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JOSÉ LUIS REYES VILLAMIZAR, conocido apoderado de LAFRANCOL S.A.S. 

en el asunto de la referencia, de manera respetuosa y con el propósito de 

coadyuvar en la decisión que sobre la solicitud divisional 13-283-797 habrá de 

adoptarse próximamente, me permito presentar argumentos adicionales para 

demostrar que el nuevo capítulo reivindicatorio presentado por el solicitante 

persiste en incumplir los requisitos materiales de patentabílidad y debe, por ello, 

ser negado al resolverse el trámite en cuestión. 

I. 	COMPLEMENTO DE INFORMACIÓN. 

En primer lugar, debe señalarse que la modificación al capítulo reivindicatorio 

presentada por el solicitante el 19/09/2016, en respuesta al auto notificado por 

fijación en lista del 28/06/2016, corresponde a un simple cambio de forma que en 

esa medida no logra superar los argumentos planteados en la oposición 
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presentada por el suscrito ni mucho menos los formulados por el examinador 

técnico. 

1.1. Planteamiento en Función de Resultados Esperados 

En primer lugar, el nuevo capítulo reivindicatorio presenta defectos de claridad, 

pues las reivindicaciones 1 — 7 se plantean exclusivamente en función de 

resultados esperados tales como ser la formulación"... estable a la congelación y 

descongelación...". Es evidente que esta redacción no define estructuralmente la 

invención ni permite compararla con el estado de la técnica, pues la misma se 

basa, como ya se ha dicho, en características esperadas resultantes de la 

formulación, las cuales impiden identificar los límites de la materia reclamada en 

las reivindicaciones 1 a 7. 

1.2. Carencia de Concisión 

La solicitud actualizada incumple también el requisito de concisión, por cuanto no 

menciona específicamente los componentes de la formulación cuando incluye una 

cantidad indeterminada de posibles tensioactivos no iónicos, que pueden 

comprender tanto polisorbatos como copolimeros de poliefileno y polipropileno, 

circunstancia que hace indeterminada e inaceptable la redacción propuesta: 

"4. Una formulación farmacéutica liquida, estable altamente concentrada de 

Trastuzumab para inyección subcutánea de acuerdo con cualquiera de las 

reivindicaciones 1 a 3, en donde el tensoactivo no tónico es un polisorbato 

seleccionado de entre el grupo que consiste de polisorbato 20, polisorbato 	80 

y un co polímero de polietileno y polipropileno. " 

1.3. Unidad de invención. 

De igual manera, la solicitud persiste en incumplir el requisito de unidad de 

invención, debido a que las reivindicaciones 8 a 10 incluyen la enzima 

hialuronidasa, la cual es una macromolécula protéica que, en combinación con el 

anticuerpo trastuzumab, comprenden una actividad y efecto diferentes a los que 

se predican de cada una de estas sustancias por separado, lo que permite 
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diferenciar dos conceptos inventivos, lo que infringe lo dispuesto por el Art. 25 de 

la Decisión 486: 

Una formulación farmacéutica liquida, estable, altamente concentrada de 

Trastuzumab para inyección subcutánea (Reivindicaciones 1 — 8), y 

Un kit de acuerdo con la reivindicación 8 que comprende adicionalmente uno o 

más viales que contienen una enzima hialuronidasa (Reivindicaciones 9 y 10) 

1.4. Carencia de Soporte en la Descripción 

Las nuevas reivindicaciones tampoco cuentan con el debido soporte en la 

descripción para las modalidades que ahora se reclaman, pues no se revela allí 

una formulación estable de trastuzumab que no contenga la enzima hialuronidasa. 

Desde el inicio del trámite la formulación se ha caracterizado por contener la 

enzima hialuronidasa rHuPH20, como condición para la obtención de los efectos 

inicialmente pretendidos. Así se observa en los ejemplos 1 y 2 formulaciones A — 

Y, en los cuales siempre se empleó la referida enzima como parte esencial de la 

formulación. 

De igual manera, no hay sustento para las reivindicaciones 8 — 10, pues en la 

memoria descriptiva no se observa el tratamiento que emplea un kit donde la 

formulación de anticuerpo se encuentra en un vial y la enzima hialuronidasa se 

incluya en otro, circunstancia que ratifica el flagrante incumplimiento del art. 28 de 

la Decisión 486 

1.5. Incumplimiento de Requisitos de patentabilidad 

En adición a las objeciones planteadas, es del caso reiterar que la materia 

reclamada había sido previamente revelada en publicaciones disponibles en el 

estado de la técnica, en términos que me permito citar a continuación: 

3 

Dl. US 6267958 B1 "Protein Formulation" James Andya [VS] Jeffrey Cleland 

[LIS], Chung C. Hsu fUSI 2001-07-31 
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D2. Xanthe M. Lam, Janet Yang y Jeffrey Cleland "Antioxidants for prevention 

of methionine oxidation in recombinant monoclonal antibody HER2", 1997-

11-11 

D3. US 2007/0071675 Al "Dual variable domain immnoglobulin and uses 

thereof" Chengbin Wu rus] Tariq Ghayur [US], Richard W Dixon [US] 2001-07-31 

El documento D1, el cual fue citado la oposición y escritos subsecuentes, 

menciona todos los componentes de la formulación ahora pretendida, al referirse 

específicamente a formulaciones de proteínas estables liofilizadas adecuadas para 

administración subcutánea. En este documento, al igual que en la presente 

solicitud, se desarrollan formulaciones de anticuerpos anti-HER2 comunes en el 

estado de la técnica y rutinarios para un técnico versado en la materia respectiva. 

De igual forma, D1 cita los componentes adicionales de la formulación, entre ellos 

sacarosa o trehalosa, histidina, metionina y el tensoactivo no iónico tal corno el 

polisorbato, los cuales son incluidos también en el documento en trámite, sin dejar 

dudas de su empleo en una formulación de anticuerpo anti-HER2. Recordemos: 

SUMMARY OF THE INVENTION 

invention s based un the discnvery that a stable 
lyonhilizeLprolein Cormulation  can be preparad using a 
lyoprotectant (preLerably a sugaz such as §tterose. or 
tu:balase), which lyophiliggd formulation can he reconsti-
tuied lo generaic stahle reconstiluted Cormahilito having a 
proleM concentraHin which issignificantly highcr (e.g. From 

..) 

5 	acteristies oí I hc farm ula tio n. Acecp rabie Pa rri ers, excipients 
or siabilizers are nontoxic o recipients al ihe dosages and 
concentrations employecl and include; adclitional laulFering 
agents; preservatives; co-solvents; antioxidanis including 
ascorbip_acicl and ingthionine, chelating agents such as 
FOFA; metal complexes (c.g. Zn-protc in complexes); Mo- gi 
degrada ble polymers such as polyesters; andfor sallTorming 
counterions such as sodiu 

Generally, (he pe-Iyuphilized formulation oí the proteM 
and lyoproleeiant will further include a buffer which mo-
vido, thc Formulation at a suitahle pl I, &routing un Mg 
prole] in the Formulation. Por Ibis purpose, 	has liceo 
íound lo he desirable lo use a histidine bulo in that, as 
demunstrated han% this appears in Nave lyuproiective 
properties. 

