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TRAMITE: SUSTENTACION DE OPOSICION

TITO NOE PARRA MURILLO, mayor de cdad, identificado como aparcce al pic de mi
firma, abogado cn ejercicio, titular de la tarjct.a profcsional numero T.P. 71.168 del C.S.J.
del Consejo Superior de la Judicatura, obrando cn calidad de apoderado dc la socicdad
LABORATORIO FRANCO-COLOMBIANO, LAFRANCOL S.A., dentro del tramile
de la referencia, cn ejercicio de lo dispuesto por el articulo 42 inciso 2° de la Decision 486
de 2000, por medio del pr.esente cserito, procedo a sustentar y complementar la oposicion

presentada el 27 de Septiembre de 2007, en los siguientes términos:
L RATIFICACION
Comedidamente me permito insistir en demostrar que Ja solicitud de la referencia incuinple

los requisitos de patentabilidad establecidos por los articulos 14, 16, 18 y 20 literal d) de

la Decision 486 de 2000, y que por cllo no merece recibir el bencficio patentario.

.
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II. COMPLEMENTO DE INFORMACION

En primer lugar es indispensable recordar que la Decision 486 de la Comunidad Andina de
Naciones en su aparte d) del articulo 20 del capitulo 1, acerca de los requisitos de
patentabilidad, menciona que “ro serdn patentables los métodos terapéuticos o quirirgicos
para el tratamiento humano o animal, asi como los métodos de diagnostico aplicados a los
seres humanos o a animales ", y si tenemos en cuenta que la solicitud en cuestion reivindica
también un método de tratamiento y/o para tratar el dafio en una articulacién en un sujeto
que comprende administrar un anticuerpo CD20 solo o en combinacién con otros fArmacos,
tal como lo' sefiala ¢n sus reivindicaciones 1 a 64, 67 a 100 y 104 a 112, queda claran‘lente
expucsta la improcedencia directa para otorgér el privilegio dc patente de invencion a csta

solicitud.

Pero si no fuera suficiente con que la solicitud reivindica algo que esta claramente
prohibido por la decision 4806, y en vista que la solicitud colombiana se refierc a una
combinacion de dicho anticuerpo CD20 con otros compucstos bioldgicamente activos,
especificamente en sus reivindicaciones 38 a SI, 92 a 94, 102 y 103; ¢s relevante
mencionar e! concepto de la Doctora en Bioquimica Silvia Susana Giarcovich' en su
opinion escnita a cerca de “Asociaciones y Patentes” en donde afirma que las asociaciones
farmacoldgicas estén restringidas por ciertos principios y lineamientos preestablecidos por
varias entidades relacionadas al campo de la salud, puesto que dichas combinaciones deben
estar bajo el precepto de eficacia, seguridad y eficiencia terapéutica que rigen a cualquier

medicamento, veamos:

¢3.3.2. Lineamientos FDA:

A continuacién se mencionaran lineamicentos que la agencia sanitaria de EEUU ha establecido para
¢l caso de los llamados “Combination Drug Products™:

3.3.2.1. CFR

El CFR establece la politica en relacion a las combinaciones de drogas a dosis fija para humanos en
21CFR300.50. AHi se establece que dos o mas drogas pueden ser combinadas ¢n una lnica unidad
posolégica cuando cada componente hace una contribucién al efecto propuesto y la dosis de cada
componente es lal que la combinacién cs segura y efectiva (se consideran casos especiales cuando
. sc busca aumentar la scguridad y cficacia del principal componente 0 minimizar su potencial
abuso). !

|

' Profesara Regular Adjunta del Departamento de Farmacologia de la Facultad de Fasmacia y Bioquimica de
la UBA v Directora Téenica ¥ Gerente de Estudios Clinicos de DIFFUCAP-EURAND SACIFI
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3.3.2.2. Guia “OTC Combination of Drug Products” [Docket
No. 78D-0322)%:

Esta guia cstablece en detalle la politica dc la agencia para combinar dos o mas ingredientes activos
OTC, seguros y eficaces y caracteriza diferentes tipos dc asociaciones de O'1'C:

. Ingredientes activos de difercntes categorias terapéuticas para (ratar
distintos sintomas simultincamente: Solo sc acepta esta asociacion si cada
ingredicnte esta prescnte dentro de su rango de seguridad y eficacia.

. Ingredientes activos de la misma categoria terapéutica que tienen distintos
mecanismos de accion para tratar los mismos sintomnas o condicién: Sélo se
acepta csta asociacion si es mejor o igual que cada ingrediente solo en su
dosis terapéutica y también pueden usarse a dosis subicrapéuticas si
corresponde.

. Ingredientes activos de la misma categoria terapéutica que ticnén el mismo
mecanismo de accion; Estos no deberian ser combinados a menos que haya
alguna ventaja con respecto a los ingredienics simples (mayor eficacia,
seguridad, aceptacion del paciente o calidad de la formulacion).

. Ingredientes considerados adyuvantes, que aumenten o alteren el efecto de
otro ingredicnte activo, scrén, considerados ingredientes activos.

3.3.2.3. Guin Draft “Current GMP for Combination Products™:

Este documento provee una guia para la industria y para ¢l stgff de la FDA acerca de la
aplicabilidad de la cGMP para las asociaciones (combination products) y define a un combination
product, de acuerdo al CFR (21CFR3.2(¢e), dc forma que no sélo involucra drogas sino devices:

Un producto combinado es un producto compuesto de cualquier combinacion de una droga y un
dispositivo; un producte biolégico y un dispositivo; una droga ¥ un producto bioldgico; o una
droga, dispositivo. ¥ un producto biologico. Bajo 21 CFR 3.2 (e). un producto de combinacion
incluye. 4

1. Un producto que comprende dos o mds componentes reguludos (ie., drogw/dispositivo.
biolagico/dispositivo,  droga/bioldgico, o droga/dispositivesbiologico) que son  combinados
Sisicamente, quimicamente, o de otra forma, o mezclados y producidos como ina entidad imica;

2. Dos o mas productos separados, empaquetados junios en un solo paquete, o como una wnidad
comprendiendo droga y productos del dispositivo, dispositive y productos bioldgicos, o hioldgico y
productos de droga; '

3. Una droga. dispositive, o producto bioldgico empagquetado separadamente que, de acuerdo a su
plan de investigacion o el etiguetado propuesto, es destinado para utilizarse unicamente con una
droga, dispositive, o producto biologico aprobada especificadu individualmente, dénde al mismo
tiempo ambos son deben esitar aceptados para la indicacion o efecto v donde, luego de la
aprobacion del producto propuesto, el etiquetado del producto aprobado necesitaria ser cambiado
(e.g., para reflejar un cambio en la indicacion, forma farmacéutica, dosis, rina de audministracion,
cambiov significativo en la posologia); 6

_? Anunciada en el Federal Register (1978), Vol. :43, No. 229.



4. Cualguier droga en investigacion, dispositivo, o producto  bioldgico  empagquetado
separadamente que, de acuerdy of etiquetado propuesto es para wiilizarse wnicamente con otra
droga en investigacion especificada, dispositivo, o producto bioldgico, dénde a la vez se requiere
que ambos sean aceplados para la misma indicacion, uso y efecto.

3

Ademds, dentro de esta guia es muy interesante ¢l concepto dc¢ “parte constitutiva de un
combination product” porque especifica su identidad regulatoria como droga, device o producto
bioldgico.

3.3.2.4, Guia Draft “Combination Products Timecliness of
Premarket Reviews™:
Esta guia provee informacién a un postulante a reclamar la resolucion de una disputa acerca de la
duraci6n de la revision de una postulacién referida a un producto combinado. Es una guia referida
simplemente a un problema administrativo que demuestra cuin regulado se halla ¢ste ambito que
tiene una oficina destinada, la Oftfice of Combination Products.

3.3.3. Lineamicntos EMEA: Guia “Fixed Combination Medicinal Products™:
Esta guia propone evaluar las potenciales ventajas de la asociacion en cuanto a mejoramicnto de la
relacion riesgo/benceficio y a simplificacion de la terapia. Asimismo, cstablece criterios a respetar y
requisitos a cumplimentar, tanto generales como particulares. Dentro de¢ los particularcs hace
especial referencia a:

e . Laindicacion.
Los estudios farmacodinimicos y farmacocinéticos.
. Eficacia y Scguridad: En este caso diferencia dos escenarios concretos:

a) Cuando la combinacién fija corresponde exactumente a combinaciones que estdn va en uso
difundido, un andlisis de los datos bibliogrdficos bien findamentados deberia ser
presentado, Con tal que los datos estén bien documentados, este andlisis puede ser 1itil en
reducir la cantidad de ensavos clinicos a ser realizada y podria facilitar la seleccion de
dusis para cada sustuncia y el rango de dosis propuesto en la combinacion fija.

b) Cuunde la combinacion fija es esencialmente nueva (las substancias activas no son
usualmente combinadas, la composicion cuantitativa es inusual entre substuncias
usualmente combinadas o una sustancia enteramente nueva), los datos necesitados son
similares a los de una nueva entidad quimica en la situacion donde la combinacion fija
serd propuesta (primero linea o segunda de la linea de terapia). La existencia de
experiencia con las substancius deberia ser tenida en cuenta.

y especifica Régimen de dosis y Composicion, Ensayos Terapéuticos y Aspectos de Seguridad.

. Paquetes  combinados de diferentes  productos  medicinales  para
administracién simultanea o secuencial.

Conclusion:
Las diferentes agencias sanitariag a nivel internacional han repulado fuertemente el registro

de_asociaciones de forma de garantizar la seguridad y eficacia_de las mismas vy la _buena

calidad en su elahoracian. Tod udio, investigacion o andlisis derivados de estos reguisitos

representan procedimientos de rutina v no originales ideas llevadas a la priactica.”




