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Elimination Pathways of

EPO & PEG
@
Elimination Pathways of EPO
. | ° Ma]or Ellmmatlon Pathways are wlthm the-

" “Borie Marrow & Spleen” that include,
- EPO Receptor-mednated lntemahzation, and
« Proteolysis

® Those minors are within the “Kidney & Liver”
thatinclude,

+ Glomerular Flltratldns in the Kldney, and .
- Peptidase-mediated. Catabolism in the Liver

{Adopted from Jell W., Eur. J. H 1., 69 (2002) 265-274) 8
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Part 1

Elimination Patterns of CERA
in Rats

Serum SDS-PAGE Patterns in Rats
(serum obtained from the CERA treated rais)
I Smndu'ds : "Si:;gh;" PR

W .

PEQ 1. Pre-stalned MWM

£20 2. T80 by EPD Stamils®

T 3. 61.np KPO Stands

50 4. 22 g EPO) Stands
5. Swudarik Blask

% 6 Sagle Dow Rat F14

54 7. Shigle Dose Rt F15
& Single Dose Rat F16
s 9. Mgk Mark WM
15 18, Muhi Dose Rat J2§
» 13. Mulli Dase Rit J26
12, Multi Dase Rel 127

»

10 13, Rat Al Costal
14, Rat A2 Control
15. PEO MWM .

PEG in Serum (lodine Stained Gel)

EPO Stands, CERAYPEG

Note that CERA remains intact in the serum

10

(Adopted from RO0503821, Study No. D01017 & D02001 Report No. 1012588)
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| Bone MarroSDS«PE

Patterns in Rats
(aspirates obtained from the CERA treated rats)

‘Controt

ted rat and antnireated rat (control).

Note that mtact CERA is detected in the bone marrow

{Adopted from RO0503821, Study No. D01017 & D02004 Report No. 1012588)

Immuno-histochemical aining of E Miet
within the CERA Structure in

the Bone Marrow Cells in Rats
. (tissues obtained from the CERA treated rats)

30 Mln Post Dose 24 Hr. Post Dose

At 30 min. post dose, heavy stammg Twenty- -four hours later, stained cells had moved
appears at the penphery of speclﬁc out.of the marrow and into the blood stream,
cells Some of the stammg appeared inside the cell

membrane

Note that lntact CERA reaches and binds
' the__ cells within the bone marrow

(Adopted from RQ0503821, Study No. D01017 & D02001 Report No. 1012588)
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Suggested Ellmmatlon
Pathways of CERA in Rats

CERA * (3,4)
Urinary Excretion

The numbers in the parenthesis represent those appeared in the “Summary of Nen Clinical DMPK
Results ” (p.15). 17

Suggested Elimination Pathways of
PEG m Rats |

¥ ©) H'5EG & PEG metabolites [g)

Urinary Excretion Blharyl Fecal Excretion (2 3)
(3.:4) <——— , Dala avaliable on CERA ‘
Grransn, No data available on CERA

18
The numbers in red in the parenthesis represent the excretion rate,
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Urinary Excretion of CERA
in Healthy Volunteers (HVs)

> Routes of CERA Administrations
$.C. administrations of CERA (3.2 i g/kg) to the HVs.,
and the urine was collected at an interval of every
12 hours for successive 3-days after the dosing.

> Results
. No CERA was apparently detected in the HVs urine

(No data available on the PEG moiety elimination
patterns) :

21

{Adopted from R00503821, Protocol No. BP16198 Report No. 1004598)

The immune system related to
CERA elimination in Human__

' - - » Clinical Data
: “ No Anti-CERA Antibodies detected in the Serum
of CERA Treated HVs and Pts.
The concentrations of TNF-a and IL-6, which are cytokines
reflecting activated macrophage, in the serum showed no
relationship to AUGC in CERA Treated HVs

> Speculative Synthesis
The immune system per se dose not seem
to .gla'y cruclal roles inthe sliimiination of

22

(Adopted from RO0503821 all i studies and Protocol No.BP17570, Report No.1017562)
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»

1)
2

3)

4

Summary of Clinical DMPK
Resuits

Intact CERA detected in the serum.

No intact CERA was apparently detected

in the HVs urine.

No Anti-CERA Antibodies was detected

in the Serum of CERA Treated HVs and Pts.

No distinct relationship shown between
AUC and kidneyl/liver functions.

26

Specuﬂative Diagrams (HVs) |

%

13
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Glomerular Filtrations
vs. Hemodialysis

o Glomerular Filtrations & Hemeodialysis
Hemodialysis
> 30 kDa of PEG is filtrated via
lomerular apparatus within
the kidney.

» 30 kDa of PEG has a diameter of
about 8 nm, whereas the pore size
of the glomerular basement
membrane Is within the range
of 3-5 nm.