The Cormulation mav nuther Índole a surfactant (e.g. a 
pplysorbate) in that it has lacen observad Urgir] that dais can 

1,5 reduce aggregatn oí [he reconstituted protejo and/nr 
reduce Ilre forma [ion uf particulates in the ruconstituted 
formulation. The su rfa utast can be added lo the pre- 

LI 
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Así pues, la formulación reivindicada reproduce algunos de los componentes y 

proporciones que aparecen en D1, e incorpora otros de uso común que una 

persona versada en la materia podría incoporar sin mayores dificultades: 

Orle useful anti-HER2 affiboclya6z1y.Rphilizecliormulaz 
tion as discovered in the experiments detailed below was 
round tu comprise anli-1 IER2 in amount from about 5-40 

(e.g 20-30 mg/ml.) and sucruse or  Lieludose in an 
amount from aboul 10-100 mM  (e.g 40-80 mM), abufter 
(e.g histidine, p11 6 or succinate, pll 5) and a surfaciant (e.g. 
a polysorbal. lbe lyophilized Mrmulation was found lo be 

Como puede verse, se han presentado intervalos de concentración de anticuerpo 

anti-HER2 de 5-40mg/mL, cuando el autor del mismo documento incluye (párrafo 

3, página 14) formulaciones más concentradas de dichos anticuerpos: 

50 mg/mL. For example, the prolein conceutation  lo the 
reconslituted formulation maybe frOm about 80 me,ffm lo 
abotit 300 nit2inti..  Cienerally, [he .proffilt eoncentration in 
the reconslibilecl formulation is about 2-40 times greater 20 
Iban the prolein coneentration in the mixture before lyo-
philization. 

De igual manera, D1 menciona para proteínas concentradas la siguiente 

formulación, la cual incluye, tanto los componentes, como cada una de las 

proporciones necesarias, tal como se pretende en la solicitud en trámite: 

The lyophilized proicin was the n reconstihnecl with either 
4 or 20 int. oh BWOI (0.9 or 1.1% benzyl alcohol) io yield 
°onceno) Fe (1 nroiein •  sol unons; 

1(n) 4 mi,: 102 ingtmL rhuMAh HER2, 245 inM trehalose, 
21. niN4 sodium succinate, pH 5.0 or 21 mIS4 histichne, 
611 6.0, 0.04% Tween 2OTM; 

(b) 20 niL: 22 milnaL ihuMAb "'ERZ, 52 mM trehalose, 
4 mM sodiem sueeinate, 1)115.0 or 4 mM histid int, p11 45 

60, 0.009% Tween 201-m. 

En consecuencia, la solicitud es anticipada por el desarrollo presentado en D1 

bajo la selección específica de anticuerpos anfi HER-2 como trastuzumab y las 

concentraciones específicas de formulación, que son obvias para un técnico medio 

versado en la materia. 

De otra parte, si bien es cierto que el documento D1 no incluye la proporción 

exacta de metionina sí divulga expresamente su empleo, lo que permitiría a 
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cualquier técnico medianamente versado en la materia entrar a determinar, 

simplemente, los rangos requeridos de ese componente dentro de la formulación. 

Por su parte, y como complemento del párrafo anterior, se observa que el 

documento D2 (Lam et al.,) citado por el Despacho y referido a formulaciones 

líquidas estables de trastuzumab que comprenden antioxidantes para la 

prevención de la oxidación de metionina, incluye como ejemplo 14.5mM de 

metionina (ver tabla 1 citada a continuación), proporción que estaría incluida 

dentro del intervalo de concentración divulgado por la solicitud en estudio (5-

25mM de metionina). Veamos: 

labio 1—Llst af rhuMAII HEIR2 Liquld Formulations 

Protein 
Concentration, 

Formulation 	Usage 	mg/m1 Buffer Excipients 

A 	Single dose 	5 	5 mM sodium acetato, 
PH 5.0 

147 mM NaCI 
0.01% polysorbate 20 

Multiple dose 	21 	5 mM sodium acetato, 
pH 5.0 

4% mannitol 
0.01% polysorhate 20 
1% benzyl alcohol 

Multiple dose 	21 	5 mM sodium metate, 
pH 5.0 

4% mannitol 
0.01% polysorbale 20 
1% benzyl alcohol 
14.5 mM methionine 

Multiple dose 	21 	5 mM sodium acetate, 
pH 5.0 

4% mannitol 
0.01% polysorbate 20 
0.01% benzethonium 

chloride 
14.5 mM methionine 

Dicho documento no solo divulga sino sugiere que es necesario el empleo de 

metionina en la formulación por lo que su inclusión en la fórmula reivindicada era 

obvia en el momento de la solicitud inicial. Adicionalmente, en la solicitud en 

estudio no se incluye un efecto técnico aparentemente derivado de la adición de 

metionina en esta concentración, por lo que la selección de una concentración 

entre 5-25mM de metionina era obvia y derivable del estado de la técnica para 

obtener las reivindicaciones de la solicitud. 

Un tercer documento US 2007/0071675 (Wu et al.,) citado también en la 

oposición, incorpora todos y cada uno de los componentes de la formulación, ven 

sus mismas proporciones hecho que demuestra irrefutablemente que la solicitud 
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en estudio no es novedosa y sus componentes particulares no cumplen con el 

criterio de nivel inventivo. 

Esto puede constatarse en ei párrafo 184, en el cual, para una formulación 

parenteral, se administran de 0.1 a 250 mg/mi de proteína de unión, yen donde el 

buffer o tampón de histidina tienen un intervalo de concentración de 1 -50mM con 

un pH de 5 a 7, para luego adicionarse trehalosa u otro azúcar e incluirse 

metionina en un intervalo de 5-10mM y un tensioactivo como polisorbato 80 en 

una concentración de 0-0.05%: 

[0184] .1 he bindinn proteins o II the invention can he ineor-
porated jaro a pliannacemical composition suimble for 
patenten! adminisiration. Prekrably. the andbody or anti-
bpdv-podions 'vil] be prepared as an injectable solution 
contaming 0.1-250 ni/ml binding proteiii:1The injeDable 
solution can be composcd of either a liquid or lydphilized 
dosage Ibrin  in a lihil or amber vial, ampule nr  ptedilled 
svrinoe.(The buffer can be L-hist idine (1-50 mM), optimall) 

D ',,5-10 mEd. at pll 5.0 io 7.0 (optima ly  pll 67)0ther suitable 
buffers inelude bu t are not limite(' lo, sodium suceina te, 
sndium eitrate, sodium phospha te or pótassitnn phosphate. 
linchan' chloridc can be used tu i lodify the ioxicily oí the 
solution al a concentro ion of 0-300 tuM (optimally 150 inM 
for a liguid dosage lbrm). Cryoproteetants can be includeci 
kir a lyophilized dosage !brin, principally 0-10% sucrose 
(optimally 0.5-1.0%). °d'u suitable cryoprotectants inelude 

(trehalose and lac(ose2(Bulking agents can be included for a 
TYoTilfíliiej dosage brin. principally 1-10% manniiol (opi-
mally 2-4%). Stabdizers can be used in boli' liguid and 
lyophilized dosage Ibnnsdprincipally 1-50 inM L-Methion-
ine (optimally 5-10 inM)ipther sanable bulkintz ,agents 
include glycine. ardinine, (can be included as 0-0.05% 
polylorbate-R0 (optimally 0.005-0.019 Additional surfac-
tants include but are not limited lo polysnibate 20 311(11312D 
surfactanis. The pharmacentical composition comprising the 
binding proteins DF he invention prepared as an injectable 
sola! ion for parentera1 administradon, can furiber comprise 