En otras palabras, y complementando lo anterior, se puede afirmar que el efccto sinérgico
quc presenta una combinacidn farmacologica, no se puede considerar una invencion como
tal, dado que la dosificacion no cs un producto o un proceso, €s obvio para una persona
medianamente versada en farmacologia que conozea los mecanismos de accion de los
fairmacos implicados y dicho cfecto sinér.gico puede considerarse un reporlte de un
descubrimiento mas que un invento dado que dicha sinergia ocurre en ¢l cuerpo y se revela
a través dc los respectivos ensayos preclinicos y clinicos a los que todo farmaco (o

combinacion de farmacos) debe sometcrse.

En el mismo sentido, cxisten publicaciones de cardcter cientifico que con anterioridad
revelan la combinacion cntre Rituximab y Metrotexate, que son los farmacos preferidos
para la combinacion refenida cn el capitulo reivindicatorio de la solicitud colombiana ¢cn

trimitc, veamos:

Improvement Of Refractory Rheumatoid Arthritis After Depletion Of B Cells®,
Abstract. .

OBJECTIVE: B cells are involved in the pathogenesis of rheumatoid arthritis (RA). To
evaluate the effect of therapeutic B-cell depletion for treatment of RA, an open label study
has been performed using the B-cell depleting anti-CD20 antibody rituximab. METHODS:
Five patients with refractory RA were treated weekly with fowr infusions of rituximab (375
mg/m2) alone. or in combination with ongoing methotrexate (MTX). Patients were followed
Jor at least 44 weeks and monitored for safety and tolerability of treatment. RESULTS:
- Treatment could be performed without serious side effects and resulted in peripheral B-cell
depletion lasting between 36 weeks up to > | year. The follow-up revealed no significant
treatment-associated side effects. At 22 weeks, 4/5 patients showed a significant
improvement (> 1.2) of the Disease Activity Score (DAS28). The mean DAS28 of dil
patients declined from 6.2 to 4.1. At 44 weeks there was one drop-out, another patient still
had u sustained response, and three patients showed slowly increasing disease uctivity
(mean DAS28 of the remaining four patients: Week 0: 6.0; Week 22: 3.85, Week 44: 5.6).
Despite relatively constant immunoglobulin levels, rheumatoid factor levels decreased
parallel to disease activity, CONCLUSION: In patients with refractory RA, B-cell depletion
with rituximab is safe and well tolerated A reduction of disease activity could be observed,
which eventually deteriorated afier B-cell repopulation. The findings give more evidence
for B-cell targeted therapies in RA.

Phase I Study Shows Rituxan(R) Significantly Improv'es S)"mpt(;ms In Paticnts With
Rheumatoid Arthritis Who Inadequately Responded To Anti-TNF Therapies; Third
Randomized Trial To Evaluate Efficacy And Safety Of Rituxan In RAY,
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A preliminary analysis of the data did not reveal any unexpected safety signals. The most
common side effects in the Rituxan arm included headache, upper respiratory tract
infection upper respiratory tract infection URI Infectious dixease A nonspecific term used
to describe acute infections involving the nose, paranasal sinuses, pharynx, and larynx, the
prototypic URI is the common cold: flw/influenza is a systemic illness involving the URT
and nasopharyngitis. The reported rate of serious adverse events was comparable across
the two treatment arms.

"These results continue lo support the potential of Rituxan as a new therapeutic option for
RA," said Burt Adelman, M.D., executive vice president, development, Biogen ldec. "We
look forward to sharing the REFLEX data in our discussions with the FDA. "

"These are the first Phase I Rituxan data to demonstrate clinical improvement in this
difficuit-to-treat RA patient population: The findings add to the growing body of evidence
thal selectively targeling B cells may provide an important new treatment approach for this
debilitating disease,” said Hal Barron, M.D., Genentech's senior vice president,
development and chief medical officer. "While we are encouraged that the preliminary
safety results are similar to previous studies, we recugnue the zmporlam‘e of mommrmg
lang-term sufety in R4 patients treared with Rituxan.”

These new Phuse 11l data follow recent positive preliminary Sfindings from a Phase [1b study:
that evaluated the efficacy and safety of Rituxan in moderate-to-severe RA patients who
Jailed prior treatment with at least one disease-modifying anti-rheumatic drug (DMARD
Disease Modifving Anti-Rheumatic Drugs (DMARDs)

A class of antirheumatic drugs, including chloroquine, methotrexate, cyclosporine, and
gold compounds, that influence the disease process itself and do not only treat its
Svmpltoms.

About the Study

A_total of 520 patients from the United States, Canada and Furope were randomized to
receive either Rituxan (1000 mg iv. on days one and 15) or placebo in this mudti-center,
double-blind _placebo-controlled study. All patients received u stable dose of MTX and a
rwo-week course of corticosteroids,

ACR 20 indicates a20 percent improvement in the number of swollen and tender Jjoints, as
well as a 20 percent improvement compared with baseline in three of five disease-activity
measures: patient assessinent, physician assessment, pain scale, Health Assessment
Questionnaire and the value for ome acute phase reactant Acute phase reactant
(erythrocyte sedimentation rate Erythrocyie Sedimentation Rate or C-reactive proitein).

Efficacy Of Sclective B Cell Blockade In The Treatment Of Rheumatoid Arthritis:
Evidence For A Pathogenetic Role Of B Cells”,
Abstract
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OBJECTIVE: The pathogenetic role of B cells in rheumatoid arthritis (RA) is under debate,
but it is currently believed to be marginal. The availability of selective anti-B cell treatment
provides a unique opportunity to clarify this issue. This study was undertaken to investigate
the effects of B cell blockade in the treatment of refractory RA. and to evaluate the
implications with regard to the role of B cells in the disease. METHQDS: Five female
patients with active, evolving erosive RA were treated with _rituximab,_an_anti-CD20
chimeric monoclonal antibody. All 3 patients had been nonresponders ro combination
therapy with methotrexate pluy cvclosporin A. Two of the 5 had also failed to respond to
anti-tumor necrosis factor alpha therapy. All of these treaiments were discontinued 1
month before institution of anti-CD20 therapy. RESULTS: Marked clinical improvement
was observed in 2 patienis (American College of Rheumatology 70% response [ACR70]
and ACR30, respectively), starting at the end of the second month after institution of anii-
CD20 therapy (month 2) and lasting until month 10 in 1 patient (articular relapse) and
month 12 in the other (last followup). ACR20 response was observed in 2 additional
patients, lasting until month 5 and month 7, respectively (articular relapse in both).
Decrease or normalization of serum C-reactive protein and rheumatoid factor levels were
vbserved in these patiems. In contrast, patient 3 had no response to the treatment. RA
synovitis and evolving erosive damage were decreased in patients exhibiting a major
response, as demonstrated by imaging studies. CONCLUSION: Qur finding of the clinical
of selective B cell blockade indicutes that B cells play a critical role in rheumatoid
synovitis, at least in a subset of patients. Qualitative or quantitative differences in B cell
commilment in RA pathobiology might have a function in the different responses observed,

De la misma mancra y respaldando el argumento anterior, existen muchas otras
anterioridades en donde se reveln la combinacién de anticuerpos CD20 junto con
metotrexate ¢n el tratamicnto de diversos tipos dc trastornos inmunolégicos e

inflamatorios relacionados, en donde sc in¢luye la artritis reumatoiden®.

De csta manera queda demostrado que la solicitud Colombiana en trdmite carece de todos
los requisitos para otorgarscle el privilegio de invencion, dado que principalmente
transgrede lo permitido por la Decision 486 de 2000 al reivindicar un método de
tratamiento ¥ en donde ademds dicho método se encucntra lo suficientcmente descrito con
anterioridad en el estado de la técnica como para afirmar que carcce absolutamente de
novedad y de nivel inventivo. '

Por todo lo anterior, ruego se analicen los argumentos expucstos con el rigor ¥
detenimiento habituales y que cn consecuencia se decrete, ademas de la ncgacion de la

solicitud en comento, el archivo del expediente que la contienc.

¢ publicacién internacional WQ/2002/22212 del 21 de marzo de n2002, publicacitén intcrmacional
WO/2005/060999 del 07 de julio de 2005, patento amcnmna US 20047202658 del 14 de octubre de 2004,
publicacion internacional WO/ZO000/67796 del 16 de nov:cmbre de 2000 v publicacion internacional
WO2004:056312 de 08 de julio de 2004,



L, ANEXOS.

< Copia de todos los documentos citados en el acdpite de Complemento de
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Improvement of refractory theumatoid arthritis after depletion of
B cells.

