairly simlar across species (nonkey and human) and the nodels of the

present inveRli on Iyl o J he ki i i¢s of rHuEpo
effects and g?ves@§§1°:‘@td iogclggﬁﬁ;%g? ’%‘84 Qt%zf’éc]‘gﬁ%|°g§‘aﬁﬂsg5 g‘ﬁ:@p&g?ﬂ&ters.
Vari ous nodi fi.ﬁatti.on e%@d var i a&:lons ff he descii bed exanpl es and systens
15 of the i nd&RPFEAT B YRCCIFRING AR QEONS FANSTURRLPTIOk {9 SWEBFTYn the art wi t hout
departi nﬂofromthe scope and spirit of the invention. Al though the

i nvention“has been described in connection with specific preferred
enbodi nents, it shoul d be understood that the invention as clainmed should

not be undul $01 i nithemethod ofi elaimpbed 81 % andbaithase or claimafoend 10, whersins

modi fications of the described nodes for carrying out the invention 20
whi ch are ob%#16 patiandisiraenyering frpmadlogeni¢ bangmeatrow tednsplantr e i nt ended to be
wi thin the scope '

21.  The method of claims 1, 2, 3, 7, and 8, or the use or claims 5 and 10, wherein

15  said patient is afflicted with rheumatoid arthritis.

22.  The method of claims 1, 2, 3, 7, and 8, or the use or claims 5 and 10, wherein

said dosage regimens are subcutaneous dosage regimens.

20 23, A system for selecting an optimal EPO dosage regimens for a patient using a

pharmacokinetic/pharmacodynamic model comprising:
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of the followng claims. 96 | | OEC 2003 W claim 1. A nmethod for

obt ai ning' optim zed EPO dosage regi nens for a desired pharnmacodynam c
response in a patient conprising the steps of 5 (a) choosing one or e
EPO dosage regi mens; (b) using a pharmacoki neti c/ phar macodynantd Bﬁfd%t 0
determine the pharmacodynanic profile of said one or nore EPO dosage

regi mens; and (c) selecting said one or nore EPO dosage regi nens that
provi de said desired pharmacodynam c response based on said

phar macodynami ¢ pr(ef i | e pro€sr thiat iseohtoel ledan acrotdance with @ pétiof pogeantPO dosage
regi mens for a desired pharnacodynam c response in a patient conprising the
steps of: (a) sel dastivetjonsthataietenming titbestépsaniplehRnte@bpeyidan c responses; 15
(b) using a pharnacokinetic /pharnmacodynam ¢ nodel to determ ne EPO dosage

regi mens that provhdffacoRingticlipfrmeshdoneniomodel € phar macodynani c responses;
and (c) selecting the one or nore EPO dosage regi nens that provide said

desired phar Mmcody9am fmEReRBIR todlidhrodsdBRlRMnl firy RigeHlk td A0

phar macodynam c response in patient to subcutaneous mnistration

conpri si n% t he st%}é%fg{n:in;tg)cﬁéﬁlaﬁg%ﬁgﬁgﬁsqsg&)ggsﬁgq dosage regi nens; and

97 | 1 DEC 2003 ( ermning sa armacodynam c response based on said

dose and dosage rgqj . Th od o | ai 1, 2, and 3, wherein

sai d phar mcodynarﬁ%@%ﬁ@%ﬂ@%@%@?ﬂdﬂWhe group consisting of a

change in reticul gcyte nunber,.a chan i n,RBC nunber,, and change in

hermgl obin Tevel . &)  USGISES intebiaRs, SPURILIo se BFosetsan sug el INemnes2aan Pebr

adm ni stering EPO . o, " .
user to input parameters used by said pharmacokinetic/pharmacodynamic model,

10 24,  The system of claim 23, wherein said pharmacodynamic response is selected
from the group consisting of a change in reticulocyte number, a change in RBC number,

and a change in hemoglobin level.

25.  The system of claim 23, wherein said patient suffers from anemia.

15
26.  The system of claim 25, wherein said anemia comprises EPO concentration

related anemia.

27.  The system of claim 25, wherein said anemia comprises end-stage renal or renal

20 failure related anemia.