Filtrate

> Nevertheless, the PEG flexibility
and deformablhty together with its
rod-like conformation allow for the
' filtration of PEG.

Usual pore size

> The usual pore size of the HD
(Adopted from Nakaoka R. et. al., J. Control. Release 46 membrane is similar to that of the
(1997) 253-262) glomerular basement meémbrane.
» However, the pore size of all dialysis
membranes are not always available.

29

PEG Elimination

_in Hemodialysfs Patients

® ® The PEG motety of 30 kDé is though -to be
- filtrated through the d:alysis membrane
possessing the usual pore size. '

® As fo the elimination of the PEG moiety, if
the dialysis membrane whose pore size is
smaller than that of the glomerular basement
membrane were to be employed, however
the contribution of the hepatic metabolism
and the fecal excretion of PEG would be
much greater

15
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Summary of Suggested
Elimination Pathways of CERA

® CERA is noticeably taken up by the EPO receptor Iocalizing
the bone marrow cells.

® The EPO molety within the CERA structure is undergone by
the é:roteolytic reactions in the bone marrow cells, resulting in
PEG molety formation. ]

® The residual PEG moiety within the CERA structure predominantly is
excreted into the urine.

® . The residual PEG moiety within the CERA structure is suggested to
cross the dialysis membrane of the normal pore size employed for
‘ : the dialysis patients. o :

® [f the dialysis membrane whose pore size is smaller than that of the
glomerular basement membrane were to be employed, however the
contribution of the metabolism and the fecal excretion would be much
greater in the elimination of the PEG moiety.

33

Points-to-Consider

® _ @ We have suggested several eliiination pathwaj
- " based-on the circumstantial evidences reported:

& While Showing the Suggested elimination pathays of
CERA to the regulatory. a_ge‘ncy is important, the a?enc
may require the study data in which CERA is.emp. _o'ypci

° vTheref_ore, the willingness of Chugai is that a small
scale additional PK studies after administrations of
CERA will have to be done. _

® The rationale behind this idea is that the urinay excrétion and
the filtration of PEG are thought to be dépendent upon the
disease status; l.e., PreD, HD or CAPD, and upon the pore size
of hemodialysis membrane. o ’ S Y

17
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Proposal toc Roche

® To investigate the metabolism and
excretion patterns of “C-CERA in
nephrectomized rats.

® “ The mass-balance studies using '“C-
CERA’”to be performed in PreD patients PY
& HV's. ' -

“Thank you for your attention” |

Kiyo

18
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Speculative Diagrams (HD)

®
31
Suggested Elimination Pathways of
CERA & PEG
in Hemodialysis Patients
PEG? ¢ PEG, PEG metabolites
\ Hemodialysis / Biliary / Fecal Excretion
\, Filtrates / 4——; Dota available on CERA
P [ No data available on CERA
gt i . 32
16
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Suggested Elimination Pathways
of CERA & PEG
in Healthy Volunteers

CERA(N.D.),
PEG?

: i PEG, PEG metabolites
Urina}y Excretion Bi"ary / Fei:al Excretion

<4—=, Data avallable on CERA
@ronren, No data available on CERA

27

Why do we concern about the elimination

Of PEG in Hemod:alys:s Patlents’?

o The ma;or target populatton of CERA is CKD pattents Lk
undergoing hemod:alys:s ®

ein both EU and us, the average hemodialys:s period
is known ta be 2- or 3-years, because : kidney :
transplantations are bemg frequently carried out for
the patients.

® Unfortunately, however, as far as the medical
practices in Japan are concerned, the kidney
tranisplantations are rarely done, and consequently
the hemodialysis period is longer than 10-years.

28

14
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Relationships between Serum AUC

and Renal Functions in Human
(i.v. administrations of CERA to HVs & Pts)

» No distinct

4000

5 97 relationship between
5. serum AUC and
S8 8 ° 8 renal functions
g 7 ° e were manifested
2 %8 T E
el I { ! » These data strongly
g 2 § scﬁ:gest that the
381 8 ° kidney is not the
2 ° main site by which
° ° o o the elimination
e iR s of CERA is mediated
w Renal Function impaired 23
{Adopted from RO0503821 clinica! studies, the integrated analysls of 5 {five) clinical studies in Jap