Este documento incluye anticuerpos anti-HER2 como el trastuzumab como 

anticuerpos parentales de estas formulaciones. 
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[01121 Parent connacional antibódies may also be seleeted 
from va rious therapeutic antibodies approved for use, in 
clinical irials. or in development for elinical use. Such 
therapeulic andbodicsiiiclude. bui are noi limbed 	rimx- 
imab 	IDECKienenicell/Roelle)(sce for example 
U.S. Pai, No. 5,736.137), a eliimmic anti-CD20 antiboey 
approved lo Meca Non-llodgkin's lymphoma; IluMax-
CD20, an anti-CD20 eurrently being, developed by Genmab. 
an anti-Cl.)20 antibody described in 11.5. Pm. No, 5.500.362. 
AME-133 (Applicd Molecular Eva ha ion), liA20 (1inimino-
med les. 11161. Intima YM (liumeel). and 912070769 (PCT/ 
11S2003/040426.  entided "Immurilubulin Variants and 
Uses 1 'hercolT ).1irastuzum-ab (11eraniryk. CienentecIsee 
for example U.S. Pat. No. 5.677.1711. a humanized and-
Herrneu and body approvecl lo (real breas( caneen pena-
zumab (rhuMal)-2C4, Omni(am(R), eurrently beins (Joyel-
oped by Genentech: an anti-Her2 antibody desebecl in U.S. 
Pat No. 4,753,894: cetuximab (Erbinixe, linclone) (U.S. 

No. 4,943,533: PC]' WC) 96/40210), a chimeric anti- 

Así las cosas, se reitera que la modificación realizada no supera las objeciones de 

novedad y nivel inventivo ya establecidas, en términos que serán resumidos a 

continuación: 

Presente solicitud divisional 

—Nuevo capítulo 

reivindicatorio 

03: US 2007/0071675 Dl: US 6.267.958 

1. Una formulación 

farmacéutica liquida, estable, 

altamente concentrada de 

Trastuzumab para inyección 

subcutánea que consiste 

esencialmente de: 

Una 	formulación 

farmacéutica 	líquida, 

estable, 	altamente 

concentrada 	de 	un 

anticuerpo 

farmacéuticamente 	activo 

anti-HER2 para inyección 

subcutánea 	que consiste 

de: 

Una 	 formulación 

farmacéutica 	liquida, 

estable, 	altamente 

concentrada 	de 	un 

anticuerpo 

farmacéuticamente 	activo 

anti-HER2 	para 	inyección 

subcutánea 	que 	consiste 

de: 

entre 120 ± 18 mg/mi de 

Trastuzumab; 

0.1- 250 mg/m1 (dentro del 

intervalo 	120±18 	mg/m1) 

de anti-HER2 

102 	mg/mi 	(dentro 	del 

intervalo 120±18 mg/ml) de 

rhuMAb HER2 

entre la 50 mM de un 

tampón de histidina que 

proporciona un pH de 55 ± 

1 a 50 mM de histidina pH 

5 - 7 	(dentro del intervalo 

pH 5,5 ±0,6) 

21 mM de histidina pH 6.0 

(dentro del intervalo pH 5,5 

±0,6) 

entre 15 a 250 mM de cr,a- 

trehalosa dihidratada o 

trehalosa 245 mM de trehalosa 

e 
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sacarosa y 

entre 	5 	a 	25 	mM 	de 

metionina; y 

5— 10 mM de Metionina Metionina 

entre 001 a 008% de un 

tensioactivo no tónico; 

0- 0,05% de tensioactivo 

no jónico (Polisorbato-80) 

0,04% 	de 	Tween 	20 

(tensoactivo no Jónico) 

De acuerdo con las diferencias en selección de proporciones de los componentes 

tal como metionina, los documentos D1 y D2 permitían derivar la materia de la 

solicitud bajo los mismos componentes y proporciones ahora pretendidos. 

Es importante mencionar que la formulación bajo criterios de diferentes 

concentraciones de ingrediente activo y otros parámetros a definir como 

estabilización o actividad en el tiempo, permiten al técnico medio realizar ajustes 

con el fin de encontrar variaciones en las proporciones, sin que esto implique un 

salto cuantitativo sobre las formulaciones ya existentes, pues ello simplemente es 

lo que permite desarrollar protocolos de estandarización bajo condiciones 

diferentes. 

1.6. Referencia a los argumentos del solicitante. 

En su respuesta, el solicitante menciona que la formulación no es igual a lo 

divulgado por el documento D1 en que la formulación farmacéutica comprende 

puntualmente el anticuerpo anti-HER2 «Trastuzumab» en una cantidad de «120 ± 

18 mg/m1». Además, dicho documento no revela la específica combinación de 

excipientes y concentraciones de la formulación reclamada en la solicitud en 

estudio. Por consiguiente, me permito manifestar que la presente solicitud cumple 

a cabalidad con los requisitos de patentabilidad establecidos en el Articulo 16 de la 

Decisión Andina 486/2000. 

Frente a este argumento es claro que el solicitante pasa por alto que una 

generalización como anticuerpo anti-HER2 INCLUYE el anticuerpo trastuzumab y 

que además siendo un anticuerpo comercialmente conocido, la relevancia es 

mayor como se observa además en el documento citado D3, que define el 

anticuerpo anti-HER2 como trastuzumab específicamente. 
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Acierta el Despacho, por cuanto el anticuerpo trastuzumab solo corresponde a una 

selección de la fórmula general anticuerpo anti-HER2 por lo que ambas 

denominaciones en este caso son iguales. En adición a ello, la concentración de 

proteína en D1 en la formulación puede variar de 80 mg/mL a 300 mg/mL, 

concentración incluida e indicada en la reivindicación 1. 

In yet a further embocliment, the invention provides a 
rnethod for preparing a formulation comprising the stops of: 
(a) lyophilizing a mixture nl a prole in and a lyoproteetand, 
ancl (1)) reconstituting the lyophilizecl mixture oí step (a) in 
a diluent sueh that the reconstitutecl formulation is iscitonie 15  
ancl stzible and has a protein concentraban oí at least about 
50 mg/ml.. Por example, the prszein_gaw edidEati0g_inAlig 
reeonstituted formulation maybe from about 80 allblui to 
)11)but 300 mp/Stil_ Generallyl, the protein coneentration in 
the regonstituted fOrmulation is about 2-40 times ereater 20 

Iban the protein adneentration in the mixture bellore lyo-
philization. 

De otra parte, en cuanto a la divulgación de los demás excipientes y proporciones, 

en la tabla de comparación antes señalada, se observa que únicamente la 

proporción de metionina no se ha divulgado; sin embargo y tal como se mencionó, 

se observa de D3 que esta concentración es común y rutinaria en la técnica con lo 

que no hay lugar a dudas de que la solicitud no es novedosa frente a D1 o D3, 

cuya combinación, además, resulta obvia para una persona versada en la materia. 

Por otro lado, el solicitante afirma que la diferencia entre el documento D1 y la 

invención radica en tres aspectos: 

(1). El documento D1 no describe una formulación liquida de anticuerpo anti-

HER2 altamente concentrado. 

(11). El documento D1 no divulga o sugiere las cantidades exactas de 

Trastuzumab y excipientes en la formulación líquida como las reclamadas 

en la presente solicitud, y en particular, no hace referencia a las cantidades 

de metionina útiles en una formulación de este tipo. rd 

(iii). El documento D1 no describe ningún dispositivo de inyección o kit que 

comprenda la formulación líquida de la presente invención y una enzima 

hialuronidasa en una formulación separada. E 

Sin embargo, como ya se ha mencionado, pese a que D1 menciona efectivamente 

composiciones liofilizadas, también revela de qué manera se manifiesta la 
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formulación posterior luego de reconstituirse, es decir, como una formulación 

líquida de anticuerpo altamente concentrado y que puede contener de 80 a 300 

mg/ml. 