28.  The system of claim 25, wherein said anemia comprises cancer chemotherapy

related anemia.
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according to a sel ected dosage regi nen, the nmethod of selecting the reginen
conprising 10 the steps of (a) selecting one or nore desired

phar macodynam c responses; (b) using a pharnacoki neti c/ phar macddly DECi 2003
nodel to determ ne EPO dosage regi nen that provides said desired one or
nore pharmacodynam ¢ responses; 15 (c) selecting said one or nore EPO
dosage regi nens that provides said desired pharmacodynam c responses; and
(d) administering said sel ected EPO dosage regimen to a patient. 6. The use
of claimb5, wWfereilhesustem oficleinadhdyhesin said ewqpuiasemmprisee AIDSeltugettiefappm 20
the group consisting of changes in reticul ocyte nunber, changes in RBC
nunber, and relatedgeemian henogl obin level. 7. A nethod for obtaining

optim zed EPO dosage reginens for a desired pharnacokinetic response in a
patient conprising the steps of: 98 1i DEC 2003 (a) choosing one or nore
EPO dosage regi nens; (b) using a pharnmacokinetic /pharmacodynam ¢ nodel to
det erm ne t heo. phahesysikh BeElhim 25, WH ] ge
reginmens; and 5 (c) selecting the gﬁgﬁé%ﬁigﬁgﬂ%%%ﬁ%%%ggg@?ggﬁggﬁgﬁﬁhat

provi de sgi d desired pharmacokinetic response based on said

phar macoki netic profile. 8 A nethod for obtaining optimzed EPO dosage

regi mens for degi i B C L nse, | pat,i ent connqr i, Ssi ng
the steps of “to- (i SCaF AR B g F b ERRIF FisshaudPh e ponciontitie
responses; ( usi a, phar macoki neti ¢/ phar macodynam ¢ nodel to determ ne
EPO dosage ?"Eﬁ%‘&ﬁ'@%ﬁ& Y¥i de said desired one or nore phar macoki neti c
responses; and (c) selecting one or nore EPO dosage regi nens that provide
sai d desired 15 pharmacoki netic responses. 9. The nethod of clainms 7 and 8,
wherei n said ghar rrgcoki netic response is, selected. fromthe group
consi sting oP4a cHAf&stsm okdaimiEmberein wmidpatigntis andpsgoing awplogous | abl i ty,
and a change in threshold |evel.

transfusion prior to surgery.

33, The system of claim 23, wherein said patient is recovering from allogenic bone

marrow transplant.

15 34,  The system of claim 23, wherein said patient is afflicted with theumatoid

arthritis,

35.  The system of claim 23, wherein said dosage regimens are subcutaneous dosage
regimens,

20
36. A computer program for obtaining optimized EPO dosage regimens for a desired

pharmacodynarnic response in a patient comprising:
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20 10. Use of EPO for the manufacture of a nedi canent for adm nistering EPO
according to a sel ected dosage regi nen, the nethod of selecting the regi nen
conprising the steps of (a) choosing one or nore EPO dosage regiingeys 2003 99
DEC 2003 (b) using a pharnmacoki netic/ pharmacodynam ¢ nodel to determ ne the
phar macodynam c profile of said one or nore EPO regi nens; (c) selecting

sai d EPO dosage regi nens that provides a desired pharmacodynam c response
based on said pharmacodynam c profile; and 5 (d) adm nistering said EPO
dosage regi nen to(& pafPmpter cpde thapdesgribesgiphemacakingtic/phartacodynemisi n sai d
adm ni stering step conprises admnistering EPO on a schedule selected from
the group of schetodelsfor BRO; said englepiroviding éoraeleetitin of one er murrdesireto weeks,
and once every four weeks. 10 12. The nethod of clainms 1, 2, 3; 7, and 8 or
the use of cl ai s pbararacodyRamidresponses andthd wsadf Ll plawhiRkimefi om aneni a. 13.
The nethod or use of claim 12, wherein said anem a conprises EPO 15

concentration rel ghanmaefatic Atbdel kb AeeRAIAOSnOsr &S EPD dﬂsﬁél{?géi%en%ﬁf ein

said anem a conprises end-stage renal or renal failure re anem a. 20

15. The ngt hod Or?fbi'ﬁie%ﬁid?degi%&oh%orﬂb% ag,ﬁ@?%@@gg%ﬁﬁﬁg&ﬁ?% cancer

chenot herapy related anem a. 16. The ne aiI'm 12, wherein

said anem a corrpr'tﬁes &ﬁt%rfu&iﬁkﬂ%%ﬂﬁkgt[’&gsaa%g%ﬁf}?‘ﬁ%’%&ll DEC 20 17.

The net hod or use of c ereln sald anema co es drug rel ated
anema. 5 18. The method or use of claim 17, wherein said drug is selected
fromthe group consisting of cisplatin and zi dovudi ne.

37. A computer program for obtaining optimized EPO dosage regimens for a desired

pharmacodynamic response in a patient comprising:

10
(a) coml-autcr code that describes a pharmacokinetic /pharmacodynamic
model for EPO, said code providing for user selection of one or more EPO
dosage regimens and the use of said pharmacokinetic /pharmacodynamic model
to determine a pharmacodynamic response for said one or more rHuEPO dosage
15 regimens; and

(b)  computer readable medium that stores said computer code.

38.  The computer program of claims 36 and 37, wherein said pharmacodynamic
response is selected from the group consisting of a change in reticulocyte number, a

20 change in RBC number, and a change in hemoglobin level.

