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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re:  Expediente No. 06.021.510
Solicitud de patente a nombte de ORTHO-McNEIL - JANSSEN
PHARMACEUTICALS, INC

Yo, DILTA RODRIGUEZ ID’ALEMAN, identificada como aparece al pie de mi
firma, domiciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada
de la sociedad ORTHO-McNEIL - JANSSEN PHARMACEUTICALS,
INC, domiciliada en New Jersey, Estados Unidos, solicitante de la patente de la
referencia, en respuesta al oficio No. 11683 notificado por fijacién en lista el 10
de septiembre de 2010, relacionado con el concepto técnico de fondo No. 2995,
me permito manifestar:

1. Con fundamento en la facultad que confiere el ardculo 34 de la
Decision 486 al solicitante para modificar la solicitud de patente en cualquier
momento del tramite, presento junto con este memorial una nueva descripcién v
un nuevo capitulo reivindicatorio, el cual consta de 1 a 29 reivindicaciones y
reemplaza en su totalidad el capitulo reivindicatorio presentado anteriormente.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian
de ninguna manera la materia objeto de la presente solicitud y se realizaron con el
animo de superat las objeciones de claridad y calidad de la traduccién, planteadas
por el examinador en su concepto téenico.

2. Claridad de la Solicitud

El examinadot ob}eta la clatidad de la descripcidn, argumentando que no
demuestra la accidn terapéutica de los compuestos ni datos comparativos, por lo
que el efecto técnico de las moléculas descritas no es evidente. Al respecto, ¢l
solicitante le recuerda a esa oficina que ni el Articulo 28 ni ninguno otro Articulo
de la Decision 486 le exige al solicitante presentar la informacién que el
examinador esta requiriendo. En cuanto al efecto técnico de las moléculas
descritas, se remite al seior examinador a lo divulgado en las paginas 5 — 6 y 41 -
45 de la descripcion, donde se establece claramente cual es el efecto técnico de
los compuestos de la invencion.

Por otro lado, las figuras 1 - 5 claramente muestran los resultados de pruebas
comparativas entre los compuestos de la presente solicitud y los del arte previo,
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representado por la anterioridad D1. El técnico con habilidad ordinaria en la

materia puede leer dichas figuras y establecer los beneficios de la tecnologia de la
solicitud.

A pesar de lo anterior, el solicitante adjunta una declaracién hecha por el
inventot, en la cual se presentan de manera mas clata las ventajas de la invencion,
asi como los resultados de pruebas comparativas entre los compuestos de la
presente solicitud y los reportados por el arte previo mas cercano, como se
reportan en las figuras 1 a 3 de la solicitud, la antetionndad D1 citada por esa
oficina,

Por ultimo, el examinador objeta la claridad de las reivindicaciones, con el fin de
superar dicha objecion el solicitante presenta un nuevo capitulo reivindicatorio en
el cual se subsanan todas las objeciones presentadas.

3. Excepciones a la patentabilidad

Con el fin de subsanar las objeciones presentadas a la patentabilidad de la
solicitud, el solicitante presenta un nuevo capitulo reivindicatorio donde se
eliminan las reivindicaciones de método de tratamiento.

5. Nivel Inventivo

El examinador objeta la altura inventiva de la presente solicitud, argumentando
que la anterioridad US 6.251.8664 (en adelante D1) ya ofrecia una solucion al
problema técnico planteado en la presente solicitud por lo que, segin el
examinador, las susttuciones de los aminoacidos planteadas por el solicitante ya
eran obvias a la luz de D1.

Al respecto, el solicitante quisiera anotar que no se proporciona ensenanza o
sugerencia alguna en D1 que le permita a2 un técnico con habilidad ordinaria en la
matetia inferit o deducir que cualquier otra sustituciéon de aminoacidos en la
secuencia tendria el mismo cfecto terapéutico. Se le recuerda al examinador que
las secuencias genéticas no son piezas modulares donde la actividad de la
secuencia es independiente de las sustituciones que se realicen. No existe en el
estado del arte ni entre los conocimientos basicos del técnico con habilidad
otdinatia en la materia, forma alguna de predecir si una sustitucion dentro de una
secuencia tendri el efecto deseado o no, pot lo que la afirmacién del examinador
carece de todo sustento técnico.

Sumado a lo anterior, como se puede apreciar en la declaracién del inventor que

se anexa la presente solicitud se enfoca en un compuesto TPO que tene un
residuo f-(2-naftil)alanina, 2-Nal, y una sarcosina o alanina en el residuo 14 de la
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secuencia. La descripcion es clara al establecer detalladamente las propiedades de
los compuestos con el residuo 1-Nal y 2-Nal sustituidos por triptéfano, asi como
los diferentes resultados obtenidos 7z witre e in vivo entre los compuestos que
contienen los tesiduos 1-Nal y 2-Nal. D1 no ensefia los compuestos peptidicos
como se reclaman,

Como se aclara en la declaracién, el residuo 2-Nal proporciona resultados
inesperados sobre el residuo 1-Nal que no se podrian predecir de tal sustitucion.
Estos resultados inesperados diferencian los compuestos de la presente solicitud,
(IEGPTLRQ(2-Nal)LAAR-Sar),-K-NHz, comparados con el  dimero
cortespondiente pero con 1-Nal como sustituyente. La ensefianza general de
sustituir triptéfano con naftilalanina para producir péptidos sintéticos de acuerdo
con D1 no ptoporciona ninguna evidencia relacionada con los resultados
inesperados.

Como se muestra en la descripcion, ver piginas 23 — 25 y figuras 1 — 5, la
presente solicitud ofrece resultados inesperados con los compuestos actualmente
reclamados. Sin importar los alegatos que sostienen que existe una expectativa de
que los compuestos de la presente solicitud tengan la misma actividad del
compuesto de D1, que comprende 1-Nal, los solicitantes han demostrado que los
compuestos tenen propiedades muy diferentes. Por lo tanto, es claro que los
argumentos del examinador no tienen sustento técnico. De hecho, el compuesto
de la presente solicitud exhibe una potencia 10 veces menor que el compuesto 1-
Nal del arte previo, algo que era completamente inesperado. Esto demuestra que
no es posible predecit si compuestos similares con estructuras similares van a
tener las mismas propiedades o no.

En la declaracién anexa se demuestra, entre otras cosas, lo siguiente:

- Que el compuesto GW39058 de D1, que se muestra en el ardeculo
de De Serres y colaboradores adjunto, denominado en adelante “el
dimero PEG 1-Nal” es mas potente que el compuesto TPO 1, en
otras palabras “el dimero PEG 2-Nal”, en un ensayo de reporte de
luciferasa en el cual las células de mutina se modifican para exptesar
de manera estable el receptor TPO humano.

- Que el dimero PEG 1-Nal es mas potente que el dimero PEG 2-Nal
en un modelo de rata in vivo en el cual el conteo de plaquetas se
observa en respuesta a la dosts.

- La potencia y la actividad intrinseca inferior del dimero PEG 2-Nal

tiene una ventaja potencial en la reduccidn o prevencion de los
efectos laterales tras la administracion del dimero PEG 2-Nal a
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humanos.

- Que la poténcia y la actividad intrinseca inferior del dimero PEG 2-
Nal puede ayudar a determinar la biodisponibilidad del dimero PEG
2-Nal en humanos, lo que es un prerrequisito para la aprobacion de
un medicamento por parte de la FDA.

- Que el efecto inmediato del dimero PEG 2-Nal en los niveles de
plaquetas tras la administracién a humanos indica que los humanos
son mas sensibles al compuesto de lo esperado.

- Que los niveles en plasma del dimero PEG 2-Nal en humanos
durante la totalidad del rango de tdempo de medicién solo fue
detectable a dosis muy altas.

- Que tanto D1 como el articulo de De Serres y colaboradores no
proporcionan sugerencia alguna al técnico con habilidad ordinana
en la materia, de que el dimero PEG 2-Nal pudiera ser empleado a
dosis tan bajas y aun propotcionara (a) la habilidad de determinar
importantes parametros PK del dimero PEG 2-Nal en humanos y/o
(b) una tespuesta biologica apropiada en humanos.

En conclusion, la declaracién y los demas documentos anexos muestran que los
resultados de reemplazatr un tesiduo 1-Nal por un residuo 2-Nal no serian
predecibles.

En resumen, me permito decir que gracias a las modificaciones expuestas en ¢l
punto 1 de este memoral y los argumentos anteriormente mencionados, la
presente solicitud cumple cabalmente con los requisitos de claridad, unidad,
patentabilidad y nivel inventivo respecto a los compuestos expuestos en el
capitulo reivindicatorio adjunto. Por lo tanto, solicito comedidamente a ese
despacho se sirva reconocer estos requisitos y conceder el privilegio de patente
de invencion a la solicitud en estudio.

Por 1dltimo, solicitamos a ese despacho pronunciarse en relacion con todos los
argumentos presentados en este memorial dando estricta aplicacién al principio
del debido proceso consagrado en el articulo 29 de la Constitucion Nacional. De
igual forma, si el examinador considera que subsisten razones para objetar la
presente invencidn ruego expedit otro examen de fondo con los debidos
motivos y razones que sustenten su objecién con el fin de que mi mandante
tenga la posibilidad de exponer sus argumentos con base en la interpretacion de
los articulos 45 de la Decision 486 -el cual otorga la facultad al examinador para
emitir los examenes de fondo-, 35 y 59 del Cédigo Contencioso Administrativo
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que sefiala que: “babitndose dado oportunidad a los interesados para expresar sus opiniones,

 con base en las prucbas e informes disponibles, se tomard la decision que serd motivada al
menos en forma sumaria si afecta a particlares” y “(.) deberd proferirse la decision definitiva,
Esta s¢ motivard en sus aspectos de hecho y de derecho, y en los de conventencia si es el caso”,
respectivamente (el subtayado es nuestro).

ot Supernntendente,
ILIA RODRIGUEZD’ALE
CC. 41.654.882 de Bogota,

TP 20824
Céod. 008

P-1938



REIVINDICACIONES

1.- Un compuesto peptidico que se une a un receptor de la
trombopoyetina, en donde el compuesto peptidico comprende (H-
IEGPTLRQ(2-Na)LAARX,,),-K(INH,), en donde X,, se selecciona del grupo

que consiste de sarcosina o B-alanina., y en donde 2-Nal es B-(2-naftiljalanina.

2.- El compuesto de la reivindicacién 1, caracterizado porque el
compuesto peptidico estd unido covalentemente a un polimero hidrofilico.

3.- El compuesto de la reivindicaciéon 2, caracterizado porque el
polimero hidrofilico tiene un peso molecular promedio de entre 500 a 40,000
daltons.

4.- El compuesto de la reivindicacion 2, caractetizado porque el
polimero hidrofilico dene un peso molecular promedio de entre 5,000 y 20,000
daltons.

5.- El compuesto de la reivindicacién 2, caracterizado potrque el
polimero se selecciona del grupo que consiste de polietilenglicol,
polipropilenglicol, acido polilactico y acido poliglicélico.

6.- El compuesto de la reivindicacién 5, caracterizado porque dicho
compuesto esta unido de manera covalente a polietilenglicol.

7.- El compuesto de la reivindicacion 1, caracterizado porque cada
una de las subunidades diméricas del compuesto esta unida covalentemente a un
polimero hidrofilico.

8.- Una composicion farmacéutica que comprende el compuesto de
la reivindicacion 1, en combinacién con un portador farmacéuticamente
aceptable.

9.- Una composicion polipeptidica fisioldgicamente activa,
sustancialmente no inmunogénica, soluble en agua, que comprende un
compuesto peptidico de la reivindicacion 1, acoplado con un agente de
acoplamiento a al menos un polimero que tiene un peso molecular de entre 500 y
20,000 daltons, seleccionado del grupo que consiste de polietilenglicol vy
propilenglicol, en donde el polimero estd no sustituido o sustituido con grupos
alcoxi o alquilo, los grupos alcoxi o alquilo poseen menos que 5 atomos de
carbono.

10.- La composicidn de la reivindicacion 9, caracterizada porque el
polimero tiene un peso molecular de 750 a 15,000 daltons.

11.- La composicién de la reivindicacion 9, caracterizada porque cl
polimero tiene un peso molecular de 5,000 a 10,000 daltons.



12.- La composicidén de la reivindicacion 9, caracterizada porque el
polimero es polietilenglicol.

13.- Una composicion  polipeptidica  sustancialmente  no
inmunogénica, soluble agua, que comprende la composicion de la reivindicacion
9 y un portador farmacéuticamente aceptable.

14.- El compuesto de la reivindicacién 1, caracterizado porque dicha
secuencia de aminoacidos esta ciclizada,

15.- El compuesto de la reivindicacién 1, caracterizado porque dicha
secuencia de aminoacidos esta dimerizada.

16.- El compuesto de la reivindicacidn 1, caracterizado potque el
compuesto comprende la siguiente secuencia de amionoacidos: IEGPTLRQ

(2-Nal) L A AR A, y en donde 2-Nal es B-(2-naftil) alanina.

17.- Un compuesto peptidico que se une al receptor de
trombopoictna, en donde dicho compuesto peptidico comprende (H-
IEGPTLRQ(2-Nal)LAAR(Sar)), K-NH,, en donde 2-Nal es 3-(2-naful) alanina.

18.- El compuesto de la reivindicacion 17, caracterizado porque el
compuesto esta unido covalentemente a un polimero hidrofilico.

19.- El compuesto de la reivindicacién 18, caracterizado porque
dicho polimero se selecciona del grupo que consiste de polietilenglicol,
polipropilenglicol, acido polilactico y acido poliglicélico.

20.- El compuesto de la reivindicacion 19, caracterizado porque
dicho compuesto esta unido covalentemente a polietilenglicol.

21.- El compuesto de la reivindicacién 20, caracterizado porque el
polietilenglicol tiene un peso molecular promedio de entre 5,000 y 20,000
daltons.

22.- El compuesto de la reivindicacion 21, caracterizado ademas
porque el poliedlenglicol se selecciona del grupo que consiste de
monometoxipolietlenglicol (MePEG-OH), monometoxipolietilenglicol-succinato
(MePEG-S), monometoxipolietilenglicol-succinato de succinimidilo (MePEG-S-
NHS), monometoxipolietilenglicol-amina (MePEG-NH2),
monometoxipolietilenglicol-tresilato (MePEG-TRES) ¢
monometoxipolietilenglicol-imidazolil-carbonilo (MePEG-IM).

23- Un compucesro  peptidico que se une al receptor de
trombopoicting que tiene Ly <wrdonte forn:e



IEGPTLRQ@-Na)LAAR (Sar)
\
K(NII,)

/
YEGPTLRQ (2-Na)LA AR (Sar)
en donde (2-Nal) es B-(2-naftil)alanina y (Sar) es sarcosina.

24.- El compuesto de la reivindicacién 23, caracterizado porque el
compuesto esta unido covalentemente a un polimero hidrofilico.

25.- El compuesto de la reivindicacion 24, caracterizado porque el
polimero hidrofilico se sclecciona del grupo que consiste de polietilenglicol,
polipropilenglicol, acido polilactico y icido poliglicolico.

26.- El compuesto de la reivindicacidn 24, caracterizado potque el
polimero hidrofilico es polietilenglicol.

27.- El compuesto de la reivindicaciéon 26, caracterizado porque el
poliedlenglicol tiene un peso molecular promedio de entre 5,000 y 20,000
daltons.

28.- El compuesto de la reivindicacién 26, caracterizado porque el
polietienglicol ~ se  selecciona  del  grupo que  consiste de
monometoxipolietilenglicol (MePEG-OH), monometoxipolietilenglicol-succinato
(MePEG-S), monometoxipolietilenglicol-succinato de succinimidilo (MePEG-S-
NHS), monometoxipolietilenglicol-amina MePEG-NH2),
monometoxipolietilenglicol-tresilato (MePEG-TRES) y
monometoxipolietilenglicol-imidazolil-carbonilo (MePEG-IM).

29.- Un compuesto que se une al receptor de trombopoietina, dicho
compuesto tiene:

(i)  un peso molecular menor a 8,000 daltons; y

(i)  una afinidad de unién al receptor de trombopoietina como lo
expresa un ICy, de no mis de 100 M, en donde dicho compuesto comprende la
siguiente secuencia de aminoacidos: (H-IEGPTLRQ(2-Na)LAARX, g, K-NH,

en donde X,, es sarcosina o B-alanina, y en donde 2-nal es B-(2-naftl)-alanina.



DECLARATION UNDER 37 CFR 1.132

1, David William End, Ph.D. declare and state that :

1. lam currently employed by fohnson & Johason Pharmaccutical Research &
Development. L.L.C. as Senior Director, Compound Development Team Leader; [have
held this position for a period of six years. [have becn employed by a Johnson &
Johnson affiliate for over twenty six years. My cusrent and prior responsibilities are
more fully set forth in my Curriculum Vitae, which is attached hereto as Appendix A.

2. {have a B.S. in biology from Buckncll University, Lewisburg, Pennsylvania, and a
Ph.D. in pharmacology from Medical Center College of Virginia, Richmond, Virginia. 1
completed my postdoctorate in cell biology and neurobiology at the National Institutes of
Health, Bethesda, Maryland.
3. Ihave been working in the ficld of pharmacology for over twenty Six years.
4. 1am familiar with the subjcct matter of US Application Serial No. 10/918,561, which
in onc embodiment covers dimerized peptide compounds comprising the following
sequence:
LEGPTLRQ (2-Nai) LAAR-(Sar)
\
K(NH2)
/

IEGPTLRQ (2-Nal) LAAR-(Sar)

In a preferred cmbodi the peptide seq is PEGyiated and the amino tcrminus of
each monomer is coupled to a polyethylene glycol polymer having a molecular weight of
about 20,000. For purposes of the following discussion, the dimer will be referred to as
“the 2-Nal dimer” and the PEGylated 2-Nal dimer will be referred to as “the PEG-2-Nal
dimer”.

5. Lunderstand that the USPTO has asscrted that the peptide compound identified above
would have been ohvious in view of the disclosure of DeSerres et al., Stem Celi 17: 316-
326. 1999, which identifies a dimerized peptide compound, referred to as AFI5705,
which is similur in structure to the Nal-2-dimer, but for the preseace of a 1-Nal
substitucat in place of the 2-Nal substituent. The DeSerres et al. article also discloses a
second compound, referred to as GW 395058, in which the amino termiaus of each
monormer of AF15705 is coupled to a polyethylene glycol polymer having a molecular
weight of 20,000, For purposes of the following discussion, the unPEGylated dimer will
be refetred 1o as “the 1-Nat dimer” und the PEGylated dimer will be referred to as “the
PEG--Nal dimes™.

\ 2

6. [am also familiar with the procedures and results of the studies disclosed in the
present application, the results of which are depicted in Figures 1-5 of the application.
These figures are attached to this declaration for ease of reference. In bricf, the 1-Nal
dimer and the 2-Nal dimer werc compared for their ability to bind to the TPO receptor.
Additionally, the PEG-1-Nal dimer was compared with the PEG-2-Nal dimer in various
protocols to evaluate the compounds’ relative propertics with respect to (1) the ability to
bind to the TPO receptor, and (2) the ability to stimulate platclet production in vivo. The
protocols for cach test are attached hereto as Appendices B-D.

7. A summary of the results of these comparisons is as follows:

A. Figure | shows the comparative performances of the two unPEGylated dimers
in a biological activity assay designed to d a pound’s ability to
mitmic TPO activity by stimulation of the human TPO receptor cxpressed in
murine cells. In this study, scveral different batches of the 2-Nal dimer were
compared with the 1-Nal dimer, and all compounds tested showed the ability to
activate the TPO receptor. The level of activity is similar for each compound.

B. Figure 2 shows a comparison of the activity of multiple batches of the two
PEGylated dimers, in the same assay as conducted with the 1wo unPEGylated
dimers described in A above. Although both PEGylated dimers showed the
ability to stimutate the human TPO receptor. all batches of the PEG-2-Nal dimer
were substantially less potent than the PEG-1-Nal dimer and had less intrinsic
activity (i.c., produced a lower maximal effect).

C. Figure 3 illustrates the relative potency of the PEG-1-Nal and PEG-2-Nal
dimers in increasing platclet counts in rats in vivo. Reference to this figure will
show that, as also demonstrated in B, above. the PEG-2-Nul dimer is substantially
Icss potent than the PEG-1-Nal dimer. More specifically. the figure shows that
the highest dose of the PEG-2-Nal dimer (0.3 mg/kg) shows the same level of
activity as the lowest dose (0.03 mg/kg) of the PEG-1-Nal dimer. This translates
into approximately a 10-fold difference in potency between the PEG-2-Nal disner
and the PEG-1-Nat dimer, a difference that is indeed surprising, given the
similarity of the two structures. Again, the in vivo intrinsic activity is lower in
good correlation with the in vitro data for the human receptor celi-based assay.

D. Figures 4 and 5 show dosc response curves for the PEG-1-Nal dimer and the
PEG-2-Nal dimer in normal mice. Figure 4 shows increases in platelet levels and
Figure 5 shows increases in Mean Platclet Volume 6 days following

inistrati The two pounds cach showed the ability to stimulate platelet
production, and performed similarly, the latter a h resultin
view of the data mentioned in A-C above. However, the data on which these
graphs are bascd show a substantial degree of variability in response. with fairly
large standard efrors, indicating the possibility that the observed results may not
be wholly indicative of the typical response in mice. The anomaly may have been
duc 10 a less-than-optimum choice of timing for measuring the response and/or an
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irregularity in due o an d tendency for mouse platelets to
clump. In fact, other reported studies conducted on the PEG-1-Nat dimer alone in
mice show that a four-fold increase in platelet levels is obscrved with a single
subcutaneous dose of 10pg/kg (see, e.8., Boytos et al., Blood 1998: 92: 377a
attached hereto as Appendix E), whereas Figure 4 herein only shows a four-fold
increase in platelets after a single intravenous dosc of 100 ng/kg.

8. The results summarized above show that the PEG-2-Nal dimer has a much lower
intrinsic activity and potency than the PEG-1-Nal dimer, a result that is surprising und
unobvious in itsclf because of the similarity in structure between the two compounds.
This lower intrinsic activity and potency has a potential advantage in the possible
reduction or avoidance of side cffects that may occur with a highly potent compound. In

p lar, our clinical P path will require avoidance of platclct excursions to
high levels. In addition, however, an added benefit to the Jower potency is the relative
ease of ing phar inetic (PK) data, a prerequisite for FDA approval, and in

the determination of the actual dosing of the product for administration to human
subjects. As the discussion below shows, the PEG-2-Nat dimer, with its lower potency,
is a far bettcr candidate for clinical use than is the PEG-1-Nal dimer.

9. The PEG-2-Nal dimer was tested in a double-blind, randomized, placebo-controlled
study to ine the pound’s PK and p dynamic (PD) profiles. The
protacol for the study is attached hereto as Appendix F. I brief, scparate dosage groups
were formed for dosages ranging from 0.375 pg/kg to 3 ug/kg. Each dose group received
a single intravenous dose on Day 1, and remained al the clinic until Day 4 for safety
monitoring and PK and PD sampling. The starting dose was 15 pg/kg, and SuCcessive
cohorts planned were 3, 6.25, 12.5, 25 and 50 ug/ke; however, actual dosing schedule
was 1.5, 0.75, 3.75, 3.0, and 2.25. The dosage levels were reduced from those criginally
planned because of the uncxpected effect of the PEG-2-Nal dimer on platelet tevels,
indicating a high level of seasitivity to the compound in humans. Venous blood samples
(4.5 mL) were collecied predose (within 30 minutes prior to dosing) and at 5and 30
minutes. and 1, 2, 4, 8 and 12 hours post dose on Day 1, and on Days 2 (24 hours), 3 (48
hours, 4 (72 hours). 6 (120 hours) 9 (192 hours), 12 (264 hours), and 15 days (336 hours).
Among other PK parameters evaluated, the mean plasma concentration of the PEG-2-Nal
dimer was calculated for all dosage regimens (additional parameters are detailed in
Appendix F). Figures 6 and 7, attached hereto, are graphic representations of the mean
plasma concentration for each dosage plotted against time on linear and log-linear scales.

10. A review of Figures 6 and 7 shows an i ing and p result:

PK analysis shows that the PEG-2-Nal dimer exhibits dose related kinetics, at doses of
0.75 pg/kg or lower, plasma ions of the p d were g Iy below the
limit of quantification of 6.25 ng/mL. Four subjects in the 0.375 pg/kg dose group, und
one subject in the 3.0 g/kg dose group bad no quantifiable plasma levels. Plasma
concentrations of the PEG-2-Nai dimer were only detectablc in the highest dosage
regimens (2.25 and 3 pg/kg) over the entire time range of measurement. With lower
doses, no PEG-2-Nal dimer was detectable in plasma beyond the 24 hour paint, rendering
a number of i PK p: iftable at lower doses.

@

11. Tn view of the PK data reported for the PEG-1-Nal dimer in DeSerres et al., this
result is particularly unexpected. First, the studies in the DeSerres ct al. reference were
conducted on animals (rats and monkeys), and the dosage ranges (IV doses of 500-2000
ug/kg for rats, and 10pg/kg for monkeys) were much higher than those that can be used
in human studies. In the single dosc 1V studics of the PEG-1-Nal dimer of DeScrres et
al., PK parameters were readily measurable over a prolonged time frame. T was
therefore unexpected, based on DeScrres et al., that the amount of the PEG-2-Nal dimer
required to achieve normal platelet levels in humans would be achicved at such low
dosage levels. More significantly, it would not have been expected that the lower
dosages tested would not be detectable in plasma after a very short time period. Itis
worthy of nate that, although DeSerres ct al., on page 319. report a lower detection Limit
in their assay (i.e., 1.6 ng/ml) than was dctectable in Applicants’ studies (i.e., 6 ng/ml),
they also expressly acknowledge that their assay is not specific for measurcment of the
PEG-1-Nal dimer, and may potentially include metabolic fragments of the PEG-1-Nal
dimer. [n contrast, Applicants’ assay, which uses antibodies directed against the peptide
and PEG moieties, is designed to be highly specific for the intact PEGylated dimer. Itis
critical that bioanalytical assays employed in drug development measure parent
compound only.

12. The PK observations on the PEG-2-Nal dimer suggest some surprising benefits for
this compound over the PEG-1-Nal dimer in terms of clinical utility:

(a) In order for a clinical candidate to reccive FDA approval for use in human
subjects, PK data (in particular exposure and climination) must be provided. (21
CFR 320.21B, copy attached as Appendix G). Ata minimum, for confirmation of
a compound’s safety, it is routinely nccessary to at the p d
dosage levels for the compound, (1) that the compound is eliminated from the
body; (2) that there is no accumulation of the compound in the body; and (3) how
the compound behaves in individuals with renal impairment. This is particularly
important with PEGylated compounds, which ase gencrally known to be slowly
eliminated from the body. The standard methodology by which elimination is
demonstrated is by submission of PK data over a prolonged time period, i.e., for
at least the amount of time required to determine the compound’s hall-fife in the
body. Therefore, the inability to monitor the presence of the compound in plasma
over an extended period after ini ion virtually the p i

of the necessary safety data. It is also critical to know the safe maximal exposure
in order to execute definitive QT cardiovascular salety studics, which the FDA is
requiring for this compound.

() As shown above, PK data are determinablc for the PEG-2-Nal dimer only at
the highest tolerated and safc doses administered. Given that the PEG-1-Nal
dimer is at lcast 10 times more potent than the PEG-2-Nal dimer, it is expected
that the appropriate dosage range for administration of the PEG-1-Nal dimer will
be on the order of 10-fold less than the useful dosage range for the PEG-2-Nat
dimer. Based on the present observations of PK data for the PEG-2-Nal dimer, it
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is therefore expected that the dosage range of cven the highest usablc dosage of
the PEG-1-Nal will be well below the detectable limit using the available testing 1-5 from present application
hodols Thus, provision of bi ilability data for the PEG-1-Nal dimer

will be at best extremely difficult, if not impossible, making it an undesirat 67 from 11/400.216

candidate for use in humans.
13. Thus, the obscrved PK and PD data suggest that, natwithstanding the lower potency -
of the PEG-2-Nal dimer relative (o the PEG-1-Nal dimer, the PEG-2-Nal dimer exhibits a Appendices
PD profile that confirms its clinical utility, while exhibiting a measurable PK. profile that o : e
makes it a more desirable candidate for clinical application than the PEG-1-Nal dimer. Appendix A: Curriculum Vitae
That the tower potency the PEG-2-Nal dimer should be a better clinical candidate than _— L it
the highly potent PEG-1-Nal dimer is indeed surprising, and would not have been Appendix B: Protocol for biological activity assay

predicted from any disclosure in the DeSerrcs et al. reference. Appendix C: Protocol for rat studies
14. Ideclare that all statcments made herein of my own knowledge are true and that all

statements made on information and belicf are believed to be truc; and further, that these Appendix D: Protocol for mouse studies
statcments werc made with the knowledge that willful false statements and the like so )

madc are punishable by [ine, or impri or both, under Section 1001 of Title 18 of Appendix E: Boytos et al. (1998)

the United States Code and that such willfut false statcments may jeopardize the validity

of the application or any patent issuing thereon. Appendix F: Protocol for PK studics

. - Appendix G: Copy of 21 CFR 320.21B
Date: Sllb 2o0g By: \Dawj) &):@tlﬂ E,.,P
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APPENDIX & BIOLOGICAL ACTEVITY ASSAY FOR TPO MIMETICS

This assay utilizes murine cells engineered (o stably express the human TPO receptor (FRTPO) ¢-
mpt and a luciferase reporter construct driven by the fos promoter. For these studies, plasma
spiked with the test compound were incubated with starved reposter cells. Tn plasma, this

activity is d as a combinatios of TPO which cross reacts with the human
receptor on the engineered reporter cells as well as thTPO or \ that was dosed to the
animal. k

i
PEL 3- Y
1 MATERIALS AND METHODS e

Ll GROWING AND MAINTAINING WEHI-3 MURINE LEUKEMIA CELLS

GROWTH PROPERTIES:

WEHI-3B cells grow primarily in suspension, but many cells will attach. Cells will double in
number approximately every 24 hours. Growth media is DMEM supplemented with 10% heat
inacti d FBS, 2 mM L-G| ine and 50 ug/mt ici

SUBCULTURING:

Cell density should be maintained between 0.2 x 10* and 2.0 x 10° cellsfmL at 37°C and 5% CO..

Adherents may be harvested by scraping. Use trypan blue to count viable cells prior to
subculturing.

SUPPLIES AND REAGENTS:

+  WEHI-3 Cells—ATCC HTIB-68
DMEM-—BioWhittaker #12-604F
FBS—Mediatech #35-011-C
L-Glutamine—BioWhittaker #17-605E
Gentamicin—BioWhittaker #17-518Z
0.4% Trypan Blue—BioWhittaker £17-942E
Coming T150cm® TC Flask, #430825

)

1.2 PREPARING CONDITIONED MEDIUM FROM WEHI-3 CELLS

METHOD;
o Day1: Seed WEHI-3at0.2 x 10° cells/mL in 25mL complete medium into eight T150
flasks (will vield approximately 200mL conditioned medium). This can be scaled up or
down as needed.

e« Day 4: Cells should be at about 1.6 x 10° cells/mL. Transfer supematant to 50mL.
conical tubes and spin at 450ref for 3.5 minutes to peliet any cells. Transfer these
supematants to a Nalgene filter apparatus and filter steritize. Aliquot and freeze at -
80°C. Preparc a few microtube aliquots to be tested later for IL-3 concentration. Split
some cefls back to carry at 0.2 x 10° cells/mL.

«  Approximately every 4 days, collect supematant as above, seeding fresh flasks to be
carried.

o Pool all supernatants and measure 1L-3 concentration using an 1E.-3 ELISA kit

gi



SUPPLIES AND REAGENTS:
* Coming T150cm’ TC Flask, #430825
«  Nalgene CN Filter Unit, 0.2um pore size, #450-0020
e IL-3 ELISA Kit. R&D Systems #M3000

13 GROWING AND MAINTAINING BAF/3 CELL LINES

GROWTH PROPERTIES:

Baf/3 cell lines are IL-3-dependent murine lymphoma. including a control line stably expressing
the hTPOr only (no luciferase) and a line of Baff3 cells HuTPO-r fus/lux expressing both the
hTPOr gene and luciferase under the control of the fos promoter. These suspension cells double
in number approximately every 12 hours.

SUBCULTURING:

Cell density should be maintained between 0.025 x 10° cells/mL to 2.0 x 10° cel/mL at 37°C and

5% €O, in DMEM/F12 50/50 mix with 10% heat inacti FBS, 10% WEHI-3B
it media, 2 mM L-G ine and 50 ug/ml i Use trypan blue to count viable

cells prior to splitting or plating and use passage 10-£2 or less for reporter assay.

SUPPLIES AND REAGENTS:

*  Baff3 cell lines
DMEM/F12-—Mediatech #10-090-CV
FBS—Mediatech #35-011-CV
L.-Glutamine—BioWhittaker #17-605E
Gentamicin—BioWhittaker #17-518Z
0.4% Trypan Blue—BioWhittaker #17-942E
Coming T75cm? TC Flask # 430641

e 0 s 0.

14 hTPOr REPORTER ASSAY PROTOCOL

Day 1—Starve logarithmically growing Baff3 cells overnight (about 18 hours) in starving
medium (complete medium containing only 0.1% WEHI-3 conditioned medium).

«  Spin down 15mL cells at 450rcf for 3.5 minutes at RT; aspirate supematant

+  Resuspend in | SwlL starving medium and spin again: aspirate supernatant

«  Resuspend in [3ml starving medium and phace into a TC flask

«  [ncubate overnight at 37°C, 5% CO».

Day 2—Perform reporter assay:

*  Spin 15mL starved cclls at 450zcf 3.5 min; aspirale supernatant.

*  Add 15ml. assay medium (complete medium without WEHI-3 conditioned medium and
without phenol red) and spin again; aspirate supematant,

*  Add Sml assay medium and count viable cells using trypan blue staining.

+ Dilutecells to t x 10° cells/mL and aliquot SOul /well into a 96-well white luminometer

late.

= Add 50ul. of 2X compound (in assay media or plasma diluted with assay medium) to
cells: mix.

« Incubate a1t 37°C, 5% CO; for 2 hours (covered).

o Add 100ulAwell Luc-Screen tuciferase substrate, pipetting up and down to mix. Incubate

reaction 10min at RT.
*  Read on luminometer or scintitlation counter that has been set up to read extended glow

luminescence.

Starving Medium—Complete Baf/3 Medium containing only 0.t% WEHI-3 C.M.

Assay Medium—Complete Baf/3 Medium containing NO WEHI-3 C.M. and NO phenol red
(phenol red interferes with luciferase signal).

Luc-S i bstrate—thaw buffers | and 2; mix equal volumes of each buffer and
bring to RT in the dark.

SUPPLIES AND REAGENTS:
White luminometer plates—Costar #3789
Lue-Screen Reporter Assay System—Applied Biosystems #LS1000

hi
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poictic activity of TPO mimetics

Appendix C Protocol for Pr Studies on the

Normal male Wistar rats were used for the studies. All procedures involving animals were
conducted in a animal facility fully accredited by the American Association for Assessment and
Accreditation of Laboratory Animal Care an in accordance with The Guide for the Care and Use
of Laboratory Animals (NH).

Male rats, 10 weeks of age, were treated with single intravenous doses of the test compounds at
30, 100 or 300 pg/kg (40 rats/group). At predose, 96, 144, 192, 240, 288, and 312 hours post
dose, approximately 0.5 mL of blood was collected by puncture of the jugular vein of
unanesthetized rats (S rats per time point, EDTA as anticoagulant) and platelet counts were
assessed using an automated hematology analysis system. Animals were fasted ovemnight, with
water available, prior to each sample collection.

Appendix ¢ Protocol for measuring dose-dependent effects of TP mimetics on
platelet counts in BALB/c Mice

1. Sample preparation: A 10mg/ml stock solution was prepared for each compound
in sterile saline. To dissolve the test compound without foaming, the preparation
was placed on a gyratory shaker for 15 minutes at 200 rpm. The stock was
filtered using a GV Millex (.22um) filter. Dosing solutions were then prepared
from this stock using sterile saline. Stock and dosing solutions were prepared
fresh on the day of use. Residual stock and dosing were archived at -70°C in the
dark.

2. Test animals: 65 BALB/c mice 8-9 weeks old (Charles River) were used for the

study.

3. Dosing: The groups of mice (5 mice/group) were treated with vehicle (sterile
saline, $S, preservative-free 0.9% sodium chloride inj., USP, Lot # 65-376-DK,
Abbott Laboratories, North Chicago [llinois) or increasing amounts of either

PEG-1-Nal or PEG-2-Nal by iv(bolus) as delineated in the tablc betow. The dosc

was administered on a per-weight basis (100 ul/10g body weight)

Treatment Grox
2 Dose (i), Day 0 Bioed Col
100uV10p BW ac S mice on Day
10ug/kg fac § mice on Day
30ugh ac S mice on Day
100up/kg ac 3 mice on Day
300ug/kg c 3 mice on Day
1000uwkg S2¢ 5 mice on Day
3000ug/ke ac 5 mice on Day
10up/kg nc $ mice on Day
30up/ uc 5 mice on Day
100upg ac 5 mice on Day
300ng/kg Sac 3 mice on Day,
1000up/kg ac 5 mice on Day
3000ugke. ac 5 mice on Oay
Gp = Group; Sac = Sacrifice

A viability check was conducted in the a.m. for cach day of the study.

On D;\y 6 all mice in cach test group were weighed and then sacrificed using COq-
and it via ca(dlac puncrun: The blood wnples were

uam(errt,d to separate EDTA (

was

der-t and a h
conducted (i.¢., CBC with absolute plalelcl counts and MPV).
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Appendix D: Protocol for study to evaluate pharmacodynamics and

phar kinetics of single ding int doses in healthy men

This study was a double-blind, randomized, placebo-controlled study. Each dose group
consisted of a separate set of & subjects; 6 receive active treatment and 2 placebo. For
each dose group, subjects were admitted to the Clinical Research Unit in the moming of
the day before dosing (Day -1). On Day 1 subjects received a single intravenous dose of
PEG-2-Nal or matching placebo given as a bolus. Subjects remained in the clinic until
Day 4 for safety monitoring and PK and PD sumpling. Subjects retumed to the unit on
Days 6,9, 12, 15, 17, 22, and 29 for additional evaluations. On these days the subjects
remained fasted on the morning of the visit. The starting dose was 1.5 pg/kg and
successive cohorts planned were 3, 6.25, 12.5, 25, and 50 ug/kg of PEG-2-Nal; the actual
dosing schedule was: 1.5, .75, 0.375, 3.0 and 2.25 pg/kg.

For all doses the iv administration rate was 0.5 mL/min. However, the volume and time
of inistration differed ding on the dose administered. For the 1.5, 2.25 and 3.0

pg/kg doses 2 mL was administered over 4 minutes; for the 0.375 and 0.75 pg/kg doses

0.5 mL over I minute and | mL over 2 minutes was administered, respectively.

Doses were administered comrected for body weight: the dose unit (ug) each subject
received is summarized in Table 1. Body weights of subjects receiving PEG-2-Nal
ranged from 61.8 10 99.0 ke.

Table I: Summary of body weights (only subject receiving PEG-2-Nal) and dose unit
ranges for each dose group

1.5
225

76.9 (68.5-83.5)
79.9 (68.7-95.1)

115 (103-125)
180 (155-214)

30 76.1 (64.7-89.5) 228 (194-269)

Dose Mean Body Weight (min-max) Mean Dose Unit* (mig-max)
nekg kg e

0.375 76.3 (70.5-80.0) 28.6(26.4-3-.0)

0.75 78.0 (61.8-99.0) 58.5(46.4-74.3)

* Dose unit/ug = (Body weight/kg) x (Dose/ug/ke)

Pharmacokinetic Assessments

A Sampling and Bioanalysis

Venous bleod samples (4.5 mL) were collected predose (within 30 minutes prior to
dosing) and at 5 and 30 minutes and 1, 2, 4, 8 and 12 hours post dose on Day 1 and oo
Days 2 (24 hours), 3 (48 hours), 4 (72 hours), 6 (120 hours), 9 (192 hours), 12 (264
hours), and 15 days (336 hours) post dose for determination of JNJ-26366821 (RWJ-
800088) plasma concentrations. The sampling scheme for the 2.25 ug/kg dose was
slightly different from that used fro the other dose groups: predose (within 30 minutes
prior to dosing) and at $ and 30 minutes and 1,2, 4, 8,12, 18, 24, 36, 48, 60, 72 and 120
hours post dose (i.e. post start of administration).

Urine samples for determination of PEG-2-Nal concentrations were collccted predose
(within 1 hour prior to dosing taken from urine coltected after subjects had been
instructed to void their bladder) and over the following intervals: 0-24, 24-48 and 48-72

hours post dose.

Plasma and urine samples were analyzed for PEG-2-Nal using a validated enzyme linked
immunosorbent assay (ELISA) method. ‘The assay limit of quantification was 6.25

ng/mL for plasma and urine.

B. Pharmacokinetic Analysis
Where the data allowed, the following plasma phar kinetic | were
determined for PEG-2-Nal using non-compartmental analysis:

. i plasma i0n (Cenn ): Obtained directly from the plasma

concentration data

12



Time of Copax (tmax): obtained directly from the plasma concentration data

o Elimination hatf-life (i) calculated as tiz = (1n 2)/, where 1, is estimataed by
linear regression of the natural log transformed concentration versus time data, in

general using at least three data points (excluding the Coy value)

Area under the concentration versus time curve from the 0 to infinity {AUCeo):
calculated 25 AUCqo = AUCky + Cras/ %z Where AUCis is the area under the

concentration-titne curve from time zero to the time of the last quantifiable

concentration, Ciag is the last observed quantifiable concentration, and A, is the

terminal elimination rate constant.

AUCq.2: area under the plasma concentration-time curve from time 0 o 24 hours,

lated by linear trap

were

Where the data allowed, the following urine pharmacokinetic p:
determined for PEG-2-Nal:

o Cumulative amount of dl.'ug excreted in urine over 72 hours post dose (Aep):
calculated by the summation of the urine volumes of the collection intervals

Itiplied by the i urine drug

Appendix & 1998 ASH Abstract No, 1554

PEGYLATED THROMBOPOIETIN-MIMETIC PEPTIDES ELEVATE BLOOD
PLATELETS AND ABLATE THE CHEMOTHERAPY-INDUCED PLATELET
NADIR IN MICE. C. M. Boytos, 5. K. Rudoiph*, C. Merreli*, R, DePrince*, D.
Weig[*, *, and G, Lalonde*. Glaxo Welicome Inc., Research Triangle
Park, NC and Affymax Research Institute, Palo Alto, CA.

Single iow doses of diPEGylated thrombopoietin-mimetic peptides (GW350805 or
GW395058) stimulated platelet production in normal mice and ablated chemotherapy-
induced thrombocytopenia in mice. GW350805 and GW395058 were derived from the
linear peptide dimers AF13948 and AF15705, respectively, by covalent linkage with 20000
MW polyethylene glycol. PEGylation increased the t V2 for elimination in mice from
minutes for the parent peptides AF13948 or AF15705 to hours for the PEGylated peptides,
GW350805 and GW395058. The unPEGylated parent peptides, AF13948 and AF15705,
elevated blood platelets only 1.2- and 1.5-fold, respectively, at a dose of 1000 ug/kg. In
contrast, four-fold increases in peak piatelet levels were achieved 6 to 8 days after a
single subcutaneous dose of GW350805 (2.5 ug/kg) or GW395058 (10 ug/kg), and
platelet levels retumed to normal by day 12. Doses of GW350805 and GW395058 as low
as 0.1 or 1 ug/kg, respectively, elevated platelets 2-fold above baseline. Platelet levels in
normal mice were elevated in a dose-dependent manner with increasing doses of the
PEGylated peptides up to doses of 10 ug/kg (GW350805) and 25 ug/kg {GwW395058),
beyond which stimuiation of platelet production decreased. In a murine modei of
carboplatin-induced thrombocytopenia, a single dose of either PEGytated peptide ablated
the platelet nadir. In conciusion, these results suggest that GW350805 and GW395058
have the potential to prevent chemotherapy-induced thrombocytopenia,

Introduction

* AF13948 and AF15705, human thrombopoietin (TPO) receptor agonists, are
composed of 29 and 30-amino acid peptide chains, respectively, that are
covalently linked through their C-termini. GW350805 and GW395058 are
AF13948 and AF15705, respectively, that have been diPEGylated with 20,000
MW polyethylene giycol (PEG) at the N-termini. They are being evaluated for
the treatment of chemotherapy-induced thrombocytopenia.

* DiPEGylation of the parent TPO mimetic peptides, AF13948 and AF15705,
caused a marked increase in stimulation of thrombocytosis in the mouse.

The diPEGylated peptide mimetics, GW350805 and GW395058, elevated
plateiet levels four-fold in mice in a dose-dependent manner.
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* Single-dose regimens achieved equivalent maximal
S al platelet stimulation as

= Asingle subcutaneous dose of the diPEGylated peptidi
carbopiatin-induced platelet nadir, 4 peptide mimetics sblated the

APPERDIX ¢

§320.21
Subpart B—Procedures for Deter-

21 CFR Ch, | (4-1-07 Edition)

ical atudies are reguired to support the
w ar

mining the of
Bicequivatence of Drug Prod-
ucts

SouRcE: nmum Jan. 1, (977, uoless otb-
ors

§32021 Requirements for submi
of ln vivo blosvailabillty g
quivalence da
(3) Any porson submitting & fult new
drug application to the Food anc
Administration (FDA) shall erade
the application elther:
(1) Evidence measuring the in vivo
bloavailability ol l.he drug wodu-.r. that
13 the subect of th

d) FDA may approve a full now drug
application, ar o supplemental applica-
tion proposing any of the changes set
forth in paragraph (c) of this section.
that does not contaln evidence of in
vivo bioavallability or information to
pecrmit waiver of the requirement for in
vivo bloavallability data, if all of the
followiag condittons are met.

(1) The application is otherwise ap-
provable.

(2) The application agrees to submit,
Wllhln the time specified by FDA. ef-
ther:

(1) Evidence meosuring the tn vivo
and the

{2) Information ‘o permit PD:\ to
walve the submission of evidence meas-
uring 1o vivo bloavallability.

(b} Any person submitting an abbre-

new drug_application to FDA
shall include in the application ejther:

(1) Evidence demonstratiig that the
drug product that 1a the subjact of l;he
abbreviated new drug

in vivo biccquivalence of the drug
Drodmct than 13 the auhject of the appti-
cation:

(1 lnfnrm:.\blou to permit FDA to
walve measurement of in vivo bilo-
availability

) Evidence measuring the in vivo
Noavallamny and demonstrating the

bloequivalent. to the reference Taces
drug (do Ined (n §314.3(b) of this chap-
ter); o1

@) Informacion to show that the drug
product Is bloequivalent to the ref-
erence listed drug which would pecmit
FDA to waive the :nbmluhm of evi-

Lo vive of a drug prod-
uct shadl be obtained using one ol che
approaches for determining  blo-
avaliability sat forth in §320.24.

(0 Information to permit FDA to
walve the submission of evidence meas-
uring the In vivo bloavailability or
in vivo bdioegqulva-

dence
lence as provided ll\ mmph 1y of
this section.

(c) Any person submitting a supple-
mental application to FDA shall in-
clude in the supplemental apptication
the evidence or information ect forth
In paragraphs {a) and (b) of this soction

lence ehal! maev. I‘.hc celterla set forth
Ln §320.

() Any person botding an approved
full or abbreviated new drug applica-
tion shall submit to FDA u supple-
mental appileation contalning new evi-
denco meuurlnr the in vivo bio-
the tn

It the pro-
poses any of the failowing changes:

(1) A change in the manufacturing
sits or a change in the manufaccuring
process, includtog a change tn product.
Tormulation or dosage strenkth, bovond
the variations provided for In the ap-
proved applcation.

2) A change (n the labeling o pro-
vide for a new (ndication for use uf Lhe
drug product, If clinieal studics are ce-
quired to support the new indicatlon
for uze,

(3) A change In the labellng o pro-
vide for a new dosage regtman or for an
addivtonal dosage regimen for o special
ratient population. e.x., infants, 1f clln-

vivo blwqulvalem of the drug product
that 13 the subject of che annlxcmon it
notified by FDA that:

(1) There are data demonstrating
that the dosage regimen in the labeling
Is based on incorrect aasumptions or
facts regarding the pharmacolinetics
of Lhe drag product and thab followink
this dosage regimen coud potentially
resutt In subtherapeutic or toxic levels:
or

2) There are data measuring signifi-
cant intra-bateh and baveh-to-batch
variability. e.4.. plus or minus 25 per-
cent. In the bioavailability of the drug
product.
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Food and Drug Administration, HHS

(b) The requirements of this scction
regarding the submission of evidence
measuring the Lo vivo bloavallability
or demonstrating the In vivo bilo-
equivalence apply only to a full or ad-
breviated mew drug application or a
supplemental application for A fintshed
dosaya formulation.

(57 FR 17999, Apr. 23, 1992, as amended at 67
FR 7872, Dec. 19, 2000

432022 Crikenz for waiver of evidence

§320.22

(1) 18 administered by Inbalation as a
gus, eg., & medicinal or an inhalation
anesthetic: an

(1t) Contains an active ingredient in
the same dosage form a3 & drug product
that 1s the subject of an approved full
new drug application or abbreviated
new drug applicacion.

(3) The drug product:

1) Is & wluuun for appllcation to the

skin, an solution, elixir, syrup,
Llncture a Aolu!lo:l for aerosolization
oasal solutlon, of

of in or bio-
Suivalonce.

{a) Any person submitting a fuli or
abbreviated now drug appiication. or a
supplemental application proposing
any of the changes set forth In
§320.21(¢), may request FDA to walve
vhe requirement for the submission of

vidence measuring the in vivo bio-
avallabliity of demonstratig the in
vivo bloequivalenca of the drug product

-lmunr other Soiubliized form: and

(ii) Contains an active drug Ingra-
dient in tha same concentration and
d as a drug prodact that is
the subject of an approved full new
drug application or abbreviated new
drug application: and

(111) Contains no lpactive logredieat
or other change tn formulation from
the drug product that s the subject of
the approved full now drug application

that (8 the subject of the
An applicant shall aubmit a roquest for
walver with the eppiication Except as
provided in pacagraph (0 of this sec-
tion, FDA shall walve the requirement
for the submission uf evidence of in

or

that may signiflcantly affect absorp-
tlon of the active drug Ingredient or
active mofety for products that are
systemically absorbed, of that may sig-
nificantly affect systemic or local

vivo
1f the drug product muu any of
provisiona of paragraphs (b). (¢). (d) or
(e) of this sectlon.

(b) For certain l!rug pmdncu the in

for producta intended to

act localty.

(¢) FDA eball walve the requirement
for the submission of evidence meas-
aring the la vivo bioavailabillty or

of the drug produ ct mur be self-avi-
dent. PDA shall watve tha requirement
for thoe submission or nvlt\ence obtatned

lence of a svlid oral dosage form {other
than a delayed release or extended re-
lease dosage form) of a drug product

ln vivo

3 be enz-:uu for at least
D cacy

e of
thess drug products, A drug product’s
in wivo bioavailability or bicequiva-
tence may be considered self-evident
based on other data In tke application
If the product meets one of the fol-
lowlng criteria:

1) The drug product:

(i} 1 2 parenteral solution Intended
sotely for administration by Injection,
or an ophthalmic or otic solution: and

(if) Contalna the same active and in-
active Ingredients in the same con-
cengration as a drug product thal is the
subject of an approved full new drug
applcation or abbreviated new drug
applitasion.

(2) The drug produst:

Stuay [mnlumnmuon nosice or which
1s 1dentical, related. or similar to such
a drug product under §310.6 of this
cnapm unless FDA has evaluated the
drug product under the critoria set
forth 1n §320.33, inciuded the drug prod-
uct in the Appraved Drug Products
with -rhempumc Equivaleacs Evalua-
tions List. and rated the drug product
as baving a known or potential blo-
“aulvalence problom. A drug product 3o
rated reflects a determination by FDA
that an In vivo hivequivalonce studs is
requiced,

(d) For certain drug products, blo-
availabiiity may be measured or blo-
equivalence may be demonstrated by
evidence obtained in vitro in lieu of In
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Pigs. 6 & 7: Mean { +SD) P 2-Nal plasma ation
versus time plots (linear aud log-linear scales)

APPENDIX A

CURRICULUM VITAE

David William End, Ph.D.

£ 1530 North Fiedlor Rd Johnson and Johnson
‘f:' 3:’::: Maple Glen, PA 19002 Pharmaceutical Research and
3 Py (215) 646-4098 Development, L.L.C.
= 4 22500%3 Welsh and McKean Roads
g kil Spring House PA, 19477
Phone: 215-628-5852
E dend1@prdus.jnj.com
2
EDUCATION:
8 Institution Specialty Degree Years
o 0 o » © 50 0 o
Nomiosl tma post agninistored doss. b
National Institutes of Health  Cell Biokogy Postdoctorate 1979-1982
Bathesda, MD Neurobiology
w; Medical College of Virginia  Pharmacology Ph.D. 1975-1979
! Aichmond, VA
Bucknelt University Biotogy B.S.. Magna Cum Laude 1871-1975
Lewisburg, PA
g PR EXPERIENCE:
7 -0- o18urg
? 0 1300y Employer Title Years
3 0 B 225wy
g e Johnson and Johnson Senior Director 2002-present
H Pharmaceutical Research
i ) and Development
Responsibilities: Project Leader role to develop project pians from discovery to clinical proof of
concepl.
Lead highty matrixed intra- and intercompany teams through proof of concept studies
and transition to Phase 28,
o - Therapeutic areas of oncology supportive care, hematology, pain and urology
v 10 ) 0 o © @ 0
Hmne tmo pust zomhiored dote. Janssen Senior Research Fellow 1998-2002
Research Fellow 1993-1998
Principal Scientist 1990-1993

Responsibrlities:

Creale drug discovery programs in oncology.
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Establish and maintain high ical screens, y cellular tests
and animal tumor models.

Provide preclinical support for clinical development including biomarker studies.
Supervise additional ancology target efforts

«  Firstteam to bring a famesy! protein transfarase inhibitor into clinical
development,
« Retinoic acid metabolism and a variety of other oncology targets probed.

Rober Wood Johnson Principal Scientist 1989-19%0
Pharmaceutical Research

Institvie

Responsibiliies:  Establish drug di y research in is and

Janssen Research Foundation Principal Scientist 1987-1889
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APPENDIX & BIOLOGICAL ACTIVITY ASSAY FOR TPO MIMETICS

This assay utilizes murine cclls cagineered to stably express the human TPO receptor (thTPO) c-
mpl and 2 luciferase reporter construct driven by the fos promoter. For these studies, plasma
spiked with the test compound were incubated with starved reporter cells. T plasma, this
activity is dasa bination of end TPO which cross reacts with the human
receptor on the engineered reporter cells as weil as thTPO or | that was dosed to the
animaf. sy

L
PEL 2- b
1. MATERIALS AND METHODS dwe

11 GROWING AND MAINTAINING WEHI-3 MURINE LEUKEMIA CELLS

GROWTH PROPERTIES:

WEHI-3B cells grow primarily in suspension, but many cells will attach. Cells wilt double in
number approximately every 24 hours. Growth media is DMEM supplemented with 10% heat
inacti FBS,2 mM L-G ine and 50 ug/mi icil

SUBCULTURING:

Cell density should be maintained between 0.2 x 10% and 2.0 x 10° cells/mL at 37°C and 5% CO».

Adherents may be harvested by scraping. Use trypan blue to count viable cells prior to
subculturing.

SUPPLIES AND REAGENTS:

WEHI-3 Cells—ATCC #TIB-68
DMEM—BioWhittaker #12-604F
FBS—Mediatech #35-011-C
L-Glutamine-—BioWhittaker #17-605E
Gentamicin—BioWhittaker #17-518Z

0.4% Trypan Blue~BioWhittaker #17-942E
Corning T150cm” TC Flask, #430825

« e s e s 0.

1.2 PREPARING CONDITIONED MEDIUM FROM WEHI-3 CELLS

METHOD:
o Day1: Seed WEHI-3at0.2 x 10* cells/mL in 25mL complete medium into cight T150
flasks (will vield approximately 200mL conditioned medium). This can be scaled up or
down as needed.

« Day 4: Cells should be at about 1.6 x 10° celts/mL. Transfer supematant to S0mL.
conical tubes and spin at 450rc( for 3.5 minutes to pelict any cells. Transfer these
supernatants to a Nalgene filter apparatus and filter sterilize. Aliquot and freeze at -
80°C. Preparc a few microtube aliquots to be tested later for 1L.-3 concentration. Split
some cells back to carry at 0.2 x 10° celis/mL.

o Approximately every 4 days, collect superatant as above, seeding fresh flasks to be
carried.

+  Pool all supernatants and measure |L-3 concentration using an 1.-3 ELISA kit.
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SUPPLIES AND REAGENTS:
«  Coming T1S0cm’ TC Flask, #430825
« Nalgene CN Filter Unit, 0.2om pore size, #450-0020
o [L-3 ELISA Kit, R&D Systems #M3000

13 ‘GROWING AND MAINTAINING BAF/3 CELL LINES

GROWTH PROPERTIES:

Baff3 cell fines are IL-3 murine a controt line stably expressing

the hTPOr only (no luciferase) and a line of Baff3 cells HuTPO-r fos/lux expressing both the

hTPOr gene and luci under th trol of the fos p These ton cells double

in number approximately every 12 hours.

SUBCULTURING:

Cell density should be maintained between 0.025 x 10° cells/mL to 2.0 x 10° cell’mL at 37°C and

5% CO; in DMEM/F12 50/50 mix with 10% heat inactivated FBS, 10% WEHI-3B
itioned media, 2 mM L-GI ine and 50 ug/m! Use trypan blue to count viable

cells prior to splitting or plating and use passage 10-12 or less for reporter assay.

SUPPLIES AND REAGENTS:

* Baf3cell lines
DMEMF 12—Mediatech #10-090-CV
FBS—Mediatech #35-011-CV
L-Glutamine—BioWhittaker §17-605E
Gentamicin—BioWhittaker #17-518Z
0.4% Trypan Blue—BioWhittaker #17-942E
Coming T75cm’ TC Flask # 430641

14 hTPOr REPORTER ASSAY PROTOCOL

Day 1—Starve logarithmically growing Baf?3 cells overnight (about 18 hours) in starving
medium (complete medium containing only 0.1% WEHI-3 conditioned medium).

«  Spin down 15mL cells at 450rcf for 3.5 minutes al R'F: aspirate supernatant

* Resuspend in 15mL starving medium and spin again; aspirate supematant

e Resuspend in 15mL starving medium and place into a TC flask

« Incubate ovemight at 37°C, 5% CO,.

Day 2—Perform reporter assay:

«  Spin 1SmL starved cells at 450rcf 3.5 min; aspirate supematant.

®  Add 15ml. assay medium (complete medium without WEHI-3 conditioned medinm and
without phenol red) and spin again; aspirale supernatant.

e Add Smi assay medium and count viable cells using trypan blue staining.

« Dilute cells to | x 10° cells/mL. and aliquot S0ul /well into a 96-well white luminometer
plate.

«  Add 50uL, of 2X compound (in assay media or plasma diluted with assay medium) o
cells: mix.

s Incubate a1 37°C, 5% CO, for 2 hours (covered).

o Add 100uL/well Luc-Screen fuciferase substrate, pipetting up and dowan to mix. [ncubate
reaction 10min at RT.
« Read on luminometer or scintillation counter that has been set up o read extended glow

luminescence.

Starving Medium-—Complete Baf/3 Medium containing only 0.1% WEHI-3 C.M.

Assay Medium—Complete Baf/3 Medium containing NO WEHI-3 C.M. and NO phenot red
{phenol red interfercs with luciferase signal).

Luc-S¢ il bstrate—thaw buffers | and 2; mix equal volumes of cach buffer and
bring to RT in the dark.

SUPPLIES AND REAGENTS:
White luminometer plates—Costar #3789
Luc-Screen Reporter Assay System—Applied Biosystems #LS1000
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Appendix C Protocol for Preclinical Studies on thrombopoietic activity of TPO mimetics

Normal male Wistar rats were used for the studies. All procedures involving animals were
conducted in a animal facility fully accredited by the Ameri iation for A and
Accreditation of Laboratory Animal Care an in accordance with The Guide for the Care and Use
of Laboratory Animals (N[H).

Male rats, 10 weeks of age, were treated with single intravenous doses of the test compounds at
30, 100 or 300 pg/kg (40 rats/group). Al predose, 96, 144, 192, 240, 288, and 312 hours post
dose, approximately 0.5 mL of blood was collected by puncture of the jugular vein of
unanesthetized rats (5 rats per time point, EDTA as anticoagutant) and platelet counts were
assessed using an automated hematology analysis system. Animals were fasted ovemight, with
water available, prior to each sample collection.

Appendix ¢ Protocol for measuring dose-dependent effects of TPO mimetics on
platelet counts in BALB/c Mice

1. Sample preparation; A 10mg/mi stock solution was prepared for cach compound

in sterile saline. To dissolve the test compound without foaming, the preparation
was placed on a gyratory shaker for 15 minutes at 200 rpm. The stock was
filtered using a GV Millex (.22pm) filter. Dosing solutions were then prepared
from this stock using sterile saline. Stock and dosing solutions were prepared
fresh on the day of use. Residual stock and dosing were archived at -70°C in the
dark

2. Testanimals: 65 BALB/c mice 8-9 wecks old (Charles River) were used for the

study.

3. Dosing: The groups of mice (5 mice/group) were treated with vehicle (sterile

saline, SS, preservative-free 0.9% sodium chloride inj., USP, Lot # 65-376-DK,
Abbott Laboratories, North Chicago Illinois) or increasing amounts of cither
PEG-1-Nal or PEG-2-Nal by iv(bolus) as delineated in the tablc below. The dose
was administered on a per-weight basis (100 ul/10g body weight)

Treatment Grovps:
G Test Article Dose (iv), Day 0 iood
chicle ($5) 100uV10z BW ac § mice on Day
EG-1-Nal TOug/kg nc.§ mice on Day
G-1-Nal I0uerkg, Soc § mice on Day
1Na 100ugike ac 5 mice on Dny
-Nal 300up/kg 3¢ $ mice on Day
- 1-Nal 1000up/ke Xac 5 mice on Day
-1-Nal 3000ugke tee $ mice on Day
2-Nai 10ughs o 3 mice on Da)
[ 2Nl Ioug/ke ac 5 e on Day
3-2-Nal 100up/ke ¢ 3 mice on Day
5-2-Na) I00ug/k, ac 3 mice on Day
5-2-Nal 1006uzkg ac 5 mice on Day
>2-Nal 3000uzkg. ac 3 mice on Day

Gp =

Group; Sac = Sacrifice

A viability check was conducted in the a.m. for each day of the study.

On Day 6. all mice in each test group were weighed and then sacrificed using CO2-

asphyxi and § via cardiac puncture. The blood samples were

transferred to separate EDTA (fa

d.

top} i and a

was conducted (i.c., CBC with absolute platetet counts and MPV).
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Appendix D: Protocol for study to evaluate pharmacodynamics and

intr doses in healthy men

phar of single
This study was a double-blind, randomized. placebo-controlled study. Each dose group
consisted of a separate set of 8 subjects; 6 receive active treatment and 2 placebo. For
each dose group, subjects were admitted to the Clinical Research Unit in the moming of
the day before dosing (Day -1). On Day | subjects received a single intravenous dose of
PEG-2-Nat or matching placebo given as a bolus. Subjects remained in the clinic until
Day 4 for safety monitoring and PK and PD sampling. Subjects returned to the unit on
Days 6, 9, 12, 15, 17, 22, and 29 for additional evaluations. On these days the subjects
remained fasted on the morning of the visit. The starting dose was 1.5 pg/kg and
successive cohorts planned were 3, 6.25, 12.5, 25, and 50 pg/kg of PEG-2-Nal, the actual
dosing schedule was: 1.5, 0.75, 0.375, 3.0 and 2.25 pg/kg.

For all doses the iv administration rate was 0.5 mL/min. However, the volume and time
of administration differed depending on the dose administered. For the 1.5,2.25 and 3.0
pg/kg doses 2 mL was administered over 4 minutes; for the 0.375 and 0.75 up/kg doses

0.5 mi. over 1 minute and | mkL over 2 minutes was administered, respectively.

Doses were administered corrected for body weight: the dose unit (ug) each subject
received is summarized in Table 1. Body weights of subjects receiving PEG-2-Nal
ranged from 61.8 to 99.0 ke.

Table 1: Summary of body weights (only subject receiving PEG-2-Nal) and dose unit

ranges for each dose group

5 769 (68.5-83.5) 115 (103-125)
225 79.9 (68.7-95.1) 180 (155-214)
3.0 76.1 (64.7-89.5) 228 (194-269)

Dose Mean Body Weight (min-max) Mean Dose Unit* (min-max)
ne'kg kg He

0.375 76.3 (70.5-80.0) 28.6 (26.4-3-.0)

0.75 78.0 (61.8-99.0) 58.5(46.4-74.3)

* Dose univug = (Body weight/kg) x (Dose/pg/ke)

Pharmacokinetic Assessments

A. Sampling and Bioanalysis

Venous blood samples (4.5 mL) were collected predose (within 30 minutes prior to
dosing) and at 5 and 30 minutes and 1, 2,4, 8 and 12 hours post dose on Day | and on
Days 2 (24 hours); 3 (48 bours), 4 (72 hours), 6 (120 hours), 9 (192 hours), 12 (264
hours), and 15 days (336 hours) post dose for determination of INJ-26366821 (RWJ-
800088) plasma concentrations. The sampling scheme for the 2.25 ne/kg dose was
slightly different from that used fro the other dose groups: predose (within 30 minutes
prior to dosing) and at $ and 30 minutes and 1, 2, 4, 8, 12, 18, 24, 36, 48, 60, 72 and i20

hours post dose (i.¢. post start of administration).

Urine samples for determination of PEG-2-Nal concentrations were collected predose
(within | hour prior to dosing taken from urine collected after subjects had been
instructed to void their bladder) and over the following intervals: 0-24, 24-48 and 48-72

hours post dose.

Plasma and urine samples were analyzed for PEG-2-Nal using a validated enzyme linked
immunosarbent assay (ELISA) method. The assay limit of guantification was 6.25

ng/mL for plasma and urine.

B. Pharmacokinetic Analysis
Where the data atlowed, the following plasma phanmacokinetic parameters were

determined for PEG-2-Nat using non-compartmeatal analysis:

+  Maxi plasma ion (Cmay ): Obtained directly from the plasma

concentration data

b



o Time of Cmay (tmax): obtained directly from the plasma concentration data
d as tyz = (1n 2)\, where X, is estimataed by

o Elimination half-life (ti2): g
linear regression of the natural log transformed concentration versus time data, in

general using at least three data points (excluding the Cry value)

Area under the concentration versus time curve from the 0 to infinity (AUCeo):
calculated as AUCqo = AUCis + Cias/ %z Where AUCix is the area under the
concentration-time curve from time zero to the time of the last quantifiable

concentration, C is the last observed quantifiable concentration, and A, is the

terminal elimination rate constant.

o AUCq4: area under the plasma concentration-time curve from time 0 to 24 hours,

s dal

d by linear trap

ing urine ki p were

Where the data allowed, the
determined for PEG-2-Nal:

¢ Cumulative amount of @g excreted in urine over 72 hours post dose (Aen):

calculated by the summation of the urine volumes of the collection intervals

ied by the iated urine drug

Appendix & 1998 ASH Abstract No. 1554

PEGYLATED THROMBOPOIETIN-MIMETIC PEPTIDES ELEVATE BLOOD
PLATELETS AND ABLATE THE CHEMOTHERAPY-INDUCED PLATELET
NADIR IN MICE. ., 5. K, Rudoiph*, C. Merreli*, R. DePrince*,
Weigl*, M. deSerres*, and G, Lalonde*. Glaxo Welicome Inc., Research Triangie
Park, NC and Affymax Research Institute, Palo Alto, CA.

Singte low doses of diPEGylated thrombopoietin-mimetic peptides (GW350805 or
GW395058) stimulated platelet production in normal mice and ablated chemotherapy-
induced thrombocytopenia in mice. GW350805 and GW395058 were derived from the
linear peptide dimers AF13948 and AF15705, respectively, by tovalent linkage with 20000
MW polyethylene glycol. PEGylation increased the t ¥ for elimination in mice from
minutes for the parent peptides AF13948 or AF15705 to hours for the PEGylated peptides,
GW350805 and GW395058. The unPEGylated parent peptides, AF13948 and AF15705,
elevated biood platelets only 1.2- and 1.5-fold, respectively, at a dose of 100D ug/kg. In
contrast, four-fold increases in peak platelet levels were achieved 6 to 8 days after a
single subcutaneous dose of GW350B05 (2.5 ug/kg) or GW395058 (10 ug/kg), and
platelet levels returned to normal by day 12. Doses of GW350805 and GW395058 as jow
as 0.1 or 1 ug/kg, respectively, el d pk 2-fold above baseline. Platelet levels in
normal mice were elevated in a dose-dependent manner with increasing doses of the
PEGylated peptides up to doses of 10 ug/kg (GW350805) and 25 ug/kg {GW395058),
beyend which stimuiation of platelet production decreased. In a murine mode! of
carboplatin-induced throm| ia, a single dose of either PEGylated peptide ablated
the platelet nadir. In condjusion, these results suggest that GW350805 and GW395058
have the potential to prevent chemotherapy-induced thrombocytopenia.

Introduction

= AF13948 and AF15705, human thrombopoietin (TPO) receptor agonists, are
composed of 29 and 30-amino acid peptide chains, respectively, that are
covalently linked through their C-termini, GW350805 and GW395058 are
AF13948 and AF15705, respectively, that have been diPEGylated with 20,000
MW polyethylene glycol (PEG) at the N-termini. They are being evaluated for
the treatment of chemotherapy-induced thrombocytopenia.

* DiPEGylation of the parent TPO mimetic peptides, AF13948 and AF15705,
caused a marked increase in stimulation of thrombocytosis in the mouse.

The diPEGylated peptide mimetics, GW350805 and GW395058, elevated
platelet levels four-fold in mice in a dose-dependent manner.

S



* Single-dose regimens achieved equivalent maximal platelet stimulation as

multiple-dose regimens.

® Asingle subcutaneous dose of the diPEGylated peptide mimetics ablated the

carboplatin-induced platelet nadir,

APPERDIX ¢

§320.21
B—Proceduras for Dsler-

21 CFR Ch. | (4-1-07 Ediltion)

ical studles are required to support the
r dosage rogimen.

m n
Bloequwclenca of Drug Prod-

SOURCE: 42 FR 1684, Jan. 7, 1975, unless oth-
erwise pated.

332021 Requirements for submission
of In vivo bloavailability and bio-
equlval

(a) Any person aubmxmng » full gew
drug application to the Food and Dru:

Administration (FDA) shalt include In

the application either:

(1) Evidence measurlng the in vivo
bloavallubllity of the drug product that
1s the subject of the

" £DA may approve a full new drug
apptication, or a supplemental applica-
tion propasing any of the changes sot
forth fo paragrapb (c) of this section.
that does not contain evidence of In
vivo bioavailability or information to
permit walver of the requirement for In
vivo bioavallability data, if all of the
following conditlons are met.

(1) The application 13 otherwise ap-
provable.

(2) The application agrees to submit,
wﬂ.mn the time spedified by s'm ete

(l) Evidence messuring tha in vlvo
and

(2) Information to permit HJA w0
walve the submission of evidence meas-
uring tn vivo bicavallability.

(b} Any porson submitting an abbro-
Tated new drug npploation to FDA
shall include in the application eltber:

(1) Evidence demonstrating that the
arug product that 18 the sudjoct of the
abbreviated new drug application is
bloequlvalent Lo tha raference listed
drug (deﬂned in $314.3(0) of this chap-
ver)

@) Thformation to show that the drug
product is bloequivaleat to tho ref-
!rellce Nsted drug which would permit

A to waive the -ubmiumn of evi-

fn vivo bloequivalence of dmx
prodnct. that is the subject of me appli-
catlon: of

(1) Information to permit FDA to
waive measurement of in vivo blo-
availabtiity,

{e) Evidence measuring the in vivo
dloavauiability and demonstrating the
n vivo bioequivalence of a drug prod-
uct shall be obtalned using one of the
approaches for detsrmining  bio-
avaitability set forth in §320.24.

(N} Informatien to permit FDA to
waive the submission of evidence meas-
uring the in vive bioavallability or
n vivo bioequlva-

dence
lence as provided in Dﬂra;mph N of
this section.

(¢) Any person sudbmitting a supple-
menta! application to FDA shall in-
ciudo in the supplementsl application
the evidance or information ket forth
1n paragraphs (a) and (b) of this Aecﬂon

lence shall mest the critecla set forth
n §320.22

(g) Any person holding an approved
full or abbraviated new drug applica-
tion shall sudbmlit to FDA a supple-
mental applieation contalning new evi-
denoe measuring the in vivo blo-
the In

if the
poses any of the (ollowing chang:

T A ahange in the manafhoturing
sito or o change in the manufacturing
process, Including a changs in product
formolation or dosage atrength, beyord
the cariations provided for in the ap-
proved application.

A changs in tho labeling to pro-
vide for & new indication for use of the
drux product. If clinieal studies are re-
quired to support the new indleation
for use

() A change (n the labeling to pro-
vide for o new dosage regimen or for an
addictann dosage cegtmen for o special
pationt population, e.&.. infants, §f clin-

or
vivo bigequivalence of the drug product
that is the uuhkrc ar the appllvmnan ir

notifled by FDA
{1) ‘Thers ure dzm demonstrating
that the dosage regimen in the labeling
18 based on incorrect dssumptions or
facts regarding the pharmacokinetics
of the drug product and that following
this dosage regimen could potentially
result in subtherapeutic or toxic levels:

or

(2) There are data massuring signifl-
cant fintra-batch and bateh-to-batch
variability. e.g.. plus or minus 25 par-
cent. n the bicavailabillty of the drug
product.
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Food ond Drug Administration, HHS

(b) The requirements of this scetion
regarding the submission eof evidcnco
measuring the la vivo btoavailabitity
or demonstrating the in vive bio-
equivalence apply only ¢o a fell or ab-
breviated new drug appllcation or a
supplemental application for & flnished
dosage formulation.

{57 FR 17990, Apc. 25, 1992, as amended at 67
FR 7873, Dec. 19, 2002]

§32022 Crlteria for walver of avidence
of in vive ity or bio-

§320.22

(f) Is adminiatered by Lnhalation as a
gus, @.6., a medicinal or an inhalation
ancsthetic; and

(15} Contains an active ingredient in
the same dogage form a3 a drug product
that I3 the subject of an approved full
new drug application or abbreviated
new drug lppllca&‘lbn

(3) The drug aroduci

(1) Is a soluvion for upplfcauon to the
akin, an oral solution, elizir, syrup.
tincture, a eolutlon for l.l:ronolllaﬂon
1 solution, or

equivaleace.

(a) Any person submitttng a full or
abbreviated new drug application, ot a
supplemental  application  proposing
any of the ohanges set (orth in
§320.21(c), may request FDA to waive
the requlrement for the submission of
svidencs measuring the fn vivo blo-
availanlity or demonstrating the in
vivo bloequivalence of the drug product
chat Is the subject of ¢!

Slmilar other soiubllized form; and

(ii) Contains an active drug ingre-
dtent in the same concentration and
dosage form as & druy product !.hn.b is
the subject of an Approve
drug application or abbreviated e
drug applicatton; and

<ll1) Contalna no tnactive logredient
or other chamge in formulation frem
the drug product that s the subject of
the approved full new drug appltcation

An applcant shall submit a request for
<watver with the application. EXcept a3
provided in pacagraph (f) of thia sec-
tion, FDA shall walve tho requirement
for | the submlssion or ovidence of in

or
that may significantly affect absorp-
tlon of the active drug Ingredient or
active molety for products that are

systemically absorbed. or that may slg-
nificantly affect systemic or ioc

for products Intended bu

lfnhed.rugwodc meeuanyo(m
provisions of paragraphs (b). (¢). (&), or
(e) of this section.

(b} For certaln drug products, the In

act locally.

(c) FDA shall watve the requirement
for tha submiastan of evidence mens-
uring the in vivo bioavallablity or

0 .

vive or

of the drug product may be self-evi-
dent. FDA shall waive ths requiremont
for the submission of evidence obtained

tence of a solld oral dosage form (other
than a delayed release or extended re-
lease dosage form) of a drug product
to be effective for at least

m vivo the

a Drug Efficacy

the of
:heu drug products. A drug product’s
in vivo bioavailability or bioequiva-
lence may be consldered seif-cvident
pased on other data in the application
if the product meets one of the fol-
lowlog eriteria:

(1) The drug product:

(1) Is a parenteral sotution tntended
solely for administration by {njection.
or an ophthalmic or otic solution: and

(1) Contalns the same active and In-
active Ingredients in the same con-
centration as a drug product that s ibe
subject of un avproved full new drug

Sludy lmnlemenmcluu notice or which
1s tdencical, related. or simijar to such
& drug product under §310.8 of this
chapter unless FDA has evaluated tho
drug product under the criteria set
forth tn $320.33. included the drug prod-
uct in the Approved Drug Products
with Therapuutic Equivalencu Evalur-
tlons Liat. and rated the drug product
as baving a known or potential blo-
equivaleace problem. A drug product 30
rated reflects a determination by FDA
chm. an 1n vive Mnequivaience atudy is
requ

ld) l-ar certain drug products, bio-

few drug may be measured or blo-

anpncauon. equivalencs may bs demonstrated by

(2) The drug produst: evidence obtainsd Ln vitro in lieu of In
187
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Pharmacokinetics and Hematological Effects of the PEGylated
Thrombopoietin Peptide Mimetic GW395058 in Rats and Monkeys After
Intravenous or Subcutaneous Administration

MARX DE SERRES,* RUss L. YEACER,* JOHN E. DILLBERGER,* GUY LALONDE,* GUY H. GARDNER,"
CATHLEEN A. RUBENS,® ANITA H. SIMKINS," JRFFRY M. SAILSTAD,' MICHAZL J. MCNuLTY,*
Joserd L. WooLLEY"

*Glaxo Wellcarne Inc., Research Triangle Park, North Carolina, USA;
“Affymax Research Institute, Palo Alto, California, USA

Key Werds, e e~ GRISSOSH-

Hematology - Rat - Honkey - PEGstated

ABSTRACT

GW395058, 3 potent PEGylated peptide human throm-
bopoletin receptor (HuTPOr) agorist in vitro, ks being eval-
wated for the treatment of thrumbocytopenia. GW3S5058
shares no sequence homology with TPO. a this report the
pharmacokinetics end hematological effects of GWI95058
In rats and monkeys are described. Doses eliciting thrombo-
ytosis In rodents (2 er 10 pg/kg sc) produced insufficient
plasma coneentration data for pharmacokinetic psramcter
estimate caleulations. A1 bigher Ly, dose In rats (500, 1,000
or 2,000 pgfkg) sevum t, (halfife) vahues were >20 b, and
the ares under the concentration time curve Incressed pro-
portionally with dose. In eynomolgus monkeys GW395058
plasns 4, values raaged from 37 o 68 k alter s.c. or Lv.

doting, and simBar values were observed in rhesus monkeys
following s.c_ dosing. Rat platelet counts increased following
2 (L6-fold) or 10 pghg (fourfoid) s.c. doses. Cynomeolgus
and rhesus mankey platelet counts did not change signifi-
cantly 3t comparable s.. doses, but did increase stightly
(<twefold) in cynomolgus menkeys folowing a 25 ug/kg £.c.
dose and twolold folawing 2 100 pg/kg s.c. dose. Because the
plasma G, of GII95058 is bong In mouse, rat, dog, and
monkey, yet the dose required to double platelet levels in
monkeys is S0-fold that required in mts, differsnces in
hematological Fesponses may be due to Interspecies differ-
ences in the interaction of GW39SUS8 with the TPOr. Stem
Cells 1999:17:316-326

INTRODUCTION
ia and

‘beea approved for thé treatmeat of chemotherapy-induced
ia, 2lthough its use has been assoctated

e
induced side ¢ffects associated with significant mocbidity,
incluing spostaneous blecding. Thrombocytopenia often

with otable side effects (1-3].
The lineage-specific cytokine that regulates platelet peo-

fimits th g reg-

imen that can be administered. Reducing the magnitude of
ia might allow administration of higher

doses of ic agents or dose-intensifieati

which could result in improved discase control. Standard
practice is to manage thrombocytopenia by administering,
platelet transfusions, which carry a risk of secondary infec-
tion as well as the I production of izing anti-

duction, jetin {TPO), has been described [41. Two
forms of the recombinant buran protein have been investi-
galed: full-length glycosylated recombinant human peotcin
(HuTPO) [5) 0d PEGylated megakaryveyte growth and
development factor (PEG-tHUMGDF) [6). In mice, dogs,
and prirmates [7-14], cHuTPO and PEG-tHuMGOF promote
platctet weau:mn and reduce chemotherapy-induced
evidence of TPO-neu-

bedies to platelets. Recombinaat interteukia 11 (7IL-11) has

trlizing antibodies in patients participating in cancer and

Carrespandence: Dr. Mark de Serres, Division of Bioanalysis and Drug Meiabolism, Department of tniernational Development
. Glaxo Wellcome Inc., § Moore Drive, Rescarch Triangle Park North Corolina 27709, USA. Accepted for publication

Dc(ober 12, 1999 QAiphaMed Press 1066-5099/99/55.000
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platetet dovor clinical trials forced the discontinuation of
PEG-+HuMGDF developmeat [15).

Not fong after TPO was first reporied, & 28-amino acid
TPO mimetic peptide was described that was equipotent to
TPO in cell-based assays (16} This peptide dimer, AF13948,

Pharmacokisetics and Heaatology of TRO Mietic Peptide GW395058

In this report, we describe the pharmacokinetics and
bematological effects of GW395058 in rats and monkeys
following i.v. o s.c. sdministration of the compound.

shares with TPO. Stud that
while AF13948 plasna coocentrations were,short i e
(plasmaty, (hal e}~ | b), AF13948 stimulated plateled pro-

duction folkowing single or mulidose regimens of 250 or”

1,000 g/ig (unpublished results).
* Subsequent to these studics the sequence afAFBNS
was modified with amino acid substitution, and the resulting

- peptide, AFIS705, was PEGylated to produce GW395058

(Fig. 1). Similar to AF1 3948 and AF15705, GW395058 binds
10 and activates the buman TPO receptor (HUTPOr) with an
affinity similar to that of TPO i vitro [17]. Unlike AF13948,

GW395058 has 2 long i in mice and elovates peripheral

platelet counts follawing a single sc. dose of as litle as
2 pg/kg [18]. 1o dags, whea cosdministcred with G-CSF,
GW395058 bas a long plasma balflife and accelerates
platelet recavery in a dog myelosuppression model (uapub-
lished results, manuscript in preparation). Recent studics
have shown that GW395058 is not immunogenic in several

. maimal species, and that if an antibody response to

GW395058 were clicited, those antibodics would not likely
nevtralize endogenous HuTPO (19).

Materfals

AF15705 and GW395058 were obtained from the
Biotechnology Product Development Division, Glaxo "
Wellcome Inc. (Rescarch Triangle Park, NC). All other
chemicals were reagent grade ar better. Dosing sohrtions of
GW395058 were prepancd in phosphate-buffered saline
(PBS). GW395058 was prepared by derivatizing the two N-
texmini of the AF15705 finear dimer with 20,000 molecular
weight (mw) polyethylene glycol (PEGY (unpublishod
results, manuscript in preparation). The mw of AFLS70S
and GW395058 are 3,295 and ~43,300, respectively. All
dose calculations are based on peptide mass and are thus
directly comparable for PEGylated and unmodified pep-
Gides. The amino acid sequences of AFIST05 and
GW395058 are shown in Figure I.

Animal Handling, Dosing, and Sample Cellectioa

All animal procedures described in this report were
approved by the Institutionat Animal Care and Use Committee
and conducted in acordance with Federal guidelines.

o

H-ile-Glu-Gly-Pro-Thr-Leu-Arg-Gin-Npa-Leu-Ala-Ala-Arg-Sar

H-lie-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Nps-Leu-Ala-Ala-Arg-Sar
AF15705

1
CHyO(CH,CH,0InCH;CHC-le-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Npa-Leu-Ala-Ala-Arg-Sar

1
CH;0(CHCH,0)InCH,CH,C-Ne-Glo-Gly-Pro- Th-Leu- Arg-Gln-Npa-Leu-Ala-Ala-Arg-Sar
GW395058

Lys-NH;

Lys-NH,

Figure 1. Amino acid sequences of AFISTOS and GWI9S0S8 AFIST0S is a peptide dimer consisting of reo identical amino acid chains of
14 residves linked Owcugh their corbaryl rermini o the @ and € arwino growps of @ tysine residse. The sequence of AF1INE (see toxt) was
modified by the replocement of an afanine and o B-atanine residue with sarcosine (Sa7) 10 remave the chiral centers. Trypiophan residves
were reploced with napchylalaning (Npa) for ease of symihesis. The two resvlting peptede aming termini of AF15705 were conjugoted to

20,000 mw PEG 1o produce GH 395038

gs
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StediesinRaty .

Single-dose and one-mooth repeat-dose studies were
conducted in Han Wstar rats at Glaxo Wellcome, In the sin-
gledose study, male mts (300 to 350 g, three cats/dose)
received single s.c. doses of 2 or 10 pghke Hma samples
for - ination of GW395058 were
obtained from cach rat predose and at 3, 4, 7, 2ad 10 days
postdose. Plasma samples were stored at ~70°C uatil analy-
sis. Blood samples for hematological anatysis were obtained
from each rat predosc and a1 3,7, 10, 14, 17, 2L, and 28 days.
postdosing and anatyzed the same day.

1n the ooc-month repent-dose study, male and femate Han
Wistar rats (250 t6 300 g: 10 ratvisex at the 500 and 1,000
pgke/48 b dosss, 18 raisfsex ot the control ad the 2,000
gkg/48 h doses) received single Lv. botus doses every other
day for o month. Upon completion of dosing, 10 rats/sex/dose:
were euthanatized, while rengining control and high-dose
rats were allowed to recaver for oae month and then euthana-
tized to assess the reversibility of reatmentefatod effects.
Doses of GW395058 in this study were chosen to provide
exposures well sbove thase necessary for efficscy in rats and
those anficipated in clinical triaks. Following doses 1 and 11,
serum samples for determination of GW395058 concentra-
tion were obtained from 3 rat/sexhime point peedose and at
0.3,0.5, 1,2, 4, 8,24 and 48 h after dosing, Following dose
11, addifional serum samples weve taken i 72 and 96 h.
Serum samples were stored at -70°C until analysis. Blood
samples for hematological analysis were obtained from cach
rat prodase, on day 24 (ncar the end of the dosing period), and
13 and 28 days sfter dosing stpped. Hematologic samples
wueanalymdﬂumdaylhcymukm

were coo-
ﬂ\nndmmkqanovm(Vlema,VA] In the single-

dose study, male cysomolgus monkeys (3 to 5 kg) received
single s.c. doses at 2, 10, 25, or 100 pgkg (three
moakeys/dose) of  single iv. dose at 10 pg/kg (wo mon-
Keys). Plasma samples for pharmacokineiic analysis were
obtained from each monkey predose and at 0.08, 0.25,0.
2,4, 8,24, 72,96, 120, 144, and 163 b postdosing. Plasma
samples were stored at -70°C until analysis. Blood sampies
for hematological analysis were obtained from each monkey
at predose (day 1)and 3, 5,7, 8,10, 11, 42,15, 17, 19, and
22 days postdose. Blood samples were stored 2t room tem-
perature untif processed (withia | b of collection). Because
platelet counts increased only slightly at 25 and 100 ug/kg
and oot at all at $10 pg/kg. four rhesus monkeys (3 to $ kg:
wolsex) were added 1o the study (O delermine if they
cesponded more stroagly to GW395058 than did cynomol-
gus monkeys: Rhesiss monkeys ceceived single s.c. doses of
GW395058 at 2 or 10 pg/kg. Samples (plasma 2nd blood)
were collected as described for cynomotgus monkeys.

s

In the coemonth repeat-dose stdy, male and female
cynomoigus moakeys (3 o § kg: threefsex 2t 500 and 1,000
1/kg/48 b doscs, velsex st control and at the 2,000 ugkg/4B
h dose) received single Lv. doses every other day for s month.
Upon compiction of dosing, three monkeyyseadose were
euthanized, while remaining contro] and high-dase moakeys

‘assess the reversibifity of reatment-related effects, Following
doses 1 and 14, seram samples were obtained predose and at
008, 05,1, 2, 4, 8 and 24 h posdose. Following the first
dose, an additional serum sample was collected at 48 b from
alf animals. Following dose qumber 14, additional serum
samples were taken from enimals (two animals/sex) in the
vehicte control and 2,000 pg/kg/48 b groups 2t 48, 72 and 96
b afer dosing. Serum samples were stored frozen at ot below
-20°C uatil analysis. Blood samples for hematologicat analy-

. sis were obtained from each monkey prodose, oa days 14 and

26 during the dosing period, and 10 and 24 days afier dosing
stopped. Hematologic samples were analyzed the same doy
they were taken.

Determination of GW395058 Plasma Concentrations

Radioimmaneassay (RIA)

. Concentrations of GW395058-like immunoreactive
‘material in rat and monkey plasma sumples were desermined.
by using a competitive binding RIA. A tritiated analog of
AF15705 was prepared by derivatizing the two N-termini of
AF15705 with succinimidyl propionate,N-{propionate-2,3-
*H] obtained from Dupont Company NEN Restarch Products
(Boston, MA). The reaction product was pusified by RP-
HPLC (2.5 150 mm Syrmetry® C18 5 um cohuma, Waters
Corp. [Milford, MA]; mobile phase A = 0.1% Triflusroacesic
;ﬁd[’l‘FA]mw!la.mvbtkphs:B > 0.1% TFA inacctoni

rmblkpb&ﬂﬁ\'mnunfo(bwdbymmﬁ%mk
phase B for § min). The purified mdioligand had a specific
activity of ~25Cimmol.

In this RIA dituted rabbit antiserum {19) raised to 3
‘bovine thyroglobulin conjugate of an AF15705-analog was
incubated overmight at 4°C with radioligend (H-AFIST05)
and atiquots of study samples or spiked (GW39508) plasma
calibeation standards. The next day bound and free radioli-
gands were separated by incubating for | h at 4°C with
antirbbit immunoprecipitztion reagent (Sac-Cel®; IDS Lid.;
Boldon, Tyne and Wear, UK), followed by the addition of 2
ml of cold PBS (pH 7.2) coataining 0. 1% bovine serum albu-
amin and 0.1% Twoen-20. Assay tubes were centificged for 10
min and the supematant aspirated to waste. The pellets were
cesuspended in 2 mt of water and decanted into 20 ml scintil-
lation vials contining § ml of scintillation fluid. Bound

Ny

radioligind was quatified in a liquid scintiltation counter,
and calibeation curves were darived by using the program,
Multicake (Wallac; Turky, Finland), Gom which coutrol and
study sample concentrations were interpolated. All stmphes
were assayed in duplicate. The fower limit of quantitation
(LLOQ) was st at L6 ng/ml. Because this RIA may also

2gmt
reported 15 GW395058 immunoceactivity equivalents.

TPOr Biologleal Activity Assay

Coscmmtrations of GW395058-like biologically active
matesial in monkey plasma samples following 2 25 pg/kg s.c.
dose of GW395058 were determined by using a reporter assay

 based on a Baf/3 HuTPOr fos/lux cell tine. In these cells act-

wation of the HuTPOr cesults in the production of luciferase
that catalyzes the emission of light upon addition of the sub-
strate huciferin. The cells were grown in Dufbecco’s modified

* Eagle's csential medium/F12; 10% fetal bovine serum; 10%

Weli-3 supomatars and anibioc/antimycotcs. Approsi

mately 18 by transferring

Consulting Inc:; Cary, NC) or PKCAL Versioa 20 (Glaxo
Welloome tne.).

Henatology

Clinical hematology and corguiation anatyses were per-
formed at Glaxo Wellcome (rats) or st Covance, Vienns,
Virginia (monkeys). Clinical hematology parameters mea-
sm!lmlllmxdluwmphb:lanwm, totat leukocyte count,
differeatial reticulo-
cyte count, hematocrit, hemoglotrn, and RBC indices (mean
eIt bemoglobin [MCH], mean el vohume MCV], mean cell
bemoglobin concentration [MCHC]). In one-month studics,
menn platelet volume (MPV), platelet distribution widih, and
coagulation parameters (prothrombin time and activated
‘partial thromboplastin time) also wese measured.

Statlstical Analysis

Mean callstins werepefomned sing Microsoff o
97SR-1. Statist is(ANOVA) of

hemutalogy daa was performed by using IMP Staisbcal

them to the same medi 1% Wehi-3 tant. On

Software Version 3.2.5 (SAS Lnstinute Inc;; Cary,

the day of assay, following a washing step in medium with-
out Wehic3, | x 10¥ celis/md were combined with study sam-
ples or GW395058-spiked plasma calibration standards.
Assay platcs were incubated for 2 b at 37°C in 2 5% CO;
atmosphere, then Luelite reagent (Packond Instrument Co.;
Downers Grove, I1L) was added 10 each well. Light emission
was measured aficx o five-mimte incubation on 2 Packard
Topoount Lumizometer (Packard Lnstrument Co.). The coo-
centrations of GW395058-like biological activity in the
phastma sumpkes were interpotatod from the linear portion of
the standaod curve, The LLOQ was set 120, ng/anl. Because
this assty does oot distioguish GW395058 from other possi-
ble ngonists, results with this method were reporied as
GW395058 biotogical activity equivatents.

Pharmacokinetic Caleafations

Arca under the conoentration time curve (AUC) values
for GW395058 were cstimated by using the trapezoidal rule,
with back-extrapolztion of the GW395058 plasma concentra-
tions 1 2e70 time. Single day | AUC vatuss were calculated
from time zero to infinity (0-o0), with the extrapolated arca
from the time of the last measurable sample concentration
(Cpra) toinfinity time estimate as Cprk,, where k, is the ter-
cninal phase climization mate constant. Muliidose day last
AUC values were caleutated from time 2210 to T, where Tis
the dosing interval. Crmax vahucs were defined as the highest
observed plasma concentration pastdose. Mean calculations
were performed by using Microsoft® Excet 97 SR-1
(MiccosoRt Carporation; Redmond, WA).

NC) & SAS Sysiem for Windows, Version 6.12, TS Levet
0020, (SAS Institute). Coagarisons of pharmacokinetic pars-
meter estimates d days of dos-
ing and among the dose groups by using Tukey's Studentized
Range Test. Differences were declared statistically significant
when p<0.05,

ReSULTS

Comparison of RIA with TPOr Biclogical Activity Assay
To clarify the -relationship between GW395058
immunorcactivicy 20d TPO biologica! activity, plasma con-
centralions of GW395058 were measured by RIA and TPOT
biological activity assay in samples coflected following a sin-
gl s.c. dosz of GW395058 at 25 ppfkg o male cynolmlgus
monkeys Averaged plasma
GW395058 determined by RIA or TPOr biotogical namny
assay are shown in Table 1. A comparison of individual
y RIA or TPOF

biological sctivity assay ismvminﬁgmz
Good general agreement (A = 095; slope = 0.74) was
found between the TPOr biological activity assay and the
GW395058 RIA. The resulis show that the RIA detecs pri-
‘marily biologically active material in plasma, and this assay can
be used 1o accunely determine GW395058 plasma or serum
concentations in monkeys or rs dosed with GW395058.
Although the TPOx biological activity assay was the slightly
‘more sensitive assay of the two methods, the RIA had a greater
C the RIA was used to desennine

pharmacokinetic. caleutations were pecformed by using
WinNonlin, Professional Network Vesion 1.5 {Scienific

GWZMS! ph.sml or serum concentrations for ealculation of
paraTeter estinates in study samples.

bhs
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Figare 2 Comparisan of GW395038 plarma concentrations deter-
#cined by RIA o7 TPOr bistogicad ecthity assay. Individueol comcen-
TPOr biological activity assay are shon. Plasma sumples were
bained, le monkeys fgroup) receiving @

single £.. dase at 25 pftg

Plasma Concentrations 1nd Pharmacokinetic Parsmeter
Estimates for CW395058 ia Han Wistar Rats

Following s.c. dosing with GW395058 at 2 or 10 pghe,
there were insufficicnt plasma concentration versus time data
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available to estimate pharmacokinetic parameters duc to the
limited amount of blood and plasma that could be cofiected
from each snimal over the extended dumation of this stady.
The highest plasma concentrations of GW395058 were
observed oa day 3 following the 10 ug/kg dose. GWI95058
was undetectable in plasma following the 2 ug/kg dose (data
0ot shown).

" Phanmacokinetic parameter estimates for GW395058 in
male and female Han Wistar rats following iv. dosing at
500, 1,000, or 2,000 pg/kg/48 b are shown in Table 2.

In general following iv. dosiog at 500, 1,000, or 2,000
1g/kg/48 h for ooc month, plasma concentrations did not dif-
fer betwoen sexes. Following dose 1, there was good propar-
tionality with increasing dose betwoen AUC and Cmax
vabies. Plasma ty, vaturs were loog at all dose Jevels. Plasma

clearance {CL) &nd vatame of distribution valuss (Vz) over -

the foxafold range in L. dose were low and geoerally compa-
rable among dose levels. Dose | and dose #1 pharmacokinetic
parameter estimates did not differ {data not shown) suggest-
ing that repeated i.v, dosing did oot alter GW395058 systemic
exposure.

Plasma Concentrations aod Pharmacokinetic Parametes
Estimates for GW39S053 in Cynomelgus Monkeys

Plasma concentrations of GW395058 in cynomolgus
monkeys following s.c. dosing at 2, 10, 25, and 100 pghke
andiv. at 10 pg/kg ore shown in Figure 3. Pharmacokinetic
parameter estimates for GW395058 in cynomolgus mon-
keys following s.. dosing st 2, 10, 25, 10d 100 pghkg snd
v 9t 10 g/ ase shovn in Table 3.

tn general, AUC and Cmax vahues increased propor-
tionality with increasing dose following s.c. dasing at 2, 10,
25, or 100 pgikg, Plasma 1y, values were long at all dose

leveis. Plasma clearance {CL/F) values over the 50-fold .

zange in s.c. dose were low and comparable among dase
levels. Votume of distribtion (V2/F) values were similar at
the 10,25, and 100 pg/kg dose levels, while the averaged
V2/F value for the 2 pg/kg dose was slighily higher.
Following i.v. dosing with GW395058 at 10 ug/ke, the
AUC was slightly lower than the comparable s.c. dose
level. The plasena tys foltowi dosing was at least 10 h
Iess than dhat observed following s.¢. dosing. Plasma CL
following i.v. dosing was generally low, but slightly higher
than that observed folowing s.c. dosing o the same level.
The. Vz following i.v. dasiag 3t 10 pgfkg was essentially
the same ns that observed following s.¢. dasing. The vol-
ume at steady state (Vss } was 82 £ 12 mbkg.
Pharmacokinetic parameter estimales for GW395058 in
cynomolgus monkeys following single and repeated iv.
doses 21 500, 1.000, 2,000 pgrkg are shown in Table 4. In
gencral for monkeys (male and female) dosed al 500, 1,000,

Phamacokioetis tod Hematology of TPO Mioetic Peptide GW39505%

Average Pharmacokinetic Paramscter Estianate

Ses Dese ALG,.. Comax e a vz va
(ngikeréth) (b * agfmf) (og/mt) 0] (L] (mig (mikg)
M 500 29254 10426 A6 e no 687
F 50 B0A1E 1545 m \n 751 63
M 1000 565297 30,06t no m s82 543
F 1000 613,199 707 04 162 0s . as
M 2000 92377 54947 182 203 516 520
F 2000 1189452 58,904 (L2} m 9.7 9.1

GW395088 aquivalens {ogfml)
3

2 40 60 60 10 120 140 180 180
Time )

Figure 1. Plaswa concentrations in mele cynomolgus monkeys
dosed with GHI95058 Averuge plasma concenations (G395058

lasar
samples were olained from monkeys (treelgroup) receiving single
2. dases at 2 69, 10 (W). 25 (0 ). o 100 (8) p/ig or an Lv. dose
100 il .

o 2,000 pg/kg: A) Cmax and AUC values increased pro-
portionally with dosc; B} tyy valucs were foag, and C) CL
values were low and comparable among dose levels.
Fotlowig doses 1 and 14, Camx and AUC values for
GW395058 increased with inereasing doses. Increases in
Crmax and AUC vatues between 500 2nd 2,000 ug/kg groups
were swristically significant. The increases in CL betweon

500 and 2,000 pg/kg dose groups were small, and only sig-
nificant in female monkeys. There were no statistically sig-
nificank differences in Iy, 0¢ Vz soross the dose groups.

Cmax values increased from dose | to dose 14, but these
increases were significant only in the 1,000 and 2,000 pg/kg
fermale and the 500 and 1,000 pg/kg male dose groups. The
only significant decreasc in CL and increase in AUC valucs
following multiple dasing were observed in female monkeys
atthe 2,000 pg/kg dose. There were no significant changes in
tun ar Vz with multiple dosing.

Cmax, AUC, 0, and CL valuzs following doses ¥ and
14 were not statistically diffevent between make and female
moakeys, except at the 2,000 pg/kg dose group, where
Cimax, AUC, and t,, were greater in males and CL was
greater in females. There were no other sex-related trends
in any of the other pharmacokinetic parameters examined.

Plasima Coneeatrations and Pharmacokiaetic Parametes
Estimates for GW195058 in Rhesus Monkeys

Kinetic parameter estimates for GW395058 in
the thesus monkey following s.c. dosing at 2 and 10 pg/kg are
shown in Table S, Pharmacokinefic pammeter estimates in
thesus monkeys were comparable o those for cynomolgs
monkeys following 5.c. dosing at 2 and 10 pg/kg, AUC vates

Paramcter
(Average £ 5D)

AUC . Coan
(hteget)  (sgmn

sam 6
1367
10
1054
65361

oh



Arenaged Pharmacokinetic Parsoieter Estiovates Following Dose | and 14

Dosed  Sa Doz auC Conx T a v va'
(gt (¢ ogm) (L2 ] o (mibkg) {mlkp (=ikg)
) M 50 28,006 1849 251 095 39 13
¥ 500 oo v B4 1 ws »2
M 1000 38 nsn ne - w8l 94 al
£ 1000 nsm nut X) 131 a8 a
M 200 [Ft s1913 2 us 550 526
¥ 2000 1004825 2 2 "w 654 623
" M 00 5348 o) n2 on 109 ™
F . % . 2us n1 o a3 4
M 1000 10022 “gs “o on 526 516
F 1000 a4 1w x1 10 I 74
M 2000 1,540,563 “am . B3 37 T 740
F

2000 . 1,468,950 85525 n3 e 626 622

*AUC - for dose 1, AUC, for dose 14,

(Average 2 SD)
Duse AUC,. Canr Ton Ta cuF Vo
(mghe) (& * wgfmh (egiml} &} {rlkg) (mlkg)
2 1002 [} » 19 k]
0 S0 L a5 13 n
increased i ith increasing dose for thesus mon- 10 pg/kg (Fig. 4). RBC pammeters (hematocrit, bemoglobin,

Keys following s.c. dosig at 2 and 10 pg/kg. Similarty, Crmax
vabues were comparsble with those a1 the same dose levels for
cyoomotgus monkeys (Table 3), and there was ional

RBC couni) docreased stightly {10%-15%) at both doses

ity with increasing dose. Trrmax vakues for thesus mockeys
were. slightly shorter than those for cynomolgus momkeys.
Plasma t,, vahies for thesus monkeys were fong following.
sc. dosing, although the plasma t,; value at the 2 pg/kg dose
fevel was approximately half that observed for cyoomolgus
monkeys, CUF and V2/F vatues were similar for both rhesus
nd cynomolgus meakeys at the 2 and 10 pp/kg dose fevels.

Hematological Effects in Rats Afier Single-Dose Studies
Single s.c. doses of GW395058 xt 2 or 10 pgfkg altered
platelet, RBC, and WBC pammeters. Platclet counts were
mereased two- to fourfold within three dsys postdose and
returned to normal within 14 days posidose. The platelet
(esponse was dose-dependent, in that i

Plale(at countaimi {x 1.000)
s §EEEE

°
8
3
H
g

Figure 4. Pletrles counss in male Han Wistar rats dosed with
GW395038. Average ploteles counts in raxts ave shawe, Blood sam-

rapidly, persisted honger, and were greater in magnitude 2

ples
@ GW395088 61 2(0) or 10} pehig.

doses
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within three days pastdose, aod did pot retura  bormal until
28 days postdose. Decreases ocounred more rapidly and were
greater in magni 10 pg/kg. There was 2 "

increase in red cefl distribution width, which remained ele-

TPO Mtk

RBC paramcters (bematocrit, hemoglobin, and RBC
count) decreased £5%-25% by the end of the dosing period,

* and retumed to orml within & moath postdose. Decreases

were accompanied by a redoction in mean

vated for 28 days postdose, the La<t time point
5 shown).

Total WBC counts increased slightly (<twofold) at both
doses within three days posidosc and retumed to nermal
within 14 days postdose, reflecting an across-the-board
increase in lymphocyte and granulocyte coumts. Increases in
WBC counts were uaretuted to dose (data not shown).

Hematological Effects in Rats After One-Month Repeat-Dose
Studies

Repeated i.v. administration of GW395058 at 500, 1,000,
or 2,000 pg/kg every other day for a month produced much
greater changes in platelet, RBC, and WBC parameters than
those abiserved afier single low doses. However, at these ele-
vated dose levels, hematologic effocts did oot differ among,
dose groups (Table 6). Plalelet counts increased about threo-
fold during the dosing period but increased more (about 10-
fold) within two weeks aftes dasing stopped. Platelet counts
had reumed to normal by 8 month postdose. ncreases in
platelct count were acoompanied by an increase in MPV.

corpuscalar
(5%-10%) and an increased red
cell distribation width (1S%-30%).

Total WBC counts increased markedly (sbowt eightfold)

" by the end of the dosing period and returmed to pormal witin

a month postdase. WBC count increases reflected across-the-
board increases in lymphocytz counts (about fourfold) z0d
granulocyte counts (about 20-fokd) observed during this stady.
Prothrombin time was somewhat prolnged (30%) at
the end of the dosing period, but returned to pormat within
a month postdase. Activated partial thromboplastin time
was unaltered (data not shown). .

Hematological Effects fn Monkeys After Single-Dose Studies
In cynomolgus or rhesus monkeys, no significant
changes in platelet counts were observed following s.c. doses
at 20 10 pg/kg, In cynomolgus monkeys, a 25 pg/kg sc. dase
produced small bl significant inereases in platelet counts on
days 7and 11 (3.3 times and 1.5 times, sespectively) from day
1 values (data not shown). A 100 pgkg L. dose produced
significant increascs in platelet counts on days 9, 11, and 13

‘Ead-oLdeting Viweeks  tdweds
postduse postdese
Dose (ug/kefa b} [} 500 1000 2000 2000
. Phatelet effects
Platele comit (xI0nn’) 150 26 14 2304 679 o]
MPV () 51 60 61 61 e 56
Granulecyte efech
MNexophil coont () st 1930 113 2439 3% %2
Momcyte count (Anen’) 160 1 6790 L6 738 28
Eosimoph count (imi) % 1067 310 986 1355 B
Basophiscoun (fam') u 63 w %) %0 ”®
Lymphocyte eflects
Lymghocyte count (') 4210 2195 k30 2419 41620 549
REBC effects
RBC ccunt (x10/Yowe?) 205 556 55 552 546 5
RDW (%) 127 187 i3} 130 198 163
Cosgulation eflects.
Prothromba fime {scc) 132 186 1z s nd. us
. = ot determincd RDW = ed cell distibution width

1%
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(Fig, 5). However, platelel cousts did not inerease: propor-
tionally with dose from 25 to 100 pghsg. itional,
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during the dosing period, but a enild wansient regenerative
; e

eynomolgus mookeys dosed at E00 pgrkg bad significant
inreases in total WBC counts (1 4-fold) oa day 7 (data not
shown) and seutrophil counts on day 7 (2.6 &mes) from day 1
eounts (Fig, 6). No significant changes were observed for the

urred postdose. This

decrased RBC parameters (RBC count, hematocrit, bemo-
globin) and i stribution width, ja bad
not completely resolved a month after dosing stopped,
although RBC parameters approached ormal values.

. Total WBC counts incressed slightly (<twofold) by the
end of the dosing period aod remained slightly increased for
» moath postdose. WBC count increases reflected an across-
the-board inerease in lymphocyte counts {about twofold)

. ther bematological parameters examined.
o M R Repeat-Duse

Stedles
Repested iy. odministration of GW395058 1o cynomok

gus monkeys al $00, 1,000, and 2,000 315/kg/48 h for a month
peoduced greater increases in platelet counts than were
obscrved in single-dose mookey studies. In addition, RBC
and WBC parameters were altered. However, neither the

and <twofold, monocytes

counts
. and eostnophils about fourfold) observed in this study.

Platelet counts increased sbout sevenfold during the
dosing period and retumed to approximately normal levels
within a month postdose. Increases in platclct cbunts were

exteat nor

i
dose groups (Table 7). RBC parameters were unaffected

Mean plateiots/m) (x 1.000)
8

<28 K

13 5 7T 8 1 o135 18 2

FigareS5. with
GW395058. Avercge platelet counts in monkeys are shown. Blood

were obiained from monkeys (hreefgroup) reveiving @
single r.c.dose of GIF395058 at 100 ughtg.

Nautrophil countalul (x 1,060)

Figare & Neurophil coxnss In mate cynomalgus monkeys dosed
witk GW39S0SA. Average segmeented newtrophil counss in monkeys
are shown i s )
receiving a single s.c. dase of GW395058 ot 100 yghg.

ied by an inoreased platelet distribution width
and a decreased MPV. N

Activated partiat thromboplastin time was somewhat
prolonged (10%) at the cad of the dosing period, but
reamed to normal within a month postdose. Prothrombin
tioe was unaltered (data not shown).

DiscussioN

“This ceport shows that in rats (i.v.), or cynomolgus (i.v. or
8..), of rhesus (s.c.) monkeys, administration of GW395058
fesults in dose-proportionsl exposures with the peptide
exhibiting  low CUF and Vz/F, and a lang plasma t,5. The
pharmacokinetic behavior of GW395058 is similar in
monkeys. administra-
tion of GW395058 for a month at high doses stimulated
megakaryocyopoiesis, granulocytapoiesis, and lymphocy-
topoiesis in both rats and cynomolgus monkeys, the nature and
magnitude of the responses differed between species.
Following repeated administration of GW395058, platelet
counts inceased more in monkeys than rais, while WBC
counts increased more in rats than monkeys. Platelet count
increases were accompanied by a decrease in average platelet
i keys butan r size in rats.
These differences may reflect species differences in receptor

scrsitivity or inherent cesponses to receptor stimutation.
Hematologic effects produced by repeated high doses
of GW395058 were reversible when dosing stopped,
although recovery was prolonged in some cases. This pro-
longed recovery phase may reflect GW395058's loag tia,
but it also may reflect the inherent rate at which altered
ieti 1l counts retum ic levels in the

species tested.

The observation that hematological effects in repeat-
dose studies did not differ with dose suggests that the dose
cegimen used was beyond that needed 1o elicit a maximum
resporse. This in tum suggesis that maximum responses.

s
End-ofdosing Hlweds  Hdweds
postdose | postdose
Dosc (xghg/B b)= o 500 1000 2000 . 200
Phatelet effects
Platebet coumst (x10'fmee) 3t un 80 2405 M3 23
PDW (%) 06 EX) 52 5719 59 s
MRV {") 94 69 Tl 23 ] 94
Granulocyte effects
‘Neutrophil oot ('} 440 6500 7300 5,700 440 3200
‘Mosocyte cout (fmm’) 450 1150 1550 1550 2000 50
Eosinophil count (fmm) 150 ] 00 350 100 400
’ Lymphosyte effects
Lyaipbocyic counl ') 5900 940 310 11,30 14000 10300
RBC effects
RBC count (xI0%mm'} 556 553 616 587 510 556
RDW (%) 13 154 157 154 115 167
Coagulation effects
AFT tine (sec) 193 212 n7 B3 nd wd
. = not determained; PDW = pllelet distribution widy; RDW = red cell distibution width.

could be obtained with lower and/or less frequent doses.
The dose regimen chosen made it impossible to character-
ize the dose-response curves for jndividual hematologic
effects, 50 it is not possible to addrcss the question here of
whether the various effects were mediated by a similar mol-
ecular mechanism (i.c., action of GW395058 on a single
receptor). .

GW395058-induced thrombocytosis was not associated
with hemorrhage o+ thrombosis, suggesting that induced
phatelets. function normally, as has been shown with PEG-
HuMGDF [6, 13).

Because GW395058 produces increased numbers not
only of circulating platelets that appear functionatly nor-
‘mal, but also of circutating granulocytes and lymphocytes,
the data prescated here suggest that GW395058 has the
potential to ameliosate damage or hasten recovery of mwlti-
ple ietic cell lines from induced
damage, as has been indicated for rHUTPO (20}

Although GW395058 has a long plasa 4 in mice [18).
rals, dogs and monkeys, he single s.c. dose required to double:
circulating platele levels in monkeys s S0-fold that required in
ats In previous studies [17) GWI950S8 and HUTPO were
shown 1o bind with simitar afBinity to murine BaF3 oells trans-
fectod wich the HuTPOr end eqipotent in simulating megakary-
ocyic colony formation end megakaryocyte mamuration in cells
culured from human bone marrow in vitro. Additional studies
tological responses between roderts and monkeys are due 2
significantly roduoed affinity of the monkey TPOr for
GW395058, celative to the human and rodent roceptors.
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