En lo que hace a los excipientes y cantidades exactas en la solicitud y cantidades 

de metionina útiles, ya se ha mencionado que la solicitud emplea que están 

incluidos entre los que enseña el arte anterior, siendo incluso, prácticamente los 

mismos revelados en D3. En este caso, la única diferencia que se observa es la 

cantidad exacta de metionina, que útilmente se ha incluido en la reivindicación 1, 

siendo estas cantidades normales en el estado de la técnica como se observa 

también en D2 y D3. 

Ahora bien, aunque D1 no mencione los kits que comprende formulaciones 

líquidas y una enzima hialuronidasa en una formulación separada, la solicitud en 

sus ejemplos tampoco lo hace, pues todo el desarrollo de la solicitud se basa en la 

combinación del anticuerpo anti-HER2 y la enzima hialuronidasa rHuPH20. En 

este orden de ideas, se reitera que la solicitud viola flagrantemente el Articulo 25 

sobre unidad de invención y el Articulo 30 al no cumplir con el respectivo soporte 

en la descripción para formulaciones que no comprenden la enzima hialuronidasa 

tal como se expresó a la largo del trámite. 

En conclusión D1 y D3 en combinación con D2 demuestran que no existe nivel 

inventivo en la solicitud en trámite para las formulaciones de trastuzumab que 

incluyan metionina en las proporciones reivindicadas, por cuanto no existen 

efectos sorprendentes en las mismas, ni evidencia de ventajas técnicas 

comprobadas sobre las formulaciones de anticuerpos del estado de la técnica. 

*** 
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II. 	PRUEBAS. 

Ruego que se tengan como pruebas de este escrito, los documentos mencionados 
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Abstract O Recombinant humanized monoclonal antibody HER2, rhuMAb 
HER2, in liouid forrnulations undergoes oxidafion when exposed to intense 
light and elevated temperature& (30 & 40 °C). Me(-255 in Me heavy 
chain of te Fc region of the anfibody is the primary site of oxidaban. 
Met-431 of the Fc fragment can atm be oxidized under extreme conditions. 
The amount of oxidation was determinad by cleaWng the Fab and Fc 
fragments by papain digestion, and the oxidized Fc fragment was detectad 
by hydrophabic interaction chromatography. Oxidaban of rhuMAb HER2 
was also formulaban dependent. The presence of NaCI in the rhuMAb 
HER2 formulaban caused en Marease in oxidaban at higher temperaturas 
after contad with stainless steel containers or stainless steel components 
in the filling process. The corrosion of stainiess steel by chloride ions at 
Me low pH of the formulation buffer generated iron ions that catalyzed 
methionine oxidaban in rhuMAb HER2. Temperature-induced oxidaban 
of rhuMAb HER2 occurred by the formation of free radicals, and light-
induced oxidaban of rhuMAb HER2 occurred via singlet oxygen pathway. 
Antioxidants, such as methionine, sodium thiosulfate, catalase, or plafinum, 
prevented Met oxidaban in rhuMAb HER2, presumably as free radicals 
or oxygen scavengers. The rffinimum effective levels (molar ratios of 
protein to anfroxidant) required to inhibit temperature-induced oxidation 
were 1:5 and 125 for methionine and thlosulfate, respectively. A 
thiosulfate adduct of rhuMAb HER2 was observed by cation-exchange 
chromatography. These studies demonstrate that staichlometric amaunts 
of methionine and thiosulfate are sufficient to eliminate temperature-
induced oxidaban of rhuMAb HER2 caused by free radicals that were 
generated by the presence of metal ions and peroxide impartes in Me 
formulation. 

Introduction 

Oxidation of methionine is one of the mejor degradation 
pathways in many protein pharmaceuticals, including inter-
leukin-2, relaxin, parathyroid hormone, and human growth 
hormona. 1-7  Mothionine residues in proteins are susceptible 
to oxidation, resulting in the rotulador) ti inethionine sulfoxide 
and, under extreme cunditions, sulfones. Methionine sulfoxide 
formation can occur during synthesis, purifIcation, formula-
tion, manufacturing, and storage of protein pharmaceuticals. 
During formulaban and storage. oxidation of methionine-
containing proteins can be caused by the presence of certain 
formulation excipients, including polyethylene glycols and 
nonionic potyether surfactants; these compounds can undergo 
autooxidation to form peroxides.8  In fact., peroxides such as 
hydrogen peroxide have been vvidely used for studying the 
kinetics and mechanisms of methionine oxidaban in pro-
teins.9EI Peroxides react with metal ions to form free radi-
cal:y that can initiate oxidation of proteins.12.13  Methionine 
can also be photooxidized by a free radical pathway,i 4  or via 
singlet oxygen intermediale formationds For instance, pho-
tosensitizers can absorb radiation energy lo form excited 
species that initiate the forrnation of free radicals for me-
thionine oxidation. The excited species can also react with 

e Abstract published in Advance ACS Aburarrs October I, I g97.  

oxygen to form singlet oxygen, which in turn oxidizes me-
thionine to yield methionine sulfoxide. Ehotolytic degradation 
of prolein drug products can be innuenced by many factors, 
including the buffer and its concentraban, excipients, and 
formulation p. Storage canditions. such as radiation inten-
sity and duration and temperature, can also affect the rata of 
photolytic degradation. 

The use of antiaxidants in pharmaceutical products is une 
of the common ways to protect the cirugs from oxidative deg-
radado:1.W 7  The unknown toxicity of many antioxidants and 
their incompatibility with proteins and/or excipients in paren-
teral formulations has hampered their use in protein phar-
maceuticals. Nevertheless, severa) antioxidants have been 
identified for 11w prevention of methionine oxidation in re-
combinant human proteins» 8  including chelating agents, re-
ducing agents, oxygen scavengers, and chain terminators.19  
Chelating agents bind to metal ions that catalyze oxidative 
reactions. Metal ions can react with peroxide Miami tres or 
the protein itself in the formulation fa form free radicals that 
initiate oxidative degradation. Reducing agents reduce an oxi-
dized drug product. For instante, the oxidized form of methio-
nine, methionine sulfoxide, can be reduced to methionine by 
a reducing agent. Oxygen scavengers are substances that are 
more susceptible to oxidation than the drugs they are protect-
ing. These substances are reducing agents that can react with 
oxygen by preferential oxidation, and thus remove the source 
of oxidation. Chain terminabais are substances that can react 
with free radicals to produce intermediates that terrninate the 
oxidaban reactions via free radical pathways. 

The overexpression of a 185 kDa glycoprotein (p185Em2) 
has been round in tumor cells of hreast and ovarian canear, 
and rhuMAb HER2 binds to the extracellular domain of the 
glycoprotein to inhibit the grawIti °Chumar' br can carcinoma 
cells.2° 21  In the initial development of a liquid formulation 
for rhuMAb HER2 used in the treatrnent of brean cancer 
patients. methionine sulfoxide formaban was detected usIng 
fert-butylhydroperoxide oxidant.22  The goals oí Ibis study 
were to investigare thn effect of temperature and light on 
oxidation of rhuMAb HER2 in liquld formulations, to deter-
mine the mechanisms of methionine oxidation, and to identify 
antioxidants for their prevention. 