39. A computer program for obtaining optimized EPO dosage regimens for a desired

pharmacokinetic response in a patient comprising:
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19. The nmethod of claims 1, 2, 3, 7, and -8, or the use or clains 5 and 10,
wherein said patient is undergoing autologous transfusion prior to
surgery. 10 20. The nethod of clains 1, 2, 3; 7, and 8, or the L$dDESr 2003
clainms 5 and 10, wherein said patient is recovering from allogenic bone
marrow transplant. 21. The nethod of clainms 1, 2, 3, 7, and 8, or the use
or clains 5 and 10, wherein 15 said patient is afflicted with rheumatoid
arthritis. 22. The nethod of clains 1, 2, 3, 7, and 8, or the use or clains
5 and 10, wherein (8hi d caoypatge codeghatelescribeea phamnadokireto/phatamogdynagiy mens. 20
23. A systemfor selecting an optimal EPO dosage reginens for a patient
using a phar macoknordel for/BRQy said codb/pravidingrfockelectiondf éreion giord Bdsirdd 1 DEC 2003
(a) a processor that is controlled in accordance with a set of program
instructions that phemercekinetid fRepdnkanmdithmlseoesdied by said

phar macoki neti ¢/ phar macodynam ¢ nodel ; (b) a nenory coupled to said

processor, said mykRinyacskifktidishariEcodPha 5: nho'ael%‘ﬂgl(rﬁﬁﬂ?nk Bad 5*’1&5%6:%‘?50 and

paranmeters used by said pharnacokinetic/pharmacodynam ¢ nodel; and (c) a

user 10 | Aput - bar SO AR RRARESR oot BTbll H3Fbre B RR B e ¢

nodel . 10 24. Therg%gﬁ H\of claim 23, wherein said pharmacodynam c response
is selected from %’02518 consi sting of a change in reticul ocyte nunber,

a change in RBC n er, and a nge..in henogl objn |l evel. 25. The system
of claim 23, V\/nerzg)ﬁ s SPOPRiSt {eggﬂ%?%%ﬁlgpgtnqt,s@gqsgﬁgﬁompugcgq;_. The system of
claim 25, wherein said anem a conpri ses EPO concentration related anem a.
27. The system of claim 25, wherein said anenm a conprises end-stage renal

or renal 20 failure related anenmia. 28. The system of claim 25, wherein
sai d aneni a @npr iAseampuieraserandonetieiniagpptimized EPO dosage regimens for a desired

10  pharmacokinetic response in a patient comprising:

- (@)  computer code that describes a pﬁannacokinetic/pharmacodyﬁamic
model for EPO, said code providing for user selection of one or more EPO
dosage regimens and the use of said pharmacokinetic/pharmacodynamic model

15 to determine a pharmacokinetic response for said one or more EPO dosage
regimens; and

(b)  computer readable medium that stores said computer code.

41.  The computer program of claims 39 and 40, wherein said pharmacokinetic
20  response is selected from the group consisting of a change in serum EPO levels, a

change in bicavailablity, and a change in threshold level.

42.  The computer program of claims 36, 37, 39, and 40, wherein said patient suffers

from anemia.
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rel ated anem a. 102 11 DEC 2003 29. The system of claim 25, wherein said
anem a conprises AIDS drug therapy 5 related anem a. 30. The systenlof
claim 25, wherein said anem a conprises drug related anem a. 3#@
system of claim 30, wherein said drug is selected fromthe grou 11 g?%ng
of cisplatin and zidovudi ne. 32. The system of claim 23, wherein said
patient is undergoing autologous 10 transfusion prior to surgery. 33. The
system of claim 23, wherein said patient is recovering from all ogenic bone
marrow transplant. 15 34. The system of claim 23, wherein said patient is
afflicted with rheumatoid arthritis. 20 35. The system of claim 23, wherein

sai d dosage rd3i nefThe aompmmmugmmﬂmiﬂma@ﬁerem%@id@%ia rideSBPPUL er
program for obtaining optimzed EPO dosage regi nens for esired

phar macodynanicenceatgtivagelated agel i ent conprising: 103 1 1 DEC 2003 (a)
conput er code that describes a pharnmacoki netic /pharnmacodynam ¢ nodel for
EPO, said code providing for selection of one or nore desired

phar macodynam ¢ responses and the use of said pharnmacokinetic

/ phar macodynagy c ”‘Ygé’éoxﬁﬂnﬁ% Rt 49rwf@5ﬁ55539 osa gnprlg%oe tehat 5

provi de said de5| one or armacodynam

conput er read res said conputer code. 37. A corrputer
program f or a| n| ng o %&;ag)&%ﬁe?ﬁosage regi nens for a desired

phar macodynam C response in a patient conprising: 10 (a) conputer code that
descri bes a pharnmacoki netic /pharmacodynam c

45.  The computer program of claim 42, wherein said arlemia comprises cancer
chemotherapy related anemia.

10
46.  The computer program of claim 42, wherein said anemia comprises AIDS drug

therapy related anemia.