Relationships between Serum AUC

vs. Hepatic Functions in Human
after i.v. administrations of CERA to HVs & Pts

© AUC vs. SGOT AUC vs. SGPT
2 yo1m04 856K, R2- o.oogos‘gh 934920 + 9.85 *x , R2= 0.022) > No "-"W"“'V‘
DR g . : relationship
I r ORI Telighpstoe, - between serum
£ Soadye— #f AUC and hepatlc
41 I pEp functions
gole * . g.ls
< 10 0 30 40 « 10 20 30 40 S0
5COT (U SCPT /Y
. AUCvs.y-GTP } AUC vs. ALP
g y= 1810 + 6.2) ~x.n1=o.02)7.%o.qezszo +1.49 *x, R2= 0.0478
LS LN i)
E7le o %o FRIRYY
i ?@e’;’/-—'},’»"‘ ig
R 134
HIOR ié
2 10 20 30 40 S50 60 70 5 100 200 300 -4D0 500 24
Qmma-GTP (/L3 Alialine phosphausse (U/L}
{Adopted from R0O0503821 cli , the integ d analysis of 5 (five) clinical studies in Jap
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Suggested Elimination Pathways of
CERA & PEG in Rats
(Summary)

CERA  PEG (6) i PEG & PEG metabolites (1) ®
Urinary Excretion  Biliary / Fecal Excretion (2,3)
34) | e,
Part 2
Elimination Patterns of CERA
in Human
10
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Summary of Non Clinical DMPK

| Results
1) Only intact CERA detected in the serum.

2) Radioactivities detected in the bile and the liver.

3) In both urine and the feces, radioactivities
also detected.

4) Both intact CERA and PEG moiety within
the CERA structure detected in the urine.

5) Intact CERA reaches and binds cells
. in the bone marrow.

15

Speculative Diagrams (Rats)}
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Distribution & Excretion Patterns of

CERA after Single IV Injection to Rats

(data obtained from studies using radioactive CERA)

> Tissues with high radioactivities
examined were,

blood, bile, adrenal grand medulla,
lymph nodes, lung, testis, and adrenal gland

> % radioactivities detected after CERA
administrations were,

urine (58 %), feces (8.6 %), and
carcass (33 %), respectively.
{% of CERA administered)

11

(Adopted from R00503821, Study No, 08223 Report No. 1014641)

Urine SDS-PAGE Patterns in Rats

(urine obtained from the CERA treated rats &
iodine staining of PEG-moiety within
the CERA structure)

Sandwds ¢ Single  Mutripk Comrol
1234856789101 R21ANIS

MW

PEO 1. Preaialaed MWM
120 2, 500 ng EPO Sk
T % 67ngEPOStnds
0 4 12agEPO Stands

97 - : gz‘?&wfb‘ 14 2, 90 kDa Di-pegylated EPO
. b srul'.na: RotFIS (a by-product of CERA)

8. Single Dooe-Rat FI6 4, 60 kDa CERA
9. MagcMarkMWM 3, 35 kDa PEG
1% 18, Mult! Dose Rat J28 v
. MelipecRatme 4 30kDa EPO
12. MultiDase Rat 327
X 19 13. Rat A1 Controf

14 Rat A2 Conirel
15, PEO WM

ie-Ciod E£PO Stands, CERA+PEG

Note that both intact CERA and 30kDa PEG
are detected in the urine

{Adopted from RO0503821, Study No. DG1017 & D02001 Report No. 1012588)

Page 17 of 19
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Elimination Pathways of PEG

® Major Elimination Pathways are within the
“Kidney & Immune System” that includes,

+ Glomerular Filtrations in the kidney, and

* Phagocytosis via the Inmune System,
particularly in the case of PEG m.w. is over 100 kDa

©® That minor is within the “Liver” that include,

» Metabolisms; i.e., Hydroxylation and
Fragmentations, in the Liver, followed by .

» Biliary Excretion

{Adopted from Caliceti P. et. al., Advanced Drug Delivery Revlews., 55 (2003) 1264-1277

and in house report in Chugai) 7

Suggested Elimination Pathways |
of CERA
1.;'Ra'ts
2. Healthy volunteers
3. Hemaodialysis patients
4

R11-000445604
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Proposal to Roche

®To investigate the metabolism and
excretion patterns of “C-CERA in
nephrectomized rats.

® “The mass-balance studies using
14C-CERA” to be performed in PreD
patients & HVs.

Special Remarks

® As far as the ptoteimbased mediclnes are concerned,
the Japanese Agency has never ever reguested the metabolism
patterns of the substance per se at the time of submissions.

® Essentially the same conditions can be applied to those in overseas.

® In the case of CERA, however, not a few investigators reported that the major
elimination pathway of PEG is via an urinary excretion at least in the healthy
volunteers (HVs).

@ Due to the hypouresis manifested in CKD, it seems very likely that the PEG
cannot be efficiently excreted into the urine.

® Therefore, the Japanese Agency will request the elimination patterns of the
PEG moiety in-CERA to Chugai. .

® We belleve it quite reasonable to prepare the answers as to'the elimination
patterns of CERA from the body. . .

Page 19 of 19
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