Experimental Section 

Mataríais— rhuMAlt HER2, expressed in Chirles° hamster ovary 
cells, was purified by Process Recovely Operations al Cenernech, Inc. 
Al' chemicals and reagents used were reagerd grade. Solvend used 
For hydrophobic inircaction and cation-exchange chrommography 
O IPLC) assays 've re nItrred befar() use. L-Methioni no, sodium 
IlliesuliPte, and cal (liase were purchased 'ron' Sigma Chundral 
Company (Si. Louis, MO). Platinurn was purchased froin 
Chernicai Company (Nlilwaukee. WI). Carboxypetidase 13 and papan) 
(from Carda papaya) were obtained from Hoehringer Mannhcim 
Biorhemicals (Indianapolis. IN). 

rhuMAb HER2 Formulations—The thermal slabili ny and phe-
lustability studies oir huMAI) HER2 were assessed for the single and 
multiple (loso formulations listed in Table I. Formulado() A was 
designad for use in single dosing, and Forrnulations B—D were 
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T8ble 1—Lisl of rhuMAb HER2 Liguid FormulatiOnS 

Forrnulaticn Usage 

Protejo 
COnCentration, 

mg/mL Buffer Excipients 

A Single dose 5 5 mM sodium acetate, 
pH 5.0 

147 41 NaCl 
0.01% polysorbate 20 

8 MUltiple clase 21 5 mM sodium acelate, 
pH 5.0 

4% mannitol 
0.01% polysorbate 20 
1% benzyl alcohol 

O Mole dose 21 5 mM sodium acetato, 
pH 5.0 

4% mannitol 
0.01% polysorbate 20 
1% benzyl alcohol 
14,5 mM methionine 

O Multiple dose 21 5 mM sodium acetato, 
pH 5.0 

4% mannitol 
0.01% polysorbare 20 
0.01% benzeonium 

divide 
14.5 mM melhionine 

designe(' for multiple does and timarme corita in preserva listes. Ahl 
formula tions were filen under asentir conditions in tu 10-mL glass 
vials with a fill volurne uf 10 rnL. 

HPLC Assays—A Hewelett Packard HILl 0901. HPLC instrument 
equipped with a diodo array detector and solverst delively system was 
used tu assess the stability of rhuMAh I II(R2 by hydraphobic 
interaction, size exclusion, and cation-exchange chrornatography 
methods. 

Hydrophobie interaction HPLC (41IC) was employed tu quantify 
tho amount uf oxidizod Fe in rhuMAb I IER2. Fur separating the Ec 
diptiani liban the 1(ati ['agrupa oí the munuclorial antibody, rliuMAh 
HER2 samples were first digested with carboxypepticiase E at a 
cancela ration of 1:100 (w/w. earboxypeptidase B: rhuMAb HER2) at 
37 °C for 20 Mira fullotved by papain digestion at a concentration of 
1:200 (w/w: papain: rhuMAb 1-1E22) al 37 °C for 2 h. Digested 
se inpl es were mjeeted dircetly anta a TSK Butyl-NI512 column (9.6 u< 
35 nao, 'tosoliaas) am] eluted at 0.5 niL/rnin with a mobile plise 
consisting of buffer A (20 mM Tris at pf! 7.0) and buffer 13 (2 M 
ammonium sulfate in buffer A). A linear gradient from 10 ro 100% 
buffer A was performed over 47 min al ainhitint emperat nra. Peak 
domaron was performed at 214 nin 

Nativo Sble exclusion ehromatography (5E41) was usad lo determine 
dra( amount of soluble aggrega tes and monearais present in 1 he 
rhuMAb 1 IER2 formulations, Samples were eludid isurratically al 
ambient temperature using a TSK G3060SWXL colones (7.8 300 
rant Toschaas) at 1 niUmln with phosphate buffered saline (l'ES) at 
pH 7.2 as mobilo pliase. The runtime was 20 min. and ptaks were 
delected at 280 nm. 

Ion exchange HPLC (LEC) was employed with a Bakerbond WP 
Carboxy Solían column (4.6 x 250 mm, J. T. Eaker) to eharacterize 
deamidatien of rhuMAb HER2 in the formulations. Samples were 
eluted at 1 mL/min 'vil It mohile phase consisting al buffer A MO mM 
sodium phosphate al pl I 5.9) and buffer B (0.2 Nl sodiurn chluride in 
buffer A). A linear 	adient lboin In lo 45% buffer E was perfurrited 
over 55 min. The column was maintained at 10 C. and peaks were 
detected at 219 nm. 

Extracellular Domain (ECD) Plate Binding Assay—This assay 
assassed the ability of rhuMAb HER2 ro bind ro the ECD of the 
pl 853E152  glycoprot ein. rhuMAb HER2 samples were diluted luto 
assáy buffer lo concentra:50ns within the linear rango 10-70 ng/ 
mi.) nf the standard curve for t hp assay. Hiluted samples uvero 
ineubated with recombinant p 1 851m32  ISMD protein in 96 wells oía 
microtiter plato kir I h at amblent temperature. Alter incubation, 
die wells were washed with assay buffer, and a HRIbconjugatecl antb 
hurtan Fe gest antibody was added. After additional washing, a 
substrate pf o-phenylenediantine was added for a 10 min incuhation 

at ambient temperature in tlic dark. Absorbances at 490-492 nrn S—SS  
were reaff and sample rrancentrations were determinad from a 
standard curve using a four-oarameter logistic curve fitting program. 

Bioassay—This assay quantitated the hitmetivity ufrhuMAh HER2 
by measuring the antiproliferative effeets of the antibody on 131-474 ) 
cells derived from 'lumen breas t duct al carcinoma. rhuMAb I I1(R2 
samples were diluted int° assay buffer tn a roncrant rat ion of 0.25 stg/ 
int,. Munid sarrillos 000 	were ineubated with BT-474 rens in 
a 06-well tissue eulture piare at 37 °C fur 95 h. Alter inoubat ion, 
medium was removed and the piste was stained with Crystal Violet 
stain. Bioactivity of rhuMAb HER2 was guantitated by measuring 
the absorbance at 540 Tara. Sample concentrations were determined 
[mm a fnur-parameter fit equation generated from the standard curve 
data. The rango for sainete quantitation was 20% from the low and 
high asybriptotr of the curve generated. 

Thermal Stability Studies—The effect of temperature on oxida-
Ion oí rhuMAb I IF,R2 was studied by ineubating /limpies of Formula-
d/in A (single dosel and Formulation E Onultiple dosel at 5, 30. and 
40 'T for 2 wrieks. At each timepuint, samples were analyzed for 
(nebladura by HIC, aggregadon by SEC, dearniclation by IEC, and 
activity by ECD piare blnding assay and hioassay. 

Photostabillty Studies—Twovials nf oach liquid formulation (A—
D) were stnred In a light hos (Forma Scient irle. mudel 3890) under 
high intensity fluurescent light maintained al 20 000 lux, whieli is 
—.15-20 times that uf indoor Iluorescent light. Another two vials 
wrapped with aluminum foil were also stared in the light box as 
controls for the same pedo(' uf lime. The temperature of the light 
bus( was al 27 C. Alter 2 weeks, samples were assayed by the same 
analyrical methecis as those used for the thermal stability studies. 

Antioxidant Studies—To study the inhibitory effect of antioxi-
dan ts nr, 1ight-M(1°nd oxida tiOTI of rhuMAb HER2, methionine and 
sodium thinsulfatewere added ro formulation A at Final coneentrations 
of 3.5 mM (0.05% w/v) and 8.3 mM (0.1% w/v). respectively. -Che 
andasiciarat-containing formulations were filtored into 10-nuL glass 
vials with a fill volume of 10 mL. and two vlals from each formulation 
were kept in the light box. As etintrols, two eches vials were shielcled 
from light by wrapping with alurdinum foil and stered In the salar 
light inx. At 2 wneks, sampins were analyzed for nxidation by the 
I IIC assay. 