47.  The computer program of claim 42, wherein said anemia comprises drug related

15 anemia.

48.  The computer program of claim 47, wherein said drug is selected from the group

consisting of cisplatin and zidovudine.

20 49.  The computer program of claims 36, 37, 39, and 40, wherein said patient is

undergoing autologous transfusion prior to surgery.

50.  The computer program of claims 36, 37, 39, and 40, wherein said patient is

recovering from allogenic bone marrow transplant.
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nodel for EPO, said code providing for user selection of one or nore EPO
dosage regi nens and the use of said pharnacoki netic /pharmacodynam ¢ node
to determ ne a pharmacodynani c response for said one or nore r HYEPDEG @M ge
15 regi nens; and (b) conputer readable mediumthat stores said conputer
code. 38. The conputer programof clains 36 and 37, wherein said

phar macodynam ¢ response is selected fromthe group consisting of a change
in reticulocyte nunber, a 20 change in RBC nunber, and a change in

henogl obin | evel. 39. A conputer program for obtaining optimzed EPO dosage
reginens for a desired pharmacokinetic response in a patient conprising:
104 | 1 DEC 2803 (4% compyer progrencef claims 36,69c39,land 46, wherein said patient is-

phar macoki neti c/ phar macodynam ¢ nodel for EPO, said code providing for

sel ecti on of afflicted withoheunsktsid methritiphar macoki neti ¢ responses and the use of
said pharnmacokinetic/pharmacodynam ¢ nodel to determ ne one or nore EPO 5
dosage regi nens that pr.ovide said desired one or nore pharnmacokinetic
responses; and (b) . conputer readable nmediumthat stores said conputer

code. 40.5A SONPUYTRE chAGEAI AN HeldhE588708, ) 46 dufekey gﬁ%?ﬁsgg%gg' {";)” >

for a desired 10 pharnacoKinétic response In’a pat’ien

conput er codegaghfals iﬁl?ﬁﬁ{c{l@g?ou@dgﬁﬁég%g@ﬁsne“ c/ pharmacodynam ¢ nodel for

EPO sai d cod€ providing user on of one or nore EPO dosage
regi mens and the use of said pharnacokinetic/ phar macodynam ¢ nodel 15 to
determ ne a pharmacoki netic response for said one or nore EPO dosage

regi mens; andq(b) .conputer readabl e nedi,um.t hat ores said conmputer code.
41. The conpg?'er &%@B&%ﬁaf“’éﬁ% %ﬁ%a&qﬁne&efn é?‘ﬁ’cgﬁpwuﬁﬁapﬁacoki netic
20 response is selected fromthe group consisting of a change in serum EPO
level s, a cﬁ‘i’ﬂﬁ‘é“‘iaﬁmb}“cﬁyﬁmﬁﬁwp‘g?l}gE‘ﬁdteasgﬂ]ange in threshold level. 42.

The corrpij‘ﬁer programof clains 36, 37, 39, and 40, wherein said patient
suffers t%om anenfad. obtaining pharmacokinetic data from samples obtained from patients;

(b)  choosing an equation based on said data; and

(c) fitting said pharmacokihetic data to said equation.

54,  The method of claim 53, wherein said obtaining pharmacokinetic data

15  comprises:
(8  normalizing serum EPO concentration values from said pharmacokinetic
data; and

(b)  creating serum EPO versus time profiles based on said normalized data.
20 55.  The method of claim 54, wherein said normalizing step comprises:

(a)  obtaining baseline serum EPO concentration values from said
pharmacokinetic data by averaging predose serum EPO concentration values at

plurality of time points;
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105 11 DEC 2003 43. The conputer programof claim42, wherein said anem a
conpri ses EPO concentration related anem a. 5 44. The conputer program of
claim42, wherein said anem a conprises end-stage renal or renal {gﬁb
rel ated anem a. 45. The conputer program of claim42, wherein said ema
conpri ses cancer chenotherapy related anem a. 10 46. The conputer program
of claim42, wherein said anem a conprises AIDS drug therapy rel ated
anem a. 47. The conputer program of claim42, wherein said anenmia conprises
drug related 15 &Meni abtainéng serisn EBRsonesntrptieryyaiuns §6llavving subtUtanedus BN sai d
drug is selected fromthe group consisting of cisplatin and zi dovudi ne. 20
49. The conput er pémipisration; cl ai ns 36, 37, 39, and 40, wherein said patient
is undergoi ng autol ogous transfusion prior to surgery. 50. The conputer
program of clai ms(96, 8Btainkfy nomnelized seroheERD Borfcentdativatvakis by Subtiab®Ryer i ng
from al | ogenic bone marrow transplant. 106 1 1 DEC 2003 51. The conputer
program of cl ai s pioseFPO éhcetfelioAValusb AR semmﬁoraaﬁde§&atfdnsva1&§gdnuct ed

c

with rheumatoid arthritis. 5 52. The conputer program o al s , 37, 39,
and 40, erein sgpnd d ] j i.xens. 53.
A et hodm?or cr eat&il)ng gﬁgﬁgﬁr’%‘@%ﬁ‘@@? ?léﬁegr[s)«gr'g{ﬁ_ o@gﬁ‘@ﬁﬂgﬁggﬁgg %%

adm ni stration i ntiﬂfétp%gﬁﬂ.t s conprising the steps of 10 (a) obtaining

phar macoki neti ¢ data“trom sanpl es obtai ned frompatients; (b) choosing an
equation based on said data; and (c) fitting said pharnacokinetic data to
sai d equation. 54. The nmethod of claim53, wherein said obtaining

phar macoki negkc d,ﬂ‘g met]h%d of cr‘HFa).lrnlxgisvi/herein said equation comprises the Michaelis-Menten

equation.
10
57.  The method of claim 53, wherein said fitting step comprises obtaining estimates

of pharmacokinetic parameters utilizing least-squares by Maximum Likelihood method

and extended least squares model.

15 58.  The method of claim 57, wherein said parameters afe selected from the group

consisting of Vmax, Km, Vd, Ka, Fr, © (lower dose), and t (higher dose).

59.  The method of claim 57, wherein said fitting step comprises utilizing ADAPT I
software,
20
60. A method for creating a pharmacodynamic model for subcutaneous EPO
administration in patients comprising the steps of, in relation to samples obtained from
the patients:

(@) normalizing serum EPO concentrations;
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(a) normalizing serum EPO concentration val ues from said pharmacoki netic
data; and (b) creating serum EPO versus tine profiles based on said

normal i zed data. 20 55. The nmethod of claim54, wherein said norng|ipgg
step conprises: (a) obtaining baseline serum EPO concentration val ues from
said pharnmacokinetic data by averagi ng predose serum EPO concentration
values at plurality of time points; 107 | 1 DEC 2003 (b) obtaining serum
EPO concentration val ues foll ow ng subcutaneous EPO admi nistration; (c)

obt ai ni ng nornal i fBd sebtainiEbagvarodynamic datey val ues by subtracting predose
EPO concentration val ues from serum EPO concentration values; and 5 (d)

cal cul ating nmean (@r nathosmgagphumdcB@mancmbieati on val ues at each tine
point. 56. The method of claim53, wherein said equation conprises the

M chael i s- Ment en (dquabbtainingléuition bels&d sredaliDdo®; lgai m 53, wherein said
fitting step conprises obtaining estimates of pharnmacokinetic parameters

utilizing |east-sgyar eﬁﬁmwdgyﬁ‘ﬁ &dt@@%@id Laag, and extended | east
met hod of ¢ -

squares nodel. 15 58. The alm ereln said paranmeters are
sel ected §romthe group consisting of Vmax, Km Vd, Ka, Fr, ti (Il ower
dose), and r (higher dose). 59. The nethod of claim57, wherein said

fitting stepggonpiy 4 ADAPT. | 1.,software. .20 60.., A net hod for
creating a pﬁg'r mggggﬁgﬁlh(?kﬁléﬁgﬁo’f er%‘ﬁﬁ?fﬂ?%%%ﬁglgé%wg‘@ﬁf%i stration in
patients conprising the steps of, in-relation to sanples obtained from the
patients: (a) normaliZing serum EPO concentrations; 108 1 1 DEC 2003

(@) - obtaining baseline serum EPO concentration (Cys) for each dose group by
averaging predose serum EPO concentration values at plurality of time points

10 for each dose group; and
®) adjuéting Cys by addinig Cys to serum EPO concentrﬁtion predicted by
pharmacokinetic model wherein said adjusted Cps may be used as a forcing

function for pharmacodynamic analysis.

15 62.  The method of claim 60, wherein said obtaining pharmacodynamic data step

comprises:

(a)  determining mean predose precursor-cell number;
) dgtcrmining mean predose reticolucyte number;
20 ()  determining mean predose RBC number;
(d  determining mean predose hemoglobin concentration;
(e)  obtaining mean reticulocyte versus time profiles according to EPO dose;
® obtaining mean RBC versus time profiles according to EPO dose; and

(g) obtaining mean hemoglobin versus time profiles according to EPO dose.
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(b) obtaining pharmacodynani c data; (c) choosing a pharmacodynani ¢ nodel
(d) obtaining equation based on said nodel; and (e) fitting

phar macodynam ¢ data to said equation. 5 61. The net hod of cIain1£Q,
wherein said normalizing step conprises: (a) obtaining baseline s FLREQEaE?
concentration (Ch,) for each dose group by averaging predose serum EPO
concentration values at plurality of tinme points 10 for each dose group;
and (b) adjusting Cb, by adding Cb, to serum EPO concentration predicted by
phar macoki neti ¢ nodel wherein said adjusted Cb, may be used as a forcing
function for pharmacodynam c anal ysis. 15 62. The nethod of clai m 60,

wher ei n sai d63bt aiThe npthpdaf chim 69 nahireindaid phatnRodyB@NEY m68& coMfisds i ddilnNg
mean predose precursor cell nunber; determining mean predose reticolucyte

nunber; det eroductiorpandeali lmmhalale RBC nunber; determ ning nmean predose
henogl obin concentrati on; obtaining mean reticul ocyte versus tine profiles
according to EPO dose; obtaining nean RBC versus tinme profiles according
to EPO dose; and obtaining nean henogl obi n-versus tinme profiles according

to EPO dose. 6409 hd mioffsd29PRik 80, ﬁhli??lﬁ‘é%@g@z il i) QB oIl " sal d

phar macodynani ¢ nodel conprises a ce S nodel .

o amot er o P itpitetel BB east itatls by Midihin ik lihodd FRuGd A eieatedtesst s
ext ended | east s ua%gs nodel , 65. The nethod of claim&64., wherein said

par anmet ers 05 timated 10 paraneters and fixed paraneters. 66. The
nmet hod of claim 65 wherein said estimated paraneters conprise Ks, SC50,

65.  The method of claim 64, wherein said parameters comprise estimated

10  parameters and fixed parameters.

66.  The method of claim 65, wherein said estimated parameters comprise Ks, SCs,

and TP.

15 67 . The method of claim 65, wherein said fixed parameters comprise Ry, RBCy, Hb
and threshold.

68.  The method of claim 64, wherein said fitting step comprises utilizing ADAPT II
software.

20
69. A method for calculating the bioavailability of EPO following subcutaneous
administration comprising the steps of in relation to samples obtained from an
individual:

(a2)  obtaining pharmacokinetic data;
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and TP. 15 67. The nethod of claim 65, wherein said fixed paraneters
conprise RL, RBCL, Hb, and threshold. 68. The nethod of claim 64, wherein
said fitting step conprises utilizing ADAPT || software. 20 69.1 ADEet 2809
for calculating the bioavailability of EPO foll owi ng subcut aneous

adm ni stration conprising the steps of in relation to sanples obtained from
an individual: (a) obtaining pharnmacokinetic data; 110 .1 1 DEC 2003 (b)
cal cul ati ng AUC, Eé) nor.mal | zi nlg AUC to dose; and (d) deriving an equation
to represent sai d(®i oatdrwlating A¥G: of EPO by performing a |inear regression
of said pharnmacokinetic data. 5 70. A nethod for admnistering EPOto a
patient conpri si nP)t henomabizing AUGtndosesandr i ng sai d EPO on a "once- weekl y
basis. 71. The method of -claim 70, wherein said adm nistering step

conpri ses 10adm n{dt er derfyving stoapmatiéh B@EpreddnéaidbibaabRsNity/otr. BROEY hod f or
adm nistering EPOto a patient conprising the step of: adm nistering said

EPO on a once evepstforming's Hicad oepression of Shidlaarmacdkitetit datal he manufacture of
a nmedi canent for admnistering to a patient on a once-weekly basis. 71. The

use of cleim70, wherein said adm nistering step conprises adm nistering a
dose 40,000 IU of said EPO 20 72. Use of EPO for the manufacture of a

medi cament. 9, AdAlfEhb® i Rimiis AP 1 a Piicfk QRfifistaY She/subpy B Wock basis.

administering said EPO on a once-weekly basis.

71.  The method of claim 70, wherein said administering step comprises

10  administering a dose 40,000 IU of said EPO.

72. A method for administering EPO to a patient comprising the step of:

administering said EPO on a once every two week basis.

15 70.  Use of EPO for the manufacture of a medicament for administering to a patient

on a once-weekly basis.

71.  The use of claim 70, wherein said administering step comprises administering &
dose 40,000 IU of said EPO.

20
72.  Use of EPO for the manufacture of a medicament for administering to a patient

on a once every two week basis.
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73. The use of claim 72, wherein said adm nistering step conprises

adm nistering a dose selected fromthe group consisting of 80,000

| U kg, 100, 000 | U kg, and 120,000 11U kg. 5 74. Use of EPO for the1 DEC 2003
manuf acture of a medi canent for enhancing the production of mature red

bl ood cells fromyoung red blood cells in a patient by a method canprising
the step of admi nistering the nedicanent to said patient so that said young
red blood cells are induced to become mature red blood cells. 10 75. Use of
EPO for the rénuf dé¢upeolulaig Tpwhersineseid administering stepicorgpases edmininterihg 4 evel
of red blood cells in a patient by a nethod conprising the step of:

adni ni st er i ngose Selected Trbms thegrouphnsietitigoafi86;000 UKz 180J000 Uk ead 120, 0005 €  of
the nmedicanment to said patient, wherein said second dose of the medi canent
is admnistéUhg.to said patient at a tine after said first dose that
coincides with the 15 production of reticulocytes resulting fromsaid first
dose of EPO. 76. The use of claim75, wherein said second dose of the

.medi cament is adnministered to said patient between six and twelve days

after sai§ fist UREefERO félthe KARubSRreYra gh@diéﬁn?eﬁt ot 36 X& SEagRY qose

of the medicanent is admnistered to sai pat| ent tween-si n days
after said figfifangle | cond dose of
t he nedi caman? I'S a%brll(?@tceegggot‘&? 1(Ffﬁp e sénevgﬁl%h{kiaa%?ig saird first
dose. 112 | hod r.,sing the step of.

provi di ng tocét E‘Esﬁ %g}g%t o %rﬂéﬁ? E’ﬁé ‘ﬁﬁ‘gg Tlgatf‘f%% t $950u88  EPO
fol | owed by a d dose, to a patie ein said second dose of
EPO i s 5&93?% ?eélrséff ‘P&“?E“ﬂ Fame “r&feéblt’%’l\‘/gﬁ‘"éf ter said first dose

t hat coi I’ICI des with the production of reticulocytes resulting fromsaid

first dose of EPO 80. The method of claim 79, wherein said EPO dose

regi men ﬁrrpri ses_dosin one tinme per week with an effective anount of

EPO 10 The nbEnebERD fonthe maeufacweqf@mdmmnbfor owiritaining ap enhtancéd EPO
conprises 40,000 |U kg. 82. The nethod of claim79, wherein said EPO dose
regi nen Corrplqvgleqfrg@)bloq@ cellsdn a patient by a method comprising the step of:

administering a first dose of the medicament followed by a second dose of the
medicament to said patient, wherein said second dose of the medicament is
administered to said patient at a time after said first dose that coincides with the

15 production of reticulocytes resulting from said first dose of EPO.

76.  The use of claim 75, wherein said secoﬁd dose of the medicament is

administered to said patient between six and twelve days after said first dose.

20 77.  The use of claim 75, wherein said second dose of the medicament is

administered to said patient between six and ten days after said first dose.

78.  The use of claim 75, wherein $aid second dose of the medicament is

administered to said patient seven days after said first dose.
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15 every two weeks with an effective amount of EPO. 83. The nethod of claim
82, wherein said effective anount of EPOis selected from the group

consi sting of 80,000 | U kg, 100,000 |IU kg, and 120,000 | U kg. 20434DECTIN03
met hod of claim 79, wherein said EPO dosing regi men conprises dosing once
every four weeks with an effective anount of EPO 85. The nethod of claim
79, wherein said consuner is a patient or a health care provider. 113 1i
DEC 2L3 86. A business nethod conprising the step of: providing a dosing
regimen of EPOto a user or patient. 5 87. The nethod of claim 86, wherein
said dosing reginen is once weekly. 88. The nethod of claim 86, wherein

sai d dosi ng r78gi ménbisineshmethod comptising thestep of: 89. The net hod of cl ai m 86,
wherein said dosing reginen is once every four weeks. 10 90. The nethod of
clai m 86, further peavifing ¢ scpristueersdncBP® Hosiny @yintbnBat F AN dSRHFEPEL i On Wi th
said providing a dosing reginmen of EPOto a user or patient. 15 91. The

met hod of cl FolievedtbyedsbcOd dosb ef BPO t6 & batidat, SwHertin shid b I el ling.
92. The nmethod of clains 86 and 90, vvhgrlei n sgié prIO\E}i g?ﬁgsgsatog%@i%s@

perforneds tladmidseleheo #ﬁ&?ﬂfenﬁat%QMf&E satdl #it Ubsedfla %tginclr!#?wﬂfx O for the

{ . t¢
manuf acture of a medi canent for admnistering to a patie on a once every

four week bagisiucfich oﬂgﬁ%ﬁggeg%sg;ﬁn?f?&n’i@aiéﬁrsfgésggbgEég.8’ >3, 60, 69, 70,

72, 74, 75, 79, 86, or t I"al s wherein said EPO i s
sel ected fromthe group consisting of 114 11 DEC 2003 reconbi nant
eryt hropoi etin, reconbi nant human erythropoietin, erythropoietin alfa,

hyper gl ycosylat ed~eryt hr gpqi gt i ergly ated human erythropoietin,
altered gl ygg'syl Jﬁgéleg'fc@tq%rc@%iggt‘wmég?fi%%%séﬁ&ﬁ‘“%%qmlsﬁ desingene human

eryt hropoi eti,n fusio otejns, erythropoietin onmega, erythropoietin
recept or agoﬂf"?tp:?}'wreaﬁ‘éff é??tfPﬁtWSGP’@PFtrﬂpros urinary erythropoietin, and
PEG conj lilgat ed erythropoi etin anal ogs.

81.  The method of claim 80, wherein said effective amount of EPO comprises

40,000 IU/kg.

82.  The method of claim 79, wherein said EPO dose regimen comprises dosing once

15 every two weeks with an effective amount of EPO.

83.  The method of claim 82, wherein said effective amount of EPO is selected from

the group consisting of 80,000 IU/kg, 100,000 IU/kg, and 120,000 IU/kg.

20 84.  The method of claim 79, wherein said EPO dosing regimen comprises dosing

once every four weeks with an effective amount of EPO.

85.  The method of claim 79, wherein said consumer is a patient or a health care

provider.
113



95. The systemof claim 23, wherein said EPOis selected fromthe group

consi sting
eryt hr opoi et

eryt hr opoi et
proteins, er
eryt hr opoi et
said EPO is
eryt hropoi et

eryt hr opoi et

of reconbi nant erythropoietin, reconbinant human

in, erythropoietin alfa, hyperglycosylated eryt hrop'o? SEC 2003
hyper gl ycosyl ated human erythropoietin, altered 10- gl ycosyl ated
in, erythropoietin fusion proteins, human erythropoietin fusion
yt hropoi eti n. onega, erythropoietin receptor agonists, renal

in, urinary erythropoietin, and PEG conjugated erythropoietin
anal ogs. 96. The conputer program of clains 36, 37, 39, and 40, wherein

382 selected fromthe group consisting of reconbi nant
i '1

r ctpsinessmethad pomprisng thestspsfiet i n, erythropoietin alfa,
hyper gl ycosyl ated eryt hropoi etin, hyperglycosylated - human erythropoietin,
al tered gl ycosyl apeyiding e Hesipgregimen of toragyse estpatierftusi on  protei ns,

in fusion proteins, erythropoietin onega, erythropoietin

receptor agonists, renal erythropoietin, urinary. erythropoietin, and
conjugated 20 erythropoi etin anal ogs. 115
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87.  The method of claim 86, wherein said dosing regimen is once weekly.
88.  The method of claim 86, wherein said dosing regimen is once every two weeks.
89.  The method of claim 86, wherein said dosing regimen is once every four weeks.
90.  The method of claim 86, further comprising the step of:

providing EPO in conjunction with said providing a dosing regimen of EPO to a
user or patient,

91.  The method of claims 86 and 90, wherein said providing step comprises selling,

92,  The method of claims 86 and 90, wherein said providing step is performed

through the use of a computer system.

93.  Use of EPO for the manufacture of a medicament for administering to a patient

on a once every four week basis.

94.  The method of claims 1, 2, 3, 7, 8, 53, 60, 69, 70, 72, 74, 75, 79, 86, or the use

of claims 5, 10 and 93, wherein said EPO is selected from the group consisting of
114
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recombinant erythropoietin, recombinant human erythropoietin, erythropoietin alfa,
hyperglycosylated erythropoietin, hyperglycosylated human erythropoietin, altered

glycosylated erythropoietin, erythropoietin fusion proteins, human erythropoietin fusion

proteins, erythropoietin omega, erythropoietin receptor agonists, renal erythropoietin,

urinary erythropoietin, and PEG conjugated erythropoietin analogs.

95.  Thesystem of claim 23, wherein said EPO is selected from the group consisting
of recombinant erythropoietin, recombinant human erythropoietin, erythropoietin alfa,
hyperglycosylated erythropoietin, hyperglycosylated human erythropoietin, altered
glycosylated erythropoietin, erythropoietin fusion proteins, human erythropoietin fusion
proteins, eryth:opoiétin.omega, erythropoietin receptor agonists, rénal erythropoieﬁn,

urinary erythropoietin, and PEG conjugated erythropoietin analogs.

96.  The computer program of claims 36, 37, 39, and 40, wherein said EPO is
selected from the group consisting of recombinant erythropoietin,. recombinant human
erythropoietin, erythropoietin alfa, hyperglycosylated erythropoietin, hyperglycosylated
human erythropoietin, altered glycosylated erythropoietin, erythropoietin fusion
proteins, human erythropoietin fusion proteins, erythropoietin omega, erythropoietin
receptor agonists, renal erythropoietin, urinary erythropoietin, and PEG conjugated

erythropoietin analogs.
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