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1900 Osk Terrace Lans/Thousand Oaks, California 91320-1789/Telephone 805 4589-5725

September 27, 1985 James T. Fenno

Director, Aeguiatary Aftairs

Elaine Esber, M.D.

Director

Office of Biologics Research and Review
Center for Drugs and Biologics

Food and Drug Administration

8800 Rockville Pike

Bethesda, Maryland 20205

Dear Dr. Esber:

Amgen 1is forwarding three copies of 1its Notice of Claimed Investiga-
tional Exemption for a New Drug, Recombinant-Human Erythropoietin
(r-HuEPO). The initial intended use of this product is as a parenteral
treatment for anemia assuciated with renal disease.

Included as Item 5S of this submission 1is the release protocol for
r-HUEPQ 1ot 502H5, As additional 1lots are prepared for clinical
evaluation, release protocols for those lots will be submitted to your
office, Drs. J. Adamson and J. Eschbach, the co-principal investigators
for the initial clinical study with end stage renal disease patients at
the University of Washington, will utilize lot 502HS.

At this time, the IRE which has jurisdiction over the study institution
has not completed its review. The study will not commence prior to
gaining IRB appreval, and such written authorization will be forwarded
to your office when as it is received.

We have stamped as confidential those pages which contain information
which Amgen considers to be proprietary in nature, and we request that
such pages be witnheid from disclosure to third parties.

If you have any gquestions concerning this submission, please contact me
or Larry Johnson at (805) 499-5725,

Sincerely yours,

JF/so

Attachment: 3 copies of Notice of Claimed Investigational
Exemption for a New Drug, Recombinant-Human
Erythropoietin

AM 57 000002
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DEPARTMENT OF HEALTH AND WUMAN SERVICES

PUBLIC HEALTH SERVICE
FOOD AND ORUG ADMINISTRATION

NOTICE OF CLAIMED INVESTIGATIONAL EXEMPTION

FOR A NEW DRUG

Form Approved OME Ne, 09] 004

—

MOTE: Nodrug may be thipped or study inituated unkeysy
2 complete N3tement has heen racsrved,
(21 CFR 2i2.11e)12)).

Name of Sponsor __Amngen Date  Sept. Z7, L1385
Address 1990 Cak Terrace Lane, Thousand Oaks, CA 91320 Telephone (805) 499-5725
Name of Investizational Drug _ Recombinant-EHuman Erythropoietin (r-HuEPC)
FOR A DRUG: FOR A BIOLOGIC:
Food And Drug Adminisiration Food and Drug Adminierration
Office of New Drug Evaluation (HFA-106) Office of Biologics/(HFN-823)
5600 Fishers Lane &800 Rockville Pike
Rockville. Maryland 20857 Bethesda, Maryland 20205
Dear Sir: )
The sponsor, Amgen , submits

this notice of claimed investigational exemption for 2 new drug under the provisions of section 505(i) of the Federal
Food. Drug, and Cosmetic Act and §312.1 of Title 2! of the Code of Federa Regulations.

Attached hereto in triplicate are:

I The best availatie descripoive nume of the drag, imciuding to the
EXiEND known the chemwcal name and structure of sy new<drug sub-
slanex, anc 3 siawement of how 1t 15 10 be administered. (If the drug hee
only a ¢ode name. enough inf) won should be supplisd ta identify
the drug.;

2B e list of ponents of the drug, induding 2ny ressas.
able alternstes for tacive components,

3. Compi of q uve compesitien of drug, nclud-
ing reasonable vanaLons that msy be expesisd during the ivestigs-
uonal stage.

4. Descnpuon of sowrce and prepamstion of, any new-drug fub-
S1ances used 15 components, inciuding the nams and addrets of asch
SPPLer of proceisor, other thas the sponwmx. or esch new-drog sub-
stance,

S. A st of the methods, [acilities, and controls used for the
manufactunng. procesung and packing of the new dra= 1o eseshiich
and 1pprop smandards of identity, sorength, quality, and

purity as needed for safery and 1o Fvr upnficzcs 1o cliniesd iavestizs-
nons made with the drug.

6. A statement covenng 10 informatica availabie to the TR Cr
denved [fom prechmcal invesh@nons and any cliniesl smudies and
expenence with the drug as [olows.