The inhibitory effect of andoxidants on temperaturednduced 
°sitiador' of rhuMAh HER2 was evaluated by adding 3.5 mM 
metbinnine (0.05%). 6.3 mM sodium thinsulfate (0.1%), catalase 
(0.002%), and nlatinurn (0.00.5%) lo Formulat ion A ligare fiuuing into 
10-rol. glass vials. Sainnles were silo& al 10 t for 2 weeks and 
Oren assayed by the I EIC mentid. 'DM Calle( PE inulecular uxygen 
oxidation of rhuMAb HER2 was alsn examined by replaring headspace 
nxygen from ovo 10-ml filled vials of Formulatinn A with nitrogen 
helbre they were stored at 40 °e: for 2 weeks. Samples wern analycrad 
by the I IIC assay, 

Tu deterMine l he FIllairallal el-festMe levels required te inhibit 
rhuMAbtlISIM oxidation. methionine and sodium thiosullate at molar 
ratios 'proveen 1:1 and 1:1 SO (pratein: and oxidan r) were added ro 
lbormulat inri A. Antioxidaribeentaining rhuMAb HER2 niateria 1 was 
then O llerl ano 	glass vials. Samples were storod at 10 C for 
2 weeks, and Uien assayed for oxida don lw the 11 IC menina. 

Results and Discussion 

Thermal Stability of rhuMAb HER2—The effect of 
temperature on oxidation af rhuMAb HER2 was studied in 
Farrnulation A (single dosel and Forrnulation B (multiple dose) 
at 5, 30. and 40 °C. As shown in Figure 1, the increase in 
oxidation of rhuMAh HER2 was temperature and formulation 
dependent. Atter incubation for 2 weeks, the rhuMAh HER2 
in FormulaUon A (5 mg/mL protein In 5 mM sodlum acetato, 
147 mM NaC1, 0.01% polysorbate 20, p1-1 5.0) liad 10, 17, and 
52% oxidized Fc at 5, 30, and 40 °C, respectively. The 
percentage of oxidized Fc analyzed by HIC at each timepoint 
was defined as the sum af the peak areas uf the two oxidized 
peaks (1 Ec divided by the total peak arcas of the Fc peaks 
(Figure 2). Previaus studies demonstrated that peak I 
contafned oxidized Met-255 and peak 2 consisted of rhuMAb 

HER2 oxidized at both Met-255 and Met-431 in the Fc.22  
Although these two methionine residues located en the sudare 
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Figure 1-Efle t of temperature on oxida ion of rhuMAb HER2 in formulations A 
and B, Sample were analyzed for methionine oxidation by HIC atter 2 weeks of 
incubation at 5 °C (black), 30 °C (grey), and 40 °C (striped). 

10 	 15 

Time (mm) 

Figure 2-HIC chromatograms showing the effect of temperature cm oxidat on of 
two methionine residues on the Fc domain of rhuMAb HER2 (Formulation A). 

Samples were incubated at 5 °C (salid lino), 30 °C (dashed line), and O °C 
(dotted line) for 2 weeks. The three main peas of the rhuMAb HER2 Fe domain 
are non-oxidized Fe (peak 0), Fc fragment with oxidized Met-255 (peak 1 , and 
Fe fragment with oxidized Me(-25& and Met-431 (peak 2). Altar incubation, the 5, 
30, and 40 °C sarnples contained 10, 17, and 52% oxidized Fc (peake 1 & 2), 
respectively. 

uf the antibady are more susceptible to oxidaban than other 
methionine sites that are buried in the variable domains. they 
are neither within the Fry receptor reglan flor the cornplement 
Clq epitopes in the Fc of the heavy chata In Formulaban A, 
oxidation of these two methionine residuos increased with 
temperature. In contras& Formulaban 13 (n'u (tiple ciase), 
which consisted of different exciptents, did not exhibii an 
increase in methionine oxidation at high temperatures (30 & 
90 °C) after 2 weeks of incubaban. In addition, when the 
surfactant (polysorbate 20) was nat added in Formulaiton A. 
<10% oxidized Fc was detected in the samples that were 
strured at 30-40 T. These results indicate that oxidaban of 
rhuMAb HER2 was also formulaban dependen& 

The difference in the degree uf oxidaban of rhuMAb HER2 
in Formulations A and B at high temperatures was also 
process related. The NaChcantaining rhuMAb HER2 For-
mulaban A had 52% oxidized Fc at 90 T for 2 weeks when it 
was filled into 10-mL glass vials by a stainless steel filler, as 
compared with 18% oxidized Fc when filled by a nonstainless 
steel filler, The replacement of NaCI by mai-Infiel as a 
tonicifier yielded Formulation B that did not induce rhuMAb 
HER2 oxidation at high temperatures. even though it was 
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filled by the same stainless steel filler. These results revea! 'IS 
that the excipient. NaCI. in Formulation A played an impor-
tant role in rhuivlAb HER2 oxidation. One hypothesis for the 
role of salt in the oxidaban of rhuMAb HER2 was the 	,-- 
corrosion of the stainless steel companents of the filler by 1.1 
chloride ions at low pH, generating metal ions such as iron 1 
that catalyzed oxidation. When rhuMAb HER2 in Formula-
dos] A was tested for metal ions by induced coupled plasma 
(ICP) spectrophotometry, the amount of iron increased from 
<0.1 ppm in the control sample (glass vial) to 3.1 ppm In u 
sample stared at 5 °C for 3 months in a 30-mL stainless steel 
container (Type 3161.. Fluid lino Technology). Furthermore, 
when the NaChcontaining rhuMAb HER2 Formulation A was 
prepared by diluting its concentrated bulk with a formula( ion 
buffer that had been made in a stainless steel tank. the protein 
had a 26% increase in oxidation after 2 weeks at 40 T. No 
increase in oxidation was observad for the formulation buffer 
prepared in glass container. These results further reveal that 
the presence of NaCl in a formulaban and contact with stain-
less steel both contributed to the increase in rhuMAb 1-IER2 
oxidaban, probably through the generation of metal ions. 

To further ronfimi that the formaban of iron ions as a result 
of torrosion of stainless steel by the salt was the majar cause 
for the oxidaban of rhuMAb HER2 at high temperatures, a 
metal chelating agent (EDTA) was added to the sample vials 
filled by stainless steel filler prior to incubarían. After 
Incubaban at 90 T for 2 weeks, sarnples containing either 
0.02 or 0.05 mM EDTA did not show an Menease in methionine 
oxidaban, as compared with a 42% increase in the control 
sarnple without the chelacing agent. This result suggests that 
tlm formaban of ilion ions in the rhuMAb HER2 Formulaban 
A due to the contact with stainless steel was responsible for 
the oxidaban al the protein at high temperatures. 

The oxidation of methionine residues in peptides and 
prOteinti is aften initiated through the generaban oí reactive 
oxygen species,53  and the rate and amount of methionine 
sulfoxide formaban are affected by exogenous facial s sud' as 
metal lens." Although many axidative pathways are possible 
for methionine, the mechanisrn for the temperature-inauced 
oxidaban of methionine residues of rhuMAb HER2 in the 
NaCheantaining Formulaban A may involve metal-ion-
catalyzed free radical fortnation. The formulaban contained 
polysorbate 20, a nonlonic polyether surfactant that can 
undergo autooxidation upen storage tu farm alkyl hydroper-
oxides. These peroxide impurities can be further decomposed 
by the presence of heavy metal ions, such as iron forrned by 
the contad between stainless steel, and chloride ion at low 
pH to initiate alkoxyl free radical (RO.). This alkoxyl free 
radical can filen react with methionine residues of rhuMAb 
HER2 to form a positively chargecl methionine free radical 
that can further react with the hydroxide ion to generate 
hydroxyl methionine free radical in the propagation phase. 
The alkoxyl free radical can also react with molecular oxygen 
lo generale hydroxyl radical (H02 ). which can be terminaied 
by reacting with the hydroxyl methionine free radical to farm 
methionine sulfoxide, as shown in the follawing proposed 
mechanism: 

Initiation 	ROOM 4 Fe2ll  — RO' + Pes+  -1. OH-  (1) 

Propagaban 	RO I  H-  RI-S-01-13  — IV-511-CH3  -5 R0- 

RI-S;.-CH3  -V OH-  — R-S.(OH)-Chis  (2) 

RO.  -F 02  + H20 HO; ROOH 

Terminaban 	R-Sl(CE)-CH3 + H02' — 

R-S (0)-CH3  ± H2O2  (3) 



11able 2-Effect of Temperature on Stabllity of rhuMAb HER2 Liquid Formulations \o 

Temp (°C) Days Formulafion 
% Monomer 

(SEC) 
% Deamidation 

(IEC) 
% SpeoifieActivity 

(ECO Assay) 
%Specific Aotivily 

(Bioasay) 

5 A 100 
100 

9.4 
12.0 

104.6 ± 2.4 
94.8 ± 2.1 

94.9 ± 106 
113.0± 18.1 16 

30 14 A 99.4 8.6 98.0 ± 3.1 93.5±6.1  
99.4 8.3 107.7 ± 3.2 104.0 ± 4.5 

40 14 A 99.0 84 91.9 ± 3.9 96.8 ± 3.0 
99,6 6.7 98.5±0.1 97.5 ± 8.3 
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FigUre 3-Effecl ol light on oxidation of rhuMAb HER2 in various formul tions. 
Wrapped (black) and unwrapped (striped) samples were stored in a ligth box 
with light intensity of 20 000 lux for 2 weeks. The light box temperature was 27 
°C. After light exposure, samples were analyzed for methionine oxidation b HIC. 

The polysorbate 20 was necessary lo prevent agita ion-
induced aggregation of the pinten], so it could not be excluded 
so as to eliminate oxidation by the pathways described in 
eqs 1-3. Although temperature and enrulen:u in the form-
ulation could cause inethionine oxidation of rhuMAb HER2. 
they had no significant effect un aggregation, deamidation. 
and biological activity oí the protein (Table 2). In fact. 
rhuMAb HER2 in Formulation A, which conminad 52% 
oxidized Fc, still retained >90% of its binding activity and 
bioactiviry, as determined by the plate binding assay and 
bioassay. respectively. This result S probably due lo the fact 
that the potential oxidation sites are neither within the 
complementarity-detennining regiorts (CDRs) nor the Fc 
receptor binding sites of the antibody. The majar carmena 
about methionine oxidation in rhuMAb HER2 is relatad tu 
regulatory issue. To fulfill the FDA requirement for a stable 
formulation, one must demonstrate that the pharmaccutical 
product is not > 1 O% degraded and that the degradation 
products do not have any adverse effects on the safety and 
efficacy of the drug. 

Photostability Studies-Ta study an altemative oxidation 
pathway for rhuMAb HER2. the effect of light on methionine 
oxidation in rhuMAb HER2 was assessed in various formula-
tions. The results are shown in Figure 3. Alter 2 weeks of 
storage In the light box, the unwrapped vials of rhuMAb HER2 
in tommlations E, C, and D all had a slight increase in 
oxidized Fc (I 7-2 2%) as compared with -I 2% in their 
wrappcd control vials. However. the ~Duni of oxidation 
induced by light in Mese fonnulations was still much less than 
that observed in Formulation A (48% oxidized Fc in the 
unwrapped vials and 16.5% in the wrapped control vials). 
These results suggest that rhuMAb HER2 was susceptible t o 
photooxidatimi in ah l formulations tested, and thal the greater 
extent of methionine oxidation in Formulation A was probably 
due tú the combinad effects of light and the increase in 
temperature of the light box (27 'C). 

Photolytic oxidation of rhuMAb HER2 can occur vvhen the 
protein itself absorbs energy from the radiation source 
(fluorescence light in the light box). This absorbed energy can 
be dissipated in the forre of thermal energy. which produces 
an increase in temperatura for inducing methionine oxidation 
of rhuMAb HER2. This sequence may also be an explanation 
for the greater increase in methionine oxidation in Formula-
tion A than in Formulations B. C, and D alter light exposure. 
because Forrnulation A was shown lo be temperature sensitive 
(Figure I). Another mechanism for photolytic degradation of 
rhuMAb HER2 in these formulations may involve the forma-
don of singlet oxygen, which has shown ro be orle of the 
photooxidation pathways for methionine-containing com-
pounds.15  The formation of singlet oxygen was probably due 
lo the presence of polysorbate 20. a photosensitive agent, in 
the rhuMAb HER2 forrnulations. After rhe absorption of 
radiation energy from the light box, polysorbate muy dissipate 
its energy by reacting with molecular oxygen co generate 
singlet oxygen. This singlet oxygen can react with methionine 
ro forrn an intermediate that oxidizes a second methionine 
molecule to farm sulfoxide, as shown in the following equa-
rions: 

Polysorbate Polysorbate* 
	

(4) 

Polysorbale7  + 01  Polysorbate + 102 
	

(5) 

R-S-CH3  102 R-S(00)-CH3 	 (6) 

R-S(00)-C1-13  R-S-0-13  R-S (0)-CH, + R-S(0)-C113  

(7) 

The phuto-induced oxidation of rhuMAb HER2 was pre-
acritud by the presence oí methionine in the formulation. As 
shown in Figure 3, Formulation B (21 mgM-nL rhuMAb HER2 
in 5 mM sodium acetate, pH 5.0. 4% mannitol, 0.01% polysor-
bate 20, and 1% benzyl alcohol) contained 22% oxidized Fc 
after 2 weeks of light exposure as compared with 17% in 
Formulation C, which consisted of the excipients usad in 
Formulation 13 plus 14.5 mM methionine. Formulation D, 
which contained 0.01% benzethordum chloride as preservativa, 
photo-oxidized at a similar rete as Formulation C, which 
contained I% benzyl alcohol. Thus, the preservative did not 
affect the rate or extent of oxidation. These results suggest 
that the presence of a reducing agent such as methionine can 
act as an antioxidant lo reduce photooxidation of methionine 
in the proicin. In fan., methionine has been show:i tu be 
effective in reducing methioninesulfoxide formation in peroxide-
mediated oxidation of recombinant human ciliary neurotrophic 
factor and nerve growth factor:8  

In suminary. methionine oxidation was the major degrada-
clon pathway of rhuMAb I-IER2 caused by light. The oxidized 
rhuMAb HER2 (Iight-induceci) appeared lo retain ls 13111 
binding activity and bioactivity in the piafe binding assay and 
bioassay. respectively. Light had no significant effect on 
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Table 3-Effect of Light on Stabliity of rhuMAb HER2 Liguid Formulations 

Condition Days Formulation 
% Monomer 

(SEC) 

Dark 14 A 99.4 
100 
100 
100 

Light 14 A 98.6 
100 
100 

D 100 

NT = nal tested. 

% Deamidation 
	

% Specific Activity 	Specific Maya,/ 
(IEC) 
	

(ECD Assay) 	 (Bleasay) 

8.3 
	

118.0 6.8 
	

NT' 
9.4 
	

931 ± 9.5 
	

104.7 ± 4.5 
9.8 
	

88.7 ± 5.4 
	

106.4 ± 4.7 
9.6 
	

90.120.9 
	

111.7±5.8 
8.0 
	

113.7±5.2 
	

NT 
8 2 
	

950 ± 7.6 
	

93.2±6.3 
8.2 
	

100.6 ± 1.4 
	

98E24.6 
8.2 
	

98.6 ± 6.9 
	

95.0 ± 07 

50 

40 

ti 30 

o 
20 o o 

151  
10 

o 

Antioxidants 

Figure 4-Methods to preyent temperature-induced oxidaban of rhuMAb HER2 
in Formulaban A. Antioxidants were added lo the formulaban before flhing ¡rito 
sample vials for incubaban at 40 °C for 2 weeks. After Incubaban, sanies were 
assayed by HIC o assess methionine oxidaban. The arnaunt of oxidaban was 
comparad with a control sample conteining no antioxidant stored under the sume 
condifions. 

so 

so 

40 

30 

20 

10 

o 
5°C 	 Dark 	 14112 

Figure 5-Effect of anboxidents on light-indu ed oxidaban of rhuMAb HER2 
Formulation A. Antioxidants were added to the formulation before filbng into sample 
Wats. Sample containing no anlioxidant (black), 6.3 mM sodium thiosulfate (grey), 
and 3.5 mM methionine (striped) were stored wrapped (Dark) and unwrapped 
(Light) in a bght box with light intensity of 20 000 lux for 2 weeks. The bght box 
temperature was 27 °C. After light expasure, samples were assessed for 
methionine oxidaban of rhuMAb HER2 by HIC. Resulta were siso comparad with 
the control semples stored in the dark at 5 °C for 2 week. 

aggregate fuma aliar' and deamiciation a the protein as 
deterrnined by native SEO and IEC (Tabla 3). 

IYIechanisms for Prevention of Methionine Oxidation 
by Antioxidants-Although methianine oxidation did not 
affect the activity of rhuMAb 1-IER2, it may impact lis 
immunogenicity or shelf-life. Potential metheds to reduce 
temperature-induced methionine oxidation of rhuMAh FIER2 
were investigated to select inhibitors of oxidation and under-
stand the mechanism uf oxidaban. As shown in Figure 4, 
rhuMAb HER2 in Farmulation A cantaining added antioxi- 
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Figure 6-(A) Detennination of the minimum effecti level of methianine reguired 
lo prevent oxidation of rhuMAb HER . (B)D termi a ion of the minimum effective 
levet of sodium thiosullate reguired to pr vent o idafian of r uMAb HER2. 
Methionine or thiosulfate was added to the rh MAb HER2 Formulaban A at different 
proteigto-antioxidant molar ratios efore Sing. S mples were st red al 40 °C 
for 1 week (black), 2 weeks (shipe ), 3 we ks (g a ), and 4 wee s (white) and 
analyzed for oxidalion of rhuMAb HER2 by NIG at t e end of each torne penad. 

dants, such as inethionine, sodium thiosulfate, catalase, or 
platinurn, did not oxIdize after 2 weeks at 90 C. In cantrast, 
the control sample without antioxidant consisted of 52% 
oxidized Fc under the same storage conditions. Interestingly, 
removal of oxygen in the sample vials by repeated pulling 
vacuum and replacing with nitrogen was also effective in 
reciucing rhuMAb HER2 oxidation. These results support the 
propasad mechanism that temperature-induced methionine 
oxidation of rhuMAla HER2 in the NaChcontaining Formula-
don A occurred by free radical formation In the presence oí" 
molecular oxygen. Methionine and thiosulfate can either 
inhibit free radicaTinduced oxidation by terrninating the chain 
reaction or simply by competing with the methionine residues 
in rhuMAb HER2 for reactinn with the free hydroxyl radicals. 
The free radical scavengers, catalase and platinum, also 
prevented methionine oxidation in rhuMAb HER2. 
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Figure 7-Inter cfion of sodium thiosulfate with rhuMAb HER2 detected by cation-
exchange chromatagraphy (IEC). After storage in a light box for 2 weeks, a 
degradaban sp cies (peak a) was observad in gametos containing 6.3 mM 
thlosulfate (doted fine) as comparad with the samples containing 3.5 mM 
methionine (da hed lme) or no antioxidant (solid line) Peaks 1-5 are the five 
mejor isoforms f rhuMAb HER2 analyzed by IEC. 

The effect of antioxidants on light-induced methionine 
oxidaban in rhuMAb HER2 Formulatlon A was also studied 
(Figure 5). Unwrapped sample vials, containing either 6.3 
mM sodium thiosulfate or 3.5 mM methionine Moncentrations 
commonly used in parenteral pharmaceuticals), did not show 
an increase in uxidatIon when stored in a light box for 2 weeks. 
In contrast. oxidized Fc was increased to 48% for the un-
wrapped sample without antioxidants. These results suggest 
that methionine and sodium thiosulfate can be used for 
inhibiting photalytic oxidation in addition to temperature-
induced oxidaban of rhuMAb 1-IER2. These antioxidants may 
prevent photolytic oxidation of rhuMAb HER2 by competing 
with methionine residues on the protein tú react with molec-
ular oxygen or singlet oxygen. 

Different concentrations oí methionine and thiosulfate were 
added to the rhuMAb HER2 Formulaban Ato determine the 
minimum effective levet required to inhibit protein oxidaban. 
Methionine at a final concentration of 0.175 mM, equivalent 
to a protein-to-methionine molar ratio of 1:5, was the mini-
mum effective leve] for reduction oí rhuMAb I IER2 oxidaban 
causad by temperature (Figure 6a). Thiosulfate al a minimum 
concentraban of 0.8 mM, protein-to-thiosulfate molar ratio of 
1:25, was required tu inhibit rhuMAb 1-ER2 oxidation in 
Formulation A (Figure 66). Unlike methionine, thiosulfate 
reacted with rhuMAb HER2 as detectad by cation-exchange 
chromatography (Figure 7). At a 1:100 molar ratio of protein-
to-thiosulfate, an unknown degradation species (peak a) ;vas 
observed in the sample. This peak may be an adduct be-
tween rhuMAb HER2 and thiosulfate yielding a new charged 
species. This species was more acidic than the native rhuMAb 
HER2 and eluted before the main peak of the native pro-
tein (peak 3). These data demonstrate that methionine is 
the preferred antioxidant for preventing rhuMAb HER2 OXi-
daUuri. 

Conclusions-Based on these studies. we conclude that 
temperature and light induce methionine oxidaban of rhuMAb 
HER2. The rata of oxidation increases with temperature and  

\1P,  
is formulaban dependent. The corrosion of stainless steel by" 
sodium chloride present in rhuMAb HER2 liquid formulaban 
to generate iron ions was the maJor catalyst for the protein 
oxidation at high temperatures. Temperature-induced oxida-
don of rhuMAb HER2 may occur by the formation of free 
radicals, and photo-induced oxidation may occur via singlet 
oxygen pathway. Methionine oxidation of rhuMAb HF,R2 
either caused by temperature or light can be reduced by 
adding a stuichiornetric amount of methionine or thiosulfate 
(antioxidants) to the formulaban, but thiosulfate reacted with 
the protein. A protein-to-methionine molar rada of 1:5 can 
inhibit rhuMAb HER2 oxidation. 
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