Kneitz G, Wilha'm M, Tony HP.
Mediziniseha Poliklink der Universitit Wurzburg, Germany. ¢ kneitz@madixn uni-wuerzburg de

Alsstract

OBJECTIVE: B cells ara imalved in the pathogenesis of rheumataid arthritis {RA). To evaluate the effect of therapeutic
B-call dapletion for treatrant of RA, an open label study has been parformed using the B-cell depleting anti-CD20
antibady rituximab. METHODS' Five patients wilh refractory RA were treated weskly with four infusions of ntiximab {375
mgrm?2) alone, of in combination with ongoing methatrexate [MTX) Patients were follewed for al least 44 weshs and
menitored for sataty and tolerabilly of keatment RESULTS: Treatment coud ba performed without serious side effects
and resultad in penpheral B-call depletion fasting between 38 weeks up ko = 1 year. The follow-up révealsd no significant
treatment-associated side effects, At 22 weeks, 4/5 palionts showed a significznt mprovement (> 1.2} of the Diseass
Actwity Score (DASES). The mean DAS28 of all patignts declined from .2 1o 4.1, At 44 waeks there was ong drap-oul,
anathar patient still had & sustained response, and hres patients showed slowly increasing disease activity {mean DAE2E
of the remaining four patiants: Wesk 0: 6.0; Week 22: 5.05; Wesk 44: § §), Decpita relatively constant immunogobulin
levels, rheumatoid Factor levels dacraased parallel to disease actvity, COMCLUSION: In patients with refraciory RA, B-cel
depletion with ritudmab s safe ard well tolerated. 4 reduciion of disease activity couwd be obsaned, which eventually
daterorated after B-cell repopulation. The findings give mere avidence fur B-cell targeted therapias in RA
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SOUTH SAN FRANCISCO, Calf | CAMBRIDGE, Mass. and

BASEL, Bwitzerdand, Aprl B8 FPRNewawirs-FirstCalll —
Genentech, Inc. , Biogen ldec and Roche [SWX Zurich)

announced today that a Phase L1 clinizal study of Rituxan(R)
{Ritrdmab) met its primary endpeint of a greater proportion of
Rituxan-treated patients achisving an American Callege of
Rheumatology (ACR) 20 response at week 24, compared bo
placabo, The study incuded patients with active rheumatoid
arthritis (R&) who have had an inadequate response of wereg

irtolerart to prior treatmert with org or more anti-ThF

therapies.

Imthes study, koown as REFLEX {Randomized Evaluation of
Long-terrn Efficacy of Ritlidmab in RA), patients who received
a single treatment course of twa infusions of Rituxan with a
stable dose of methotrexate (MTX) displayed a statistically
significart provemert in syrptoms compared to patients
wha received placeba and MTX. Further analyses of the data

are onrgoing and will be submitted for presertation at an

upcoming medical meeting.
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executive vice president, development, Biogen ides. "We look
forward to sharing the REFLEX data in our discussions with
the FOA." _

St T Jal 2 .
*These are the first Phase 11l Riflxan data to demanstrate A i
clinical irproverant in this difficult-to-treat RA patiert
population, The findings add to the growing body of evidence
that selectively targeting 8 cells may provide an important naw
treatment approach for this debilitating disease,” said Hal
Barron, M.D., Gerentach's setior vics president, development
and chisf medicat officer. "Wwhile we are encouraged that the
preliminary safely resulis are simiar to previcus studies, we
recognize the importance of moritering leng-term safety in RA
patients treated with Rituan.”

These new Phase Il data follow recent positive praliminary
findings. from a Phase ||b study that evaluated the efficacy and
safety of Rituxan in moderate-to-savare RA patients who falled
prior treatment with at Isast one disease-modifying
anti-rheurnatic drug (DMARD).

About the Study

A total of 520 patients from the United States, Canada ard
Europe were randomized to recelve either Rituxan (1000 mg
i.v. an days one and 15} or placebo in this multi-center, double-
blind, placebo-cortrolled study. All patients received a stable
dose of MTX and a two-week course of corticosteroids.

ACR 20 indicates a 20 percent improvemeant in the number of
swallen and tender joirts, as well as a 20 percent improvement
compared with baseline inthree of five diseage-activity
measures: patignt assessment, physician assessment, pain
sgale, Hzalth Assessment Questionnaire ard the valug for one
acule phase reactant {erythrocyte sedimentation rate or
Crreactive pratain.

Abott BA

R4 is a debilitating autgimmure disease thel affects more than
twe milicn Americans(1) and hinders the daily actmlies of
sufferers. RA occurs when the immune system inapproprately
attacks joirt tissue, causing chronic inflammation and
imeversible destruction of cartlage, tendons and bones, often
resiating in dissbility. VWhile RA has traditionally bean
corsidered a T-gall-madiated disease. emerging research
suggests that other immume cell: callzd B cells may play
muitteple roles in the pathophysiology of RA including
autoantibody production, T-cell acteation and cytokine
production, Gormrmon RA symptorns include inflammation of the
joints, swelling, fatigue, stiffress and pain. Additionally, since
RA is a systamic disease, it can have efiects in other tissues
such 28 the lungs, eyes and bone marmow,

About Rituxan

Rituxan is 2 therapeutic antibody that targets and selectively
depletes peripheral CO20 positive B cells without targeting
stem cells or existing ptasma cells. B cells may play multiple
roles in the pathophysiology of RA. Rituxan is also heing
imvectigated in other autoimmune diseases indluding lupus,
medtiple scierosks and AMCA associated vasculifis.

JdeR 28506720110 0504 o
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Rituxan recefved initial FDA approva! in November 1997 for the
treatment of relapsed or refractory low-grade or follicular,
CD20 positive, B cell non- Hodgkin's tymphoma (NHL). It qjso
was approved in the European Union (EU) under the trade -
name MabThera(R) in June 1998. Genentech and Biogen dec
co- market Rituxan in the United States and Roche markets
MabThera in the rest of the world, except Japan, where
Rituxan is co-marketed with Zenyaku Kogyo Co. Ltd. Ritwan
has been used to treat more than 380,000 patients worldwide.
For a copy of the Rituxan full prescribing information, including
Boxed Warning, please call 1-800-821-8590 or visit
http://www.gene.com/ .

Rituxan Safety Profile in NHL

In NHL patients, the majority of patients experience infusion-
related symptoms with their first Rituxan infusion. These
symptoms include but are not limited to: fiu-like tever,
chills/rigors, nausea, urticaria, headache, bronchospasm,
angioedema and hypotension. These symptoms vary in
severity and generally are reversible with medical intervention.
In rare instances, severe and fatal infusion-retated reactions
have occurred, nearly all of which have been associated with
the first Rituxan infusion, These events appear as
manifestations of an infusion-related complex and include
hypoxia, puimonary infittrates, acute respiratory distress
syndrome, myocardial infarction, ventricular fibrillation,
cardiogenic shock and tumor lysis syndrome. Patients who
develop clinically significant infusion-related cardiopulmonary
events should have their Rituxan infusion discontinued and
receive medical treatment,

In rare instances, severe mucocutaneous skin reactions have
occurred that may be associated with Rituxan therapy. Many
of these reactions have been described as parancoplastic
pemphigus and are known 1o be associated with various B cell
lymphomas, particdarty NHL and chronic lymphocytic leukemia.
Patients who develop a severe mucocutaneous skin reaction
should have Rituxan discontinued and receive appropriate
medical treatment, including a skin biopsy to guide therapy.

About Genentech

Genertech is a leading biotechnology company that discovers,
develops, manufactures and commercializes biotherapeutics
for significant Lnmet medical needs. A considerable number of
the currently approved biotechnology products originated from
or are based on Genentech science. Genentech manufactures
and commercializes muitiple biotechnology products directly in
the United States and licenses several additional products to
other companies. The company has headguarters in South San
Francisco, California and is traded on the New York Stock
Exchange under the symbol DNA. For additional information
about the company, please visit hitp://www .gene.com/ .

About Biogen |dec

Biogen idec creates new standards of care in oncology and
immunology. As a global leader in the development,
manufacturing and commercialization of novel therapies,
Biogen ldec transforms scientific discoveries into advances in

4de8 29/06/2010 05:04 p.n
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human heatthcare. For product labeling. press releases and
additional information about the company, please wvisit

http://www .biogenidec.com/.
* Apott Roche - N

Headquartered in Basel, Switzerland, Roche is one of the
world's leading research-focused heatthcare groups in the
fields of pharmaceLticals and diagnostics. As a supplier of
innovative products and services for the early detection,
prevention, diagnosis and treatmert of disease, the Group
contributes on a broad range of fronts to improving people's
health and quality of life. Roche is a world leader in
diagnostics, the leading supplier of medicines for cancer and
transplantation and a market leader in virology. In 2004 sales
by the Pharmaceuticals Division totaled 21.7 billion Swiss
francs, while the Diagnostics Division posted sales of 7.8 billion
Swiss francs. Roche employs roughly 85,000 people in 150
countries and has R&D agreements and strategic alliances
with numerous partners, including majority ownership interests
in Genentech and Chugai.

(1) American College of Rheumatology, 2005,
http:/fwww.rheumatology.org/public/factsheets
Ira.asp?aud=pat

Genantech Contacts:

Media: Megan Pace €50-467-7334
Investor: Kathee Littrell 650-225-1034

Biogen Idec Contacts:

Media: amy Ryan 617-914-6524
Investor: BElizabeth Woo 617-679-2812

Roche Contact:

Media: Jennifer Wilson +41 61 &B 8%9€32

CONTACT: media. Megan Pace, +1-650-467-7334, or
investors, Kathee Littrell, +1-650-225-1034, both of
Genentech. Inc.; or media, Amy Ryan, +1-617-814-6524, or
investors, Elizabeth Woo, +1-617-679-2812, both of Biogen
Idec: or media, Jennifer Wilson of Roche, +41 61 68 89632

Web site: http://www biogenidec.com/

Web site: http:/iwww.gene.conv
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Efficacy of selective B cell blockade in the treatment of
rheumatoid arthritis: evidence for a pathogenetic role of B cells.

De Vita S, Zaja F, Sacco S, De Candia A, Fanin R, Fesraccioli G.
University of Udine, Udine, ltaly. gf ferraccioli@med.uniud.it

Abstraci

OBJECTIVE: The pathogenetic rola of B cells in rheumatoid arthritis (RA) is under debats, but it is currently betieved to be
marginal, The availability of salective anti-B cell treatment provides a umque opportunity to clarify this issue. This study
was undertaken to investigate the effecis of B cefl blockade in the treatment of refractory RA, and to evaluate the
implications with regard to the role of B cells in the disease. METHODS: Five female patients with aclive, evolving erosive
RA were treated with rituximab, an anti-CD20 chimeric monoclonal antibody. All 5 patients had been nonresponders to
combination therapy with methotrexate plus cyclosporin A. Two of the 5 had aiso failed to respond to anti-tumor necrosis
factor aipha therapy. Al of these treatments were discontinued 1 month before institution of anti-CD20 therapy. RESULTS:
Marked clinical improvement was observed in 2 patients (American College of Rheumnalology 70% response [ACR70] and
ACRS59, respectively), starting at the end of the second month after institution of anti-CD20 therapy (month 2) and lasting
untit month 10 in 1 patient (articular relapse) and month 12 in the other (last followup). ACR20 response was observed in 2
additional patients, lasting until morth 5 and month 7, respectively (articular relapse in both). Decrease or normalization of
serum C-reactive protein and rheumatoid factor levels were obsened in these patients. In contrast, patient 3 had ro
response to the treatmeni. RA synovitis and evolving erosive damage were decreased in patients exhibiting a major
response, as demonstrated by imaging studies. CONCLUSION: Our finding of the clinical efficacy of selective & cell
blockade indicates that B celis play a critical role in rheumnatoid synovitis, at keast in a subset of patients. Qualitative or
quantitative differences in B cell commitment in RA pathobiology might have 3 function in the different responses observed.

PMID: 12209504 [PubMed - indexed for MEDLINE] Free Article
Publication Types, MeSH Terms, Substances
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label or package insert indicates that the c:)ml;osition is used for treatiné a patient
having or predisposed to an autoimmune disease, such as those listed hereinabove.
The article of manufacture may further comprise a second container comprising a
pharmaceutically acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer’s solution and dextrose solution. It may further
include other materials desirable from a commercial and user standpoint, including
other buffers, diluents, filters, needles, and syringes.

Further details of the invention are iltustrated by the following non-limiting
Examples. The disclosures of all citations in the specification are expressly
incorporated herein by reference.

Example 1

Patients with clinical diagnosis of theurnatoid arthritis (RA) are initially
treated with rituximab (RITUXAN®) antibody. This patient may or may not also have
a B cell depleting antibody, i.e., malignancy. Moreover, the patient is optionally
further treated with any one or more agents employed for treating RA such as
salicylate; nonsteroidal anti-inflammatory drugs such as indomethacin,
phenylbutazone, phenylacetic acid derivatives (e.g. ibuprofen and fenoprofen),
naphthalene acetic acids (naproxen), pyrrolealkanoic acid (tometin), indoleacetic
acids (sulindac), halogenated anthranilic acid (meclofenamate sodium), piroxicam,
zomepirac and diflunisal; antimalarials such as chloroquine; gold salts;
penicillamine; or immunosuppressive agents such as methotrexate or corticosteroids
in dosages known for such drugs or reduced dosages. Preferably however, the patient
is only treated with RITUXAN®. '

RITUXAN® is administered intravenously (IV) to the RA paticnt according to
any of the following dosing schedules:

(A) 50Mg/M2 1V day!

150 mg/m2 IV on days 8, 15 & 22
B) 150Mg/M21V dayl

375 mg/m2 IV on days 8, 15 &22
(C) 375Mg/M21V days1,8,15&22
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The patient is treated thereafter with a humanized anti-CD40L antibody .
disclosed in U.S. Patent No. 6,001,358 administered intravenously according to the
same dosage regimen.

The primary response is determined by the Paulus index (Paulus ef al. Athritis
Rheum. 33:477-484 (1990)), i.e. improvement in morning stiffness, number of painful
and inflamed joints, erythrocyte sedimentation (ESR), and at least a 2-point
improvement on a 5-point scale of disease severity assessed by patient and by
physician. Administration of RITUXAN® and the anti-CD40L antibody will
alleviate one or more of the symptoms of RA in the patient treated as described above.

Example 2

Patients diagnosed with autoimmune hemolytic anemia (ATHA), e.g.,
cryoglobinemia or Coombs positive anemia, are treated with RITUXAN® antibody.
ATHA is an acquired hemolytic anemia due to auto-antibodies that react with the
patient’s red blood cells. The patient treated optionally may also have a B cell
malignancy. The patient is initially treated with a composition containing a
humanized anti-human CD40L antibody, administered as a dosage of 500 mg/m2
giveﬁ IV. This dosage is given twice a weck for a total of four (4) weeks.

RITUXANG® is thereafier administered intravenousty (IV) to the patient
accdrding to any of the following dosing schedules:

(A) 50Mg/M2 1V day 1

150mg/m2 IV on days 8,15 & 22
®B) 150Mg/M21Vday!l

375mg/m2 IV on days 8,15 & 22
(¢) 375mg/m2IVdaysl,8,15&22

Further adjunct therapies (such as glucocorticoids, prednisone, azathioprine,
cyclophosphamide, vinca-laden platelets or Danazol) may be combined with the anti-
CDA40L antibody and RITUXAN® therapy. Preferably, the paticnt is freated with
RITUXAN® and the same anti-CD40L antibody as in the previous example as the
only other agent throughout the course of therapy.

Overall response rate is determinod based upon an improvement in biood
counts, decreased requircment for transfusions, improved hemoglobin levels and/or a

decrease in the evidence of hemolysis as determined by standard chemical parameters.

Ll
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~What is claimed is:
1. A method of treating an autoimmune disease in a mammal comprising

administering to the mammal the combination of a therapeutically cffective amount of
a immunoregulatory antibody selected from an anti-CD40L, anti-B7.1 (CD80), anti-
B7.2(CD86), CD40 antibody and anti-CD4 antibody and a therapeutically effective
amount of an antibody having B cell depleting activity, wherein said
immunoregulatory antibody and said B cell depleting antibody may be administered
separately or in combination, and in any order.

2. The method of claim 1 wherein the B cell depleting antibody is
selected from one that binds an antigen selected from the group consisting of CD10,
CD19, CD20, CD21, CD22, CD23, CD24, CD37, CD53, CD72, CD73, CD74,
CDw?75, CDw76, CD77, CDwW78, CD79a, CD79b, CD80 (B7.1), CD81, CD82, CD83,
CDw84, CDg5 and CD86 (B7.2).

3. The method of claim 1 wherein the immunoregulatory antibody is an
anti-CD40L antibody or anti-B7 antibody.

4, The method of claim 3 wherein the combination comprises an antibody
that binds CD40L and an antibody that binds CD20, CD22, CD19, CD23 or CD37.

5. The method of claim 3 wherein the combination comprises an antibody
that binds B7.1 or B7.2 and an antibody that binds CD19, CD20, CD22, CD23, or
CD37.

6. The method of claim 1 wherein the immunoregulatory antibody is
administered before the B cell depleting antibody.

7. The mcthod of claim 1 wherein the B cell depleting antibody is
administered prior to the immunoregulatory antibody.

8. The method of claim 1 wherein the B cell depleting antibody and the
immunoregulatory antibody are administered in combination.

9. The method of claim | wherein the autoimmune disease is selected
from the group consisting of psoriasis; dermatitis; systemic scleroderma and sclerosis;
responses associated with inflammatory bowel disease; Crohn’s disease; ulcerative
colitis; respiratory distress syndrome; adult respiratory distress éyndrome (ARDS),
dermatitis; meningitis; encepbalitis; uveitis; colitis; glonierulonephritis; allergic

conditions; cozema; asthma; conditions involving infiltration of T cells and chronic
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inflammatory responses; atherosclerosis; leukocyte adhesion deficiency; rheumatoid
arthritis; systemic lupus erythematosus (SLE); diabetes mellitus; multiple sclerosis;
Reynaud’s syndrome; autoimmune thyroiditis; allergic encephalomyelitis; Sjorgen’s
syndrome; juvenile onset diabetes; immune responses associated with acute and
delayed hypersensitivity mediated by cytokines and T-lymphocytes; tuberculosis;
sarcoidosis; polymyositis; granulomatosis; vasculitis; pemicious anemia (Addison’s
disease); diseases involving leukocyte diapedesis; central nervous system (CNS)
inflammatory disorder; multiple organ injury syndrome; hemolytic anemisa;
myasthenia gravis; antigen-antibody complex mediated diseases; anti-glomerular
basement membrane disease; antiphospholipid syndrome; allergic neuritis; Graves’
disease; Lambert-Eaton myasthenic syndrome; pemphigoid bullous; pemphigus;
autoimmune polyendocrinopathies; Reiter’s disease; stiff-man syndrome; Behcet
discase; giant cell arteritis; immune complex nephritis; IgA nephropathy; IgM
polyneuropathies; idiopathic thrombocytopenic purpura (ITP) and autoimmune
thrombocytopenia, and oophoritis.

10.  The method of claim 1 wherein the mammal is human.

11.  The method of claim 3 wherein ncither antibody is not conjugated with
a cytotoxic agent.

12.  The method of claim 4 wherein the antibody combination comprises a
humanized or human anti-human CD40L or B7.1 antibody and a chimeric, humanized
or human anti-CD20 antibody.

13.  The method of claim 1 wherein the B ccll depleting antibody is
conjugated with a cytotoxic agent.

14.  The method of claim 12 wherein the cytotoxic agentis a radionuclide.

15.  The method of claim 14 wherein the antibody comprises Y2BS8 or
1311-B1 (BEXXAR™).

16.  The method of claim 1 wherein the antibodies are administered
intravenously.

17.  The method of claim 1 wherein the antibodies are administered by
infusion.

18.  The method of claim 3 comprising administering a dose of

substantially less than 375mg/m’ of the antibody to the mammal.
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19.  The method of claim 18 wherein the dose is in the range from about
20mg/m’ to about 250mg/m?>.

20.  The method of claim 19 wherein the dose is in the range from about
50mg/m? to about 200mg/m’.

21.  The method of claim 1 comprising administering an initial dose of the
antibody followed by a subsequent dose, wherein the mg/m2 dose of the antibody in
the subsequent dose exceeds the mg/m’ dosc of the antibody in the initial dose. '

22.  The method of claim 6 wherein the autoimmune disease is itnmune
thrombocytopenic purpura (ITP).

23.  The method of claim 6 wherein the autoimmune disease is rheumatoid

24.  The method of claim 6 wherein the autoimmune disease is hemolytic

.anemia.

25.  The method of claim 21 wherein the hemolytic anemia is
cryoglobinemia or Coombs positive anemia.

26.  The method of claim 6 wherein the autoimmune disease is vasculitis.

27.  The method of claim 1 which consists essentially of administering an
anti-B7.1 antibody and a B cell depleting anti-CD20 antibody.

28.  An article of manufacture comprising a container and one or several
compositions contained therein, wherein at least one composition comprises a B cell
depleting antibody, and at least another composition comprises an anti-CD40L or
anti-B7.1 or anti-B7.2 antibody and further comprising a package insert instructing
the user of the composition to treat a patient having or predisposed to ‘an autpimmune
disease.

29.  The article of manufacture of claim 25 wherein the autoimmune
disease is selected from the group consisting of psoriasis; dermatitis; systemic
scleroderma and sclerosis; responses associated with inflammatory bowel disease;
Crohn’s disease; ulcerative colitis; respiratory distress syndrome; adult respiratory
distress syndrome (ARDS); dermatitis; meningitis; encephalitis; uveitis; colitis;
glomerulonephritis; allergic conditions; eczema; asthma; conditions involving
infiltration of T cells and chronic inflammatory responses; atherosclerosis;
jeukocyte adhesion deficiency; rheumatoid arthritis; systemic lupus erythematosus
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(SLE); disbetes mellitus; multiple sclerosis; Reynaud;s syndrome; autoimmune
thyroiditis; allergic encephalomyelitis; Sjorgen’s syndrome; juvenile onset
diabetes; immune responses associated with acute and delayed hypersensitivity
mediated by cytokines and T-lymphocytes; tuberculosis; sarcoidosis;
polymyositis; granulomatosis; vasculitis; pernicious anemia (Addison’s diseasc);
diseases involving leukocyte diapedesis; central nervous system (CNS)
inflammatory disorder; multiple organ injury syndrome; hemolytic anemia;
myasthenia gravis; antigen-antibody complex mediated discases; anti-glomerular
baserment membrane disease; antiphospholipid syndrome; allergic neuritis;
Graves® disease; Lambert-Eaton myasthenic syndrome; pemphigoid bullous;
pemphigus; autoimmune polyendocrinopathies; Reiter’s disease; stiff-man

" syndrome; Behcet disease; giant cell arteritis; imumune complex nephritis; 1gA
nephropathy; IgM polyneuropathies; idiopathic thrombocytopenic purpura Irp),
autoimmune thrombocytopenia and oophoritis.

30. A method of treating multiple sclerosis compnsing administering the
combination of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody
having substantial B cell depleting activity, wherein said antibodies are administered
separately or in combination, and in either order.

31. A method of treating ITP comprising administering the combination of
an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody having substantial B
cell depleting activity, wherein said antibodies are administered separately orin
combination, and in either order.

32. A method of treating lupus comprising administering the combination
of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody having substantial
B cell depleting activity, wherein said antibodies are administcred separately or in
combination, and in either order.

33. A method of treating diabetes comprising administering the
combination of an antibody to B7.1, B7.2 or CD40L and an anti-CD?20 antibody
having substantial B cell depleting activity, wherein said antibodies are administered
separately or in combination, and in either order.

34. A method of treating theumatoid arthritis comprising administering the
combination of an antibody to B7.1, B7.2 or CD40L 2nd an anti-CD20 antibody
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baving substantial B cell depleting activity, wherein said antibodies are administered
separately or in combination, and in either order.

35. A method of treating psoriasis comprising administering the
combination of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody
having substantial B cell depleting activity, wherein said antibodies are administered
separately or in combination, and in either order.

36. A mcthod of treating thyroiditis comprising administering the
combination of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody
having substantial B cell depleting activity, wherein said antibodies are administered
separately or in combination, and in either order.

37. A method of treating dermatitus comprising administering the
combination of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody
having substantial B cell depleting activity, wherein said antibodies are administered
separatcly or in combination, and in either order.

38. A method of treating IBD comprising administering the combination
of an antibody to B7.1, B7.2 or CD40L and an anti-CD20 antibody having substantial
B cell depleting activity, wherein said antibodies are administered separately or in
combination, and in either order.

39.  The method of claim | which further comprises administration of a
synthetic immunosuppresant drug.

40.  The method of claim 39 whercin said impmunosuppressant is
cyclosporin or FK506.

41.  The method of claim 39 which further comprises administration of
antibodies targeted against autoantibodies.
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sbecies or belonging to another antibody class or subclass, as well as ﬁagnmt?%'féuch
antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567;
Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of
interest herein include “primatized” antibodies comprising variable domain antigen-binding
sequences derived from a non-human primate (e.g. Old World Monkey, such as baboon,
rhesus or cynomolgus monkey) and human constant region sequences (US Pat No. 5,693,780).

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies
that contain minimal sequence derived from non-human immunoglobulin. For the most part,
humanized antibodies are human immunoglobulins (recipient antibody) in which residucs
from a hypervariable region of the recipient are replaced by residues from a hypervariable
region of a non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman
primate having the desired specificity, aﬁ"mity,—iand capacity. In some instances, framework
region (FR) residues of the human immunoglobulin arc replaced by corresponding non-human
residues. Furthermore, humanized antibodies may comprise residues that are not found in the
recipient antibody or in the donor antibody. These modifications are made to further refine
antibody performance. In general, the humanized antibody will comprise substantially all of at
least one, and typically two, vaniable domains, in which all or substantially all of the
hypervariable loops correspond to those of a non-human immunoglobulin and all or
substantially all of the FRs are those of a human immunoglobulin sequence, except for FR.
substitution(s) as noted above. The humanized antibody optionally also will comprise at least
a portion of an immunoglobulin constant region, typically that of a human immunoglobulin.
For further details, see Jones et al,, Nature 321:522-525 (1 986); Riechmann et al., Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

The term “hypervariable region” when used herein refers to the amino acid rcsidues of
an antibody which are responsible for aptigen-binding. The hypervariable region comprises
amino acid residues from a “complementarity determining region” or “CDR” {e.g. residues
24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35 (H1), 50-
65 (H2) and 95-102 (H3) in the heavy chain variable domain; Kabat ef al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)) and/or those residucs from a “hypervariable loop” (e.g.

12
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SRFSGSGSGTDFTLTlSSLQI"EBTFATYYCQQWSFNPPTF GQGTKVEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYS L3S
STLTLSKADYEK}H(VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 3); and heavy
chain amino acid sequence
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNG
DTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDV
WGQG’I'LV'I‘VSSASTKGPSVFPLAPSSKS’I‘SGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVI-ITFPAVLQSSGLYSLSSW’I’VPSSSLGTQTYICNV NHKPSNTKVDKKVEPKSCDK
THTCPPCPAPELLGGPSVF LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VD
GVEVHNAKTKPREEQYNSTYRVV SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVF SCSVMHEALHNHYTQKSLSLSPGK (SEQ
ID NO: 4).

An "isolated" antagonist is one which has been identified and separated and/or
recoveted from a component of its natural environment. Contaminant components of its
patural environment arc materials which would interfere with diagnostic or therapeutic uses
for the antagonist, and may include enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In preferred embodiments, the antagonist will be purified (1) to
greater than 95% by weight of antagonist as determined by the Lowry meﬁod, and most
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues of
N-terminal or internal amino acid sequence by usc of a spinning cup sequenator, or (3) to .
homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue
or, preferably, silver stain. Isolated antagonist includes the antagonist in sifu within
recombinant cells since at least one component of the antagonist's natural enviromment will
not be present. Ordinarily, however, isolated antagonist will be prepared by at least one
purification step.

A “patient” herein is a human patient.

"Treatment" refers to both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment includc those already with the disorder as wcll as those
in which the disorder is to be prevented. Hence, the mammal may have been diagnosed as
having the disorder or may be predisposed or susceptiblc to the disorder.

14
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VII.  Articles of Manufacture

In another embodiment of the invention, an articlc:t of manufacture containing materials
usefirl for the treatment of the diseases or conditions desctibed above is provided. The article
of manufacture comprises a containcr and a label or packﬁlge insert on or associated with the
container. Suitable containers include, for example, bottles, vials, syringes, etc. The
containers may be formed from a variety of matenals sucﬁ as glass or plastic. The container
holds or contains a composition which is effective for treahng the disease or condition of
choice and may have a sterile access port (for example the container may be an intravenous
solution bag or a vial having a slopper pierceable by a hypodermic injection needle). At feast
one active agent in the composition is the antagonist which binds CD20. The label or package
insert indicates that the composition is used for treating an autoimmune discase where CD20
is detected in a samplc from the patient with the diseasc. The article of manufacture may
further comprise a second container comprising a pharmaécuﬁca]ly—acccptable diluent buffer,
such as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution
and dextrose solution. The article of manufacture may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters,
needles, and syringes. y

Further details of the invention are illustrated by the following non-limiting Examples.
The disclosures of all citations in the specification are expr:ems]y incorporated herein by
reference.

Example 1 I;

Rheumatojd Arthritis
A sample of synovial biopsy and/or fluid is obtainecl;l, with consent, from a patient with

rheurnatoid arthritis (RA). The cells may be frozen or ﬁxcd, and the fluid may be centrifuped,
according to well known procedures. The presence of pathogenic CD20-positive B cells in the
sample is assessed by immunohistochemistry (THC) using a CD20 antibody, such as L.26
(Abcam Ltd) that binds CD20, following the manufacturer’s directions. Where CD20-positive
B cells are detected, the patient is treated with Rituximab (commercially available from
Genentech) or humanized 2H7 (see above) using a dosing regimen selected from 375mg/m2
weekly x 4, 1000mg x 2 (on days 1 and 15),0r 1 gramx 3.
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Patients may also receive concomitant MTX (10-25 mg/week per oral (p.0.) or
parenteral), together with a corticosteroid regimen consisting of memylpmlone 100 mg
i.v. 30 minutes prior to infusions of the CD20 antibody and prednisone 60 mg p.o. on Days 2-
7, 30 mg p.o. Days 8-14, retuming to baseline dose by Day 16. Patients may also receive
folate (5 mg/week) given as either a single dose or as divided daily doses. Patients optionally
continue to receive any background corticosteroid (< 10mg/d prednisone or equivalent)
throughout the treatment period.

The primary endpoint may be the proportion of patients with an ACR20 response at
Week 24 using a Cochran-Mantel-Haensze! (CMH) test for comparing group differences,
adjusted for rheumatoid factor and region.

Potential secondary endpoints inchude:

1. Proportion of patients with ACR50 and 70 responses at Week 24. These may be
analyzed as specified for the primary endpoint.

2. Change in Disease Activity Score (DAS) from screening to Week 24. These may be
assessed using an ANOVA model with baseline DAS, rheumatoid factor, and treatment as
terms in the model.

3. Categorical DAS responders (EULAR response) at Week 24. These may be
assessed using a CMH test adjusted for rheumatoid factor.

4. Changes from screening in ACR core sct (SIC, TIC, patient’s and physician’s global
assessments, HAQ, pain, CRP, and ESR). Descriptive statistics may be reported for these
parameters.

5. Changes from screening in SF-36. Descriptive statistics may be reported for the 8
domain scores and the mental and physical component scores. In addition, the mental and
physical component scores may be furiher categorized and analyzed.

6. Change in modified Sharp radiographic total score, erosion score, and joint space

narrowing score. These may be analyzed using continuous or categorical methodology, as

appropriate.
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Exploratory endpoints and analysis may involve:
ACR(20/50/70 and ACR n) and change in DAS responses over Weeks 8,12, 16,20, 24

and beyond will be assessed using a binary or continuous repeated measures model, as
appropriate. Exploratory radiographic analyses including proportion of patients with no erosive
progression may be assessed at weeks 24 and beyond.

Further exploratory endpoints (for example complete clinical response, disease free
period) will be analyzed descriptively as part of the extended observation period.

Changes from Screen in FACTT-F fatigue will be analyzed with descriptive statistics.

Therapy of RA with the CD20 antibody in patients with CD20-positive B-cells as
described above will result in a beneficial clinical response according to any one or more of
the endpoints noted above.

Example 2
Lupus

Lupus is a common, chronic, relapsing heterogenous disease with many different organ
specific manifestations. Systeric lupus erythematosus (SLE) is characterized by
autoimmunity and autoentibody production. Current therapy (prednisone, Mycophenolate
Mofetil, CNI, cytoxan) is often effective but can cause substantial morbidity and is
nonspecific. B

A lymph node (e.g. tonsilar) or bone marrow biopsy, or peripheral blood mononuclear
cells (PBMCs) arc obtained from a lupus patient with his/her consent. Cells may be frozen or
fixed according to techniques well known to a skilled pathologist. The presence of pathogenic
CD20-positive B cells in the biopsy sample or PBMCs are detected using a IHC assay, e.g. as
described in Bxample 1. Where CD20-positive B cells are detected, the patient is treated with
Rituximab or humanized 2H7 using a dosing regimen selected from 375mg/m2 weekly x 4,
1000mg x 2 (on days 1 and 15), or 1 gram x 3. The antibody is optionally combined with a
further drug(s), such as one or more immunosuppressive agents, methotrexate, prednisone,
Cytoxan, Mycophenolate Mofetil (CellCept), cyclophosphamide, azathioprine,
hydroxycloroquine, CN1, anti-CD4 antibody, anti-CD5 antibody, anti-CD40L antibody, human
recombinant DNase, TNF inhibitor (Infliximab, Etanercept), LJP-394, anti-C5a antibody, anti-
IL-10 antibody, BlyS inhibitor, CTLA-4lg, LL2IgG, Lymphostat-B, Plaquenil, etc.
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What is claimed is:

1. A method of treatirig autoimmune disease in a patient comprising:

(a) detecting CD20 in a sample from the patient; and

(b) where CD20 is detected in the sample, administering a CD20 antagonist to the
5 patient in an amount effective to treat the autoimmune disease.

2. The method of claim 1 wherein the antagonist comprises an antibody.

3. The method of claim 2 whercin the antibody is not conjugated with a cytotoxic

agent.
4. The mgthod of claim 2 wherein the antibody comprises rituximab.
10 5. The method of claim 2 whercin the antibody comprises humanized 2H7.
6. The method of claim 2 wherein the antibody is conjugated with a cytotoxic agent.
7. The method of claim 1 wherein the patient has rheumatoid arthritis.
8. The method of claim 7 wherein the sample is from synovial biopsy or fluid.
9. The method of claim 1 wherein the patient has lupus.

15 10. The method of claim 9 wherein the sample is from lymph node biopsy, bone
marrow biopsy, or peripheral blood mononuclear cells (PBMCs).

11. The method of claim 1 wherein the patient has ulcerative colitis or inflammatory
bowel disease (1BD).

12. The method of claim 11 wherein the sample is an endoscopy sample.
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13. The method of claim 1 wherein the patient has a dermatologic discase or a

dermatologic manifestation of an autoimmune discase.

14. The method of claim 13 wherein the disease is selected from the group consisting
of psoriasis, pemphigus, theumatoid arthritis, hipus and vasculitis.

5 15. The method of claim 13 wherein the sample is a punch biopsy samplc, peripheral
blood mononuclear cells (PBMCs) or lymph node sample.

16. The method of claim 1 which consists essentially of administering the antagonist

to the mammal.
17. The method of claim 1 wherein CD20 protein is detected in step (a).
10 18. The method of claim 1 wherein CD20 nucleic acid is detected in step (a).
19. A method of treating an autoimmune disease in a patient comprising:
(a) detecting CD20-positive B cells in a sample from the patient, and

(b) where CD20-positive B cells are detected in the sample, administering a CD20
antibody to the patient in an amount effective to treat the autoimmune disease.
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nists [0 treal autoimmune discase in a mammal who expe-
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THERAPY OF AUTOIMMUNE DISEASE IN A
PATIENT WITH AN INADEQUATE RESPONSE TO
TNF-ALPHA INHIBITOR

[0001] This is & non-provisional application claiming pri-
ority under 35 USC §119 to provisional application No.
60,461,481 filed Apr. 9, 2003, the entire disclosure of which
is hercby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention comcerns therapy with
antagonists which bind 10 B cell surface markers, such as
20, In particular, the ipvention concerns the vse of such
antagonisis 1o treat autoimmune disease in a mammal who
expericnces an inadequate response 10 a TNFa-inhibitor.

BACKGROUND OF THE INVENTION

[0003] Lymphocytes are one of many types of white blood
cells produced in the bone marrow during the process of
hematapoicsis, There arc two major populations of lympho-
cytes: B lymphocytes (B cells) and T lymphocytes (T cells).
The lymphocyles of particular interest herein are B cells.

[0004] B cclls mature within the bone martow and lcave
the mammow expressing an antigen-binding antibody on their
cell surface. When a naive B cell firdd encounters the antigen
for which its membrane-bound antibody is specific, the cell
begins 1o divide rapidly and its progeny diffcrentiate into
mcmory B cells and effector cells called “plasma cells”.
Mcmory B cclls have a longer life span and continec 1o
express membrane-bound antibody with the same specificity
as the original paremt cell. Plasma cells do not produce
membranc-bound antibody but instead produce the antibody
in a furm that cun be secreted. Seereted antibodies are the
major effector molecule of humoral immunity,

[0005] The CD20 antigen (also called human B-lympho-
cyle-resiricted differentiation antigen, Bp35) is a hydropho-
bic transmembrane protein with a molecular weight of
approximately 35 kD located on pre-B and mature B lym-
phocytes (Valentine et al. J. Biol. Chem. 264(19):11282-
11287 (1989); and Einfeld et al. EMBO J. 73):711-717
(1988)). The antigen is also expressed on greater than %0%
of B cell non-Hodgkin’s lymphomas (NHL) (Anderson el al.
Blood 63(6):1424-1433 (1984)), bul is not found on hemato-
poiclic stem cells, pro-B cclls, normal plasma cells or other
normel tssues (ledder et al. J. Immunol. 135(2).973-979
{1985)). C20 regulates an early step(s) in the activation
process for cell cyele initiation and diffcrentiation (Tedder
al., supra) and possibly functions as a calcium ion chanoel
(Tedder et at. J. Cefl Biochem. 140:195 (1990)).

[0006] Given the expression of CD20 in B cell lympho-
mas, this antigen can serve us a candidute for “targeting” of
such lymphomas. In essunce, such targeting can be gener-
alized as follows: antibodies specific o the CD20 surface
antigen of (1 cclls are administered 10 a patient. These
anti-CD20 antibodies specifically bind to the CD20 antigen
of (ostensibly) both normal and malignaot B cells; the
antibody bound to the CD20 surface antipen may lezd to the
dustructiow aad depletion of acoplastic B cells, Additionally,
chemical agents or radioactive labels having the potential 1o
destroy the tumor can be comjugated to the anti-CD20
amibody such that the agen is specifically “delivered™ 10 the
neoplastic B cells. Irespective of the approzch, a primary

Oct. 14, 2004

gozl is to destray the tumor; the specific approach can he
determined by the particular anti-CD20 antibudy which is
utilized and, thus, the available approaches 1o targeling the
CD20 entigen can vary oonsiderably.

[0007] CD1% is another antigen that is expressed on the
surface of cells of the B tineaye. Like CD20, CD19 is found
on cells throughout ditferentiation of the lineage from the
stem cell stage up te & point just prior (o terminal differen-
tiation into plasma cells (Nadler, L. Lymphocyte Typing IT 2:
3-37 and Appeadix, Renling et al. eds. (1986) by Springer
Verlag). Unlike CD20 bowever, antibody binding to CD1Y
causes intemalization of the CD19 antigen., CD19 antigen is
identified by the HD237-CD19 antibody {also called the
“B4" antibody) (Kiesel et al. Leukemin Research I1,12: 1119
(1987)), among others. The CDLY antigen is prescat on
4-856 of peripberal blood mononuclear cells and on greater
than 90% of B cclls isolated from peripheral blood, spleen,
lymph node or tnsil. CD19 is not detected on peripheral
blood T cells, monocyles ar granulocyles. Virtually all
non-T cell acute lymphoblastic lcukemias (ALL), B cell
chronic lymphocytic leukemias (CLL) and B ccll lympho-
mas express CD19 deiectable by the antibody B4 (Nadler ct
al. J. Imrumol. 131:244 (1983); and Nadler et al. in Progress
in Hematology Vol. X1 pp. 187-206, Brown, L. cd. (1981)
by Grune & Stration, Inc).

{0008]  Additional antihndies which recognize differcntia-
ticn stage-specific antigens cxpressed by cells of the B cell
lineage have been identified. Among tbese arc the B2
antibody direcied against the CD21 aotigen; B3 antibody
directed against the (1322 anfigen; and the J5 antibody
directed against the CD10antigen (also called CALLA). Sce
US. Pat. No. 5,595,721 issued Jan. 21, 1997 (Kaminski ¢t
al).

{0009) ‘The rituximah (RITUXAN®) antibody is a geneti-
cally cogincered chimeric murine/human monoclonal anti-
body directed against the CD20 antigen. Rituximab is the
antibody called “C2B8" in U.S. Pat. No. 5,736,137 issued
Apr. 7, 1998 (Anderson et al.), RITUXAN® is indicated [or
the treatment of paticats with relapsed or rcfractory low.
grade or follicular, CD20 positive, B cell nun-Hodgkin’s
lympboma. In vitro mechanism of action shudies have dem-
onstrated that RITUXAN® binds human complement and
lyses lymphoid B cell lines through complement-dependent
cylotoxicity (CDC) (Refl et al. Blood §3(2):435-445
(1994)). Additionally, it has significant activity in assays for
antibody-dependent cellular cytoloxicity (ATXC(T). Morce
recently, RITUXANG® has becn shown 10 bave anti-prolif-
crative cffects in tritiated thymidine incorporation assays
amd 1o induce apoplosis directly, while other anti-CD19 and
CD20 antibodies do oot (Maloocy ¢t al, Blood 88(1():037a
(1996)). Synergy berwecn RITUXAN® and chemotherapics
and 10xins has also been observed experimentally. In par-
ticular, RITUXAN® sensitizes drug-resisiant human 13 ¢ell
lympboma cell lines to the eytoloxic effects of doxorubicin,
CDDP, VP-16, diphtheria toxin and ricin {Demidem et al.
Cancer Chemotherapy & Radivpharmecewticals 12(3): 177-
186 (1997). In vivo preclinical studics have shown thet
RITUXAN® depletes B eclls from the peripheral binnd,
Ivmph nodes, and hone marrow of cynomolgus monkeys,
presumably through complement and cell-mediated prn-
cesses (Refl et al. Blood 83(2):435-445 (1994)).
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(001Q] Patents and patent publications concerning CD20
antibodies include U.S. Pat. Nos. 5,776,456, 5,736,137,
6,399,061, and 5,843,439, as well as US patent appln Nos.
US 2002/0197255A1 and US 2003/0021781A1 (Anderson
et al.); U.S. Pat. No. 6,455,043B1 and WO00,09160 (Grillo-
Lopcz, A.); WQ00/27428 (Grillo-Lopez and White); WO00/
27433 (Grillo-Lopez and 1conard), WO00/44788 (Brastaw-
sky et al); WOO01/10462 (Rastetter, W.), W001/10461
(Rastciter and White); WO001/10460 (White and Grillo-
Lopez); US appln No. US2002/0006404 and W(O02/04021
(Hunpa and Hariharan); US appln No. US2002:0012665 Al
and WO01/74388 (Hanna, N.); US appln No. US2002/
(KN9444A1, and WOOI/R0884 (Grilio-Lopez, A); WOO1/
97858 (White, C.); US appla No. US2002/0128488A1 and
WO002,34790 (Reff, M.;WO0206(K55 (Braslawsky et
al.j;WO2006948 (Braslawsky et al.);WO02/079255 (Reff
and Davies); U.S. Pal. No. 6,171,586B1, and WO98/56418
{Lam et al.); WO98/58964 (Raju, S.); W099/22764 (Raju,
S.%W099/51642, U.S. Pat. No. 6,194,551B1, US. Pat. No,
624219581, U.S. Pat. No. 6,528,624B1 and U.S. Pat. No.
6.538,124 (ldusogie ot al), WOO0/42072 (Presta, 1.);
WOM6T796 (Curd et al.); WOO0103734 (Grillo-Lopez ¢1
al.); US appln No. US 2002/0004587A1 and WOO1/77342
(Miller und Presta); US appla No. US2002/0197256 (Gre-
wal, 1.); U.S. Pat. Nes. 6,090,365B1, 6,287,53781, 6,015,
542, 5,843,398, and 5,595,721, (Keminski ¢t al); U.S. Pat.
Nos. 3,500,362, 5,677,180, 5,721,108, and 6,120,767 (Rob-
inson ¢ al), U.S. Pat No. 6,410,391 B1 (Raubitschek et al.);
US. Pat. No. 6,224,866B1 and WQO00/20864 (Barbera-
Guiilem, E.); W001/13945 (Barbera-Guillem, E.), WOX)
67795 (Goldenberg): WOO00/74718  (Goldenberg  and
Hansen); WOM 76542 (Golay ct al ;WO(1/72333 (Wolin
and. Rosenblau); U.S. Pat, No. 6.368,596B1 (Ghetie et al.);
US Appln No. US2002/0041847A1, (Goldenberg, D.); US
Appln no. US20030026801A1 (Weiper and Hartmann);
W(02/102312 (Engleman, E.), cach of which is expressly
incorporated herein by reference. Sce, also, US. Pat. No.
5,849,898 and EP appln No. 330,191 (Seed el al.); U.S. Pal.
No. 4861,579 and LP332,865A2 (Meyer and Weiss), and
WQ95/03770 (Bhat ct al.).

[0011] Publications concerning therupy with Rituximab
include; Perotta and Abuel “Responsc of chronic relapsing
I'TP of 10 vears duration to Rituximab™ Abstract # 3360
Ilood 10(1Xpart 1-2): p. 888 (1998); Stashi et al. “Ritux-
imab chimeric anti-CD20 monaclonal antibody treatment
for adults with chronic idopathic thrombocytopenic pur-
pura”Blood 98(4):952-957 (2001); Matthcws, R, *Medical
Heretics™ New Scientist (7 Apr., 2001); Leandro cf al.
“Clinical outcome in 22 paticnts with rhcumatoid arihritis
treated with B lymphocyte depletion"Ann Rhewn Dis
61:833-888 (2002); Leandro et al. “Lymphuocyte depletion in
thrumatoid anhritis: early evidence for safety, efficacy and
dosc response. Anhritis and Rheumarism 44(9). $370
(2001); Leandro et al. “An open study of B lymphocyte
depletion in systemic lupus crythcmatosus”, Arthritis &
Rhewmatisim 46{(1):2673-2677 (2002);, Ldwards and (Cam-
bridge “Sustaiped improvemens in sheumatoid anhritis fol-
lowing a prolocol designed 10 deplete B lymphocytes™Rhe-
matotogy 40:205-211 (2001); Edwards ot al. *B-tymphocyte
depletion therapy in rhvumatoid arthrits and other auloim-
mune  qisorders”Biochenm.  Soc.  Trans.  30(4):824-%28
(2N02); Edwards ct al. “Efficacy and safety of Rituximab, a
B-cell targeted chimeric menoclopal antibody: A random-
ired, placebo comrofled 1rial in paticats with rhcumatoid
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anthritis. Arthritis and Rheumatism 46(9): S197 (2002);
Levine and Pestronk “lgM antibody-related pelyneurcpa-
thics: B-cell depletion chemotherapy using Rituximab-
“Neurology 52: 1701-1704 (1999); DeVita et sl. “Ellicacy of
sclective B cell blockade in the treatment of rheumatoid
arthritis"Arthritis & Rheum  46:2029-2033 (2002);
Hidashida ¢t al. “Treatment of DMARD-Refractory rheu-
matoid arthritis wilh rituximab.” Presented ot the Annval
Scienrific Meeting of the American College of Rheumarol-
ogy: October 24-29; New Orleans, La, 2002; Tuscano, J.
“Suecessful treatment of Infliximab-refractory rheumatoid
anthritis with rituximab™ Prescnted at the Anrmal Scientific
Meeting of the American Coflege of Rhewnatology, October
24-29; New Orlcans, La. 2002,

[0012] Rbematoid arthritis (RA) is an autoimmunc disos-
der of unknown etiology. Mast RA paticats suffcr a chronic
course of disease (hal, cven with therapy, may result in
progressive joini destruction, deformity, disability and even
premature death. More than 9 million physician visits and
maore than 250,000 hospitalizations pes year resull from RA.
The goals of RA therapy are to prevenl or control joint
damage, prevent loss of function and decrease pain. Initial
therapy of RA usually involves administratian of anc or
more of the fnllowing drugs: nonsteroidal antiinflammatory
drugs (NSAIDs), glucocortiveid (vis joinl injection), and
low-dose prednisone. See “Guidelines for the management
of theumatoid arthritis"Arthritis & Rheumatism 46(2): 328-
346 (February, 2002). The majority of patients with newly
diagnosed RA are started with disease-modifying antirheu-
matic drug (DMARD) therapy within 3 months of diagnosis.
DMARDs commonly used in RA are bydroxycloroyuine,
sulfasalazine, methntrexate, leffunomide, ctanercept, inflix-
imab (plus oral and subcutancous methrotrexate), azathio-
princ, D-penicillamine, Gold (oral), Gold (intramuscular),
minocycline, cyclsporine, Staphylococeal protcin A immu-
noadsorplion.

{0013] Because ibe body produces lumar necrosis facton
alpha (TNFa) during RA, TNla inhibitors have used for
therapy of that disease.

{0014] Etanercept (ENBREL®) is an injcclabic drug
approved in the US for therapy of active RA. Etanercept
binds to TNFa, and serves to remove most TNFa from joints
aud biood, thereby preventng TNFa [rom promoting
inflammation and vther symptoms of rhcumatoid arthritis,
Etancreept is an “immunoadhesin™ fusion protein copsisting
of 1he extracellvlar ligand binding portion of the buman 75
kD (p75) tumor necrosis factor receptor (TNFR) linked 1o
the Fe portion of a bunan IgG1. The drug has been assa-
ciated with negative side effects including serious infections
and sepsis, nervous system disorders such as multiple scle-
rosis (MS). Scc. ¢.g., www.remicade-infliximab.com/pages/
enbrel_embrel.him]

{0015] Infliximab, sold under the trade name REMI-
CADE®, is an immune-suppressing drug prescribed to treal
RA und Crohn's discasc. Infliximab is a chimeric mono-
clonal antibady that binds to TNFa and ceduces inflamma-
tion in the body by targcting and binding to TNFa which
produces inflammation. Infliximab has been linked 1o a [alal
reactions such as heart faiture and infections including
tuberculosis as well as demyelination resuhing in MS. -
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[0016] 1n December 2002, Abbatt | ahoratorics received
FDA upproval to market adalimumab (HUMIRAT), previ-
ously known as D2E7. Adalimumeb is @ buman monoclonsl
antibody that binds to TNFa and is approved for reducing
the signs and symptoms and inhibiting the progression of
structural damasge in adulis with moderatcly to severely
active RA who have had insufficient responsc to one or more
traditional disease modifying DMARDs.

SUMMARY Of THE INVENTION

[0017] The present invention provides, io a first aspect, a
method of realing an autoimmune disease in s mammal who
expericoces an inadequate respomse 1o a TNFa-inhibitor,
comprising admipistering to the mamma) a therapoutically
effective amount of an antagonist which binds to a B celi
surface marker.

[0018] For instance, 1be invention provides a method of
treating rhematoid arthritis in a mammal who experiences an
inadequate response 1o a TNFa-inhibitor, comprising
schministering to the mammal a therapeutically cffective
amount of an antibody that binds to Ci320.

[0019] The ipvention atso concerns a method of reducing
the risk of a negalive side cffect selected from the group
consisting of an infection, heant failure and demyelination,
comprising administering to a mammal with an autoimmune
discase a therapeutically cffective amount of an antagonist
which binds 10 a B cell surface marker.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

1. Defimtions

[0020] For the purposes herein, “tumor necrosis faclor
alpha (TNFa)" rcfers to a human TNFa molecule compris-
ing the amino acid scquence as described in Pennica ¢t al,,
Nature, 312:721 (1984) or Aggarwal ¢t al., JBC, 260:2345
(1985).

[0021] A“TNFa inhibitor™ herein is an agent that inhibits,
o some cxtent, a bialogical function of TNFu, generally
through binding to TNFa and pcutralizing ils activily.
Examples of TNF inhibitors specifically contemplated
herein are Etanercept (ENBREL®), Infliximab (REMI-
CADE®) and Adalimumab (HUMIRA™).

[0022] The term “inadequate response W a TNFa-inhibijs
1or” refers 10 an inadequale response to previous or current
treatment with 3 TNFa-inhibitor because of toxicily and/or
inadequate cfficacy. The inadequatc responsc can be
assessed by a clinician skilled in treating the discase in
question.

[0023] A mammal who cxpericnoes “toxicity™ from pre-
vious or current treatment with the TNFa-inhibitor expeni-
ences ane of more negalive side-effects associated therewith
such as infection (especially serious infections), cangestive
hean failure, demyclination (lcading to multiple sclerosis),
hypemsensitivity, ncurologic events, autoimmunity, non-
Hodgkin's lymphoma, wbcrculosis (1B), aulcantibodics,
Gic.

[0024] A mammal who expericnces “inadequate efficacy”
continues 1o have active discasc fullowing previous or
current treatmeal with a TNFa-inhibitor. For instance. the
patient may have aclive discase activity after 1 moath or 3
months of therapy with the¢ TNFa-1abibitor, R
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{00251 By “reducing the risk of a negative side eflect™ is
meznt reducing the risk of a side cffcct resulting from
therapy with the antagonist that binds to a B-cell surface
marker 1o a lower extenl than that seen with 1herapy with a
TNFa-inhibitor. Such side ellects include infection (espe-
cially scrious infections), heart faiture, and demyclination
(mulliple sclerosis), elc.

(0026] A “B cel) surface marker™ herein is an antigen
expressed op the surface of a B cell which can be targeted
with an antagonist which binds thercto. Exemplary B ccli
surface markers include the CD10, CD19, CD20, CD21,
CD22, CD23, CD24, CNAT, CD40, CD33, CD72, CD73,
CD74, CDw75, CDw76, CD77, CDw78, CD7%a, CD7%,
CD80, CD81, CN&2, CD83, CDw84, CDAS snd CDB6
leukocyte surfaoe markers. The B cell surface marker of
particnlar interest is preferentially expressed on B celis
compared to other non-B cell tissues ol a mammal and may
be expressed on both precursor B cells and mature B cells.
o one embodimeat, the marker is one, like CN200r CD 19,
which ix found on B cells throughout differentiation of the
lincage from the stem cell stage up to a point just prior to
terminal diffcsentiation into plasma cells. The preferred §
cell surface markers herein is CD20.

[0027] ‘e “CII20" antigen is a ~35 kDa, non-glycosy-
laled pbosphoprotcin found on the surfacc of greater than
90% of B cells {rom peripheral blood or lymphoid organs.
CD20 is expressed during carly pre-B cell development and
remains until plasma cel] differentiation. CDX20 is present on
both normal B oclls as well as malignant B cells. Other
pames for CD20 in the literature include “B-lymphocyte-
restricted  antigen” and “Bp35”. The CD2( aatigen is
described in Clark et al. PNAS (USA) 82:1766 (1985), for
cxample.

[0028] An “suteimmune discase™ hercin is a disease or
disorder arising from and dirccted against an individual's
own lissucs. Lxamples of autoimmune discascs or disorders
include, bui are pat limiicd 10 arthritis (rhesmatoid arthritis,
juvenile chenmatoid arthritis, osteoarthritis, psoriatic arthii-
tis), psoriasis, dermatilis, polymyositisidematamyosils,
loxic epidermz] necrolysts, syslemic scleroderma and sclo-
rosis, responses associated with inflammatory bowel dis-
¢ase, Crobn's discase, uteerative colitis, respiratory disiress

syndrome, adult respiratory distress syndrome (ARDS), '

meningitis, encephalitis, uveitis, colitis, glomemlonephritis,
allergic conditions, ¢czema, asthma, conditions envolving
infiltretion of T cclis and chronic inflammatory respunses,
atherosclerosis, autoimmune myocarditis, leukocyte adhe-
sion deficicncy, systemic lupus crythematosus (S1.E), juve-
nile onset diabeics, multiple sclerosis, allergic encephalo-
myelitis, immune responscs associaled with acute and
detayed hypersensitivity mediated by cytokines and T-lym-
phocytes, wberculosis, sarcoidosis, granulomatosis includ-
ing Wegener's granulomalosis, agranulocylosis, vaseulilis
(including ANCA), aplastic anemia, Diamond Blackfan ane-
mia, immune hemolytic anemia including autoimmune
hemolytic anemia (AJHA), pernicious apemia, pure red cell
aplasia (PRCA), Factor VI deficiency, bemophilia A,
auloiminioe geulropeniz, pancytopenis, leukopenia, dis.
euases involving leukocyle diapedesis, central nervous svs-
tem (CNS) inflanmatary disonders, multiple orpan injury
syndrame, mysathenia gravis, antigen-antibody complex
mediated diseases, anti-glbomeralar basemenl membrane dis-
case, anti-phospholipid antibody syndrome, allergic noutitis,

- '
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Hechel theeise, Caxtieran®