1. Adeguate 1nformation sbout the prectimil trrestigations, in-
cluding stucses made on laboratory ammals, on the besis of whick the
SPONsor har comoiuded thsi it 5 roasomably mfe w0 initats clinical
invesugatons with the drug: Sech inf bon thould include sdent-
ficauen of the perssa who coaducted sach rvestigauos ; identiflestion
and qualificanons of the wmndind who eral d ithe resalu and
conciuges thal it is ressonsbly safe to inrtuie climwal EIverligs iont
with the drug ang 2 sutement of where the NVeRIEINONE Were CoA-
ducted and where the records are avadable for mrpection: and mough
dztaids about The wivestmuons to permit scenufic revew. The pre-
chnical wvesngations shall not he considered adeguite to jusufy
chpizal testing aniess they Eive prooer atienuon to the conditions of
the ropesee chinica tcsung When wirs miormation. the outline of the
slar of chinical pharmacology, or any progress repart on the clincal
phirmaco.oey, mndicates 3 need for {uli review of the sreclnscal daa
Defore a lumizal inal s undertaken. the Department will noufy the
tpeRsOr 10 submit the compiete precumucal data and to aithheld clinca
Tials uanl the review 13 compieled ana the sponsar notufied The Food
nd Dirup Aumuustiauon wil be prepaied o conrer witn the sponsar
COTTETNING INis acoon,

FORM FDA 18571 [10/K2)

PREVIOUS €21TION ARE OBSOLETE,

b. If the drug has been marketed aally or ivestigaied (eg.
culsde thy United Smises). compiste information sbout such distribu.
tiﬁnnriuuwhti-shﬂhwhmituﬂ.lhngﬁrhnmphubﬁh—
«gephy of any pobliczuon: about the drug.

c. Il the drog is 3 combination of previowsly investipated or o
ksted drmgs. an sdcquew summay of presxatag information i,
prechmezl and clinical inventigstions and expenience with s compo-
rants, including all repory ilable o the fugpesting side-
affects, contrindications, and ineffectivensss is us of mch comps-
nmt: Such summuy shouwld inchwde mm adequare bibliography of
pubbcations sbout the componest: snd mey incormorswm by rrferencs
any informgetion concarming ek componenty previowsly submirted
by the sponsor 10 the Food and Drg Adminisration. Inciuds 2 siate-
meat of the expectsd pharmcological effects of the combination,

d. If the dreg is a rdicactive drug, sufficiers date mug be svaidable
seaﬂeﬁmawg.—isahmnﬂ:itaﬂh?tw
mdmm;“hmmmnm
i

=nng
‘r.Awm(ommucbofhmmmotuumﬁu]o(sﬂ

tmfi honal tal fuding label snd labelimg, which is w be
ppiied to sach veslipe

of ;

Thiz shali fuctude an sccarsts dexcriornn

the priog Ligsth and exp and their result; pertincn:
10 the mfety and possible wefuldess of the drug under the conditians
of the invesigauos. It shall not represent that the wfery or use lulness
‘of the drug has been smablished for the purposes 1o be imvestignted
It shall deseribe all relevant hirseds, contrundicsuvons, sde-effects,
&d PTeCINTIORI Suppestied Wpﬂummuﬂmmcxmﬂm
the drug under invesimation mad relaied dremy for the mformaton
af climical investigaters.

£ The ioentflc wraming and svpenencs consdessd SPPICPTEE
by the sponsor to quakify the investigators as urtabie EXPETis 10 invest)
giie the alery of the drug. bexrmyg in mind what is known about the
pharmacoiopal sctwn of the drug and the phase of the urestigauanal
program that 13 [ be undertaken,

9. The namat 3nd i summary of the Quming and experience of
esch iavesugator and of the individual charged with monnonng the
progres of the mvesugLion and evilusing the evkence af safery and
effectiveness of th- drug as it is recaved irom the INYCTURION, [0-
gether with 1 swtement that the sponsor has obtuned (rom each
investigator a completed and signed form, a3 provided sibpanigr
(121 ar 13} of thus paragraph, and that the mvestigiter 1 quain
by wwenufls Taming i5d expencia &S 5A RPPIOPELS expert 1o under-
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DATA TO SUPPORT A
NOTICE OF CLAIMED INVESTIGATIONAL EXEMPTION
FOR
RECOMEINANT-HUMAN ERYTHROPOIETIN

{r=HUEPQ)

September 27, 1985

Amgen
1900 Cak Terrace Lane
Thousand Daks, CA 91320

AM 57 000004

COMFIDENTIAL
SUBJECT TQ PROTECTIVE ORDER

AM-ITC 00595238
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CONFIDENTIALITY STATEMENT

Certain information and data contained in this Notice of Claimed
Investigational Exemption for a New Drug are confidential.
Pages containing such information are so marked. The Food and
Drug Administration shall regard this confidential information
in accordance with the provisions of 21 CFR 312.5 and 21 CFR
314,14,

AM 57 000005
CONFIDENTIAL
SUBJECT TO PROTEGTIVE ORDER

AM-ITC 00585239
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FD1571 Item 4B ' Amgen
Product: r-HuEPO 1900 Oak Terrace Lane
Thousand Oaks, Ca 91320

nucleotide sequeﬁce were compared with the amino acid sequence of mature
human urinary EPO. From this data the coding segments (exons} of the
gene were idertified. In addition, comparison of the EPD genomic
sequence to the M-cDNA sequence and to the HuEPO DNA sequence derived
from mRNA isolated as described in Item 4A of this Notice confirmed the
intron-exon junction assignments. Each intron-exon junction conforms to
consensus splice rules {Mount, 1982). The exons are displayed in Figura
4A-7 with the deduced amino acid sequence listed above esach exon.

The orgarization of the human EPQ gene is described in Item 4A of
this Notice. The sequence downstream of the polyadenylation site does
not contain any significant open reading frames, Each frame is closed
by closely-spaced termination codons., The largest open reéion contains
124 codons. A large direct repeat is found in the 1.8 kb Sstl - Sstl
fragment at the 3' end of the sequence. These repeated sequences are

approximately 401 bases long.

Protein Sequence Conforms

Complete amino acid sequence determination of purified r-HuEFO
produced by the production cell line MWCB 51B was performed to support
verification of the r-HuEPO coding region. The DNA and protein seguence
information verify the integrity of the coding regions within the
production strain. Tha status of complete sequence determipation 1s
shown 1n Figure 4B-5& which alsc indicetes amino acid seguence
detsrmination of peptides derived from r-HutPO,

Intact r-HuEPQ was analyzed by autcmeted Edman degradation usinrg a

AM 57 000056

CONFIRENTIAL
Cof iF!DENTIAL SURJECCT TO PROTECTIVE ORDER
COWTAINS TRADE S-CRETS OR
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FD1571 Item 4B - Amgen
Product: r-HuEPO 1900 Oak Terrace Lane
Thousand Oaks, Ca 91320

gas-phase sequencer (Hewich et al., 1981 and Lai, 1984) through 50
cycles. PTH-amino acids were analyzed by reverse phase HPLC

(Hunkapiller et al,, 1983). A single sequence could be assigned for the

N-terminal 45 residues. No PTH-amino acid was identified for positions
7, 24, 29, 33, and 38, Positions 24 and 38 were assigned glycosylated
asparagines according te the rule of N-glycosylation {Asn-X-Ser/Thr) and
the evidence that glucosamine was found in the hydrolysates of $. aureus
protease peptides S-38 and $-59. Positon 7 was later assigned as
cysteine residue from sequence analysis of peptides 5-39a and S5-39b.
Further sequence information of r-HuEPO was obtained from sequence
analysis and/or amino acid compesition of peptide derived from protease
digests of r-HufPO using TPCK-treated trypsin or S. aureus V3
protease. .ln most cases, peptide samples were sequenced to the C-
terminal end. Seguences obtained from these peptides were used in the
reconstruction and overlapping ¢f the entire amino acid sequence for
r-HuEPO, As shown in Figure 4B-6, 163 of 1656 amino acid residues of

purified r-HuEPO were sequenced at least ance by Edman degradation. The

e

remaining three at positions 29, 33 and 166 were assigned as described
below.

Cys 29 and Cys 33 were tentatively assigned according to the amino
acid sequence deduced from DNA sequence analysis. The C-terminal
residue, Arg 166, was sequenced by the method of carboxypeptidase
digestion. In addition, position B3 was assigned as a glycasylated
asparagine according to the sequencing results (PTH-aming acid could not
be icdentified), the rule of N-glycosylatien (Asn-X-Ser/Thr), and the

AM 57 000057

CONFIDENTIAL

COI' F!DENTIﬁL SUBJECT TO PROTEETIVE ORDER

CONTAINS TRADE S-CRETS OR
OTHER INFORMAT!ON WHICH ARE
THE PROPERTY OF 004 1
AMGEN
1500 Oabg_Terrace Lane
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AM-ITC 005985291
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FD1671 1Item 4B % Amgen
Product: r-HuEPO 1300 Oak Terrace Lane
Thousand Qaks, Ca 91320

evidence that glucosamine was found in the hydrolysates of peptides S-64
and T-59. Position 126 was assigned as a 0O-glycosylated serine
according to the sequencing results (no PTH-amino acid could be
identified from sequence analysis of peptide $-49), and amino acid
composition analysis of peptide S-49 which indicated the presence of two
serine residues and galactosamine. Two peptide bonds, Lys 1156-Giu 117
and Asp 165-Arg 166, need to be further confirmed to provide necessary
overlapping information for peptides T-9 and T-4la, and for overlapping

of 5-398B or T-4a with the C-terminal sequence.

Amino Acid Sequence of Human Urinary Derived Erythropoietin

The complete amino acid sequence of urinary {natural} human
erythropoietin has also been determined. Purified material (Miyake et
al., 1977) for analysis was provided by Dr. Fugene Goldwasser,
University of Chicago, Chicago, IL.

Purified EPO was separately subjected to three different protease
digestions using TPCK-treated trypsin for two digests (the first in 10
mM Calls, 0.1 M Tris-HC1, pH 8.0, the second in 0.1 M ammonium
bicarbonate, pH 8.0) and $. aureus V8 protease for the third sample.
All samples were separated by reverse-phase HPLC immedsately following
digestion. Peptides were eluted by a gradient of an organic mobile
phase (TFA) in an aqueous mobile phase (TFA plus acetonitrate).
Fractions were manually collected, dried, and kept at -20°C.

Automated sequence analysis (Hewick et al., 1981 and Lai, 1984) of

intact proteins and peptice fragmerts 1snlated by HPLC were performec

AM 57 000058
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FD1571 Item 4B ' Amgen
Product: r-HuEPO 1900 Dak Terrace Lane
Thousand Oaks, Ca 91320

with a gas-phase sequenator. In situ CNBr cleavage o% the reméinder of
the protein molecule following extended sequence analysis of the intact
protein was performed using 70% CNBr in formic acid., All peptide
solutiors were made in 50% formic acid in water prior to application to
the sequenator. The PTH-amino acid obtained from each seguenator cycle
was jdentified by reverse-phase HPLC (Hunkapiller et al., 1983). PTH-
cysteinyl residues were identified as PTH-cysteic acid residues by
reverse-phase HPLC on a C18 column (Rainin) after oxidation of the Edman
degradation product with performic acid at 0°C.

The compiete amino acid sequence for the human urinary-derived EPQ
protein in showr in Figure 4B-7. The sequenced region of the intact
protein and the various fragments used to establish the order of
sequences obtaired by cleavage of the protein are also indicated. About
30 - 80% of the peptide sampies obtainad in each fraction were
sequenced.

A1l of the residues were assigned positions by sequencing, except
the asparagines at positions 24, 38 and 83, and one cysteins at position
161. DNA sequence analysis has assigned three glycosylation sites at
positions 24, 38 and 83, according to the rule of Asn-xX-Ser/Thr.
Subsequent carbohydrate analysis (described elsewhere in Item 5 of this
Notice) has confirmed these glycosylation events. Glycosylated
asparagines are not detectable by this sequencing method.

These results demonstrate that the aminc acid sequerce of natural
{urine derived] human erythropoietin and r-HuE®D are identica’l, and that

both conform to the amino acid sequence deduced froT DNA sequence
AM 57 000059

1ys? - ione, ENTIAL :
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FD1671 Item 4. Amgen
Preduct: r-HuEPQ 1900 Oak Terrace Lane
Thousand Oaks, Ca 91320

FI1GURE 4B-6

Amino acid sequence of r-HuEPO. Shown is the amino acid seguence
of purified r-HuEPO obtained by automated Edman degradation of the
intact protein and/or peptides derived from trypsin or VB-protease
digests. Aminc acid composition and/or sequential Edman degradation was
used to define peptide sequences. ({See Item 4B for a more complete

description of the methods employed.)

i 0?‘1@51\57@.1;
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FD1571 Item 41 Amgan
Product: r-HubEPQ 1900 Oak Terrace Lane
Thousand Daks, Ca 91320

FIGURE 4B-7

Amino acid sequence of human urinary-derived erythropoietin. Shown
is the amino acid sequence of purified human urinary-derived
erythropoietin obtained dy automated Edman degradation of the intact
protein and/or peptides derived from trypsin or V8-protease digests.
Amino acid composition and/or sequential Edman degradation was used to
define peptide sequences. (See Item 4B for a more complete description

of the methods employed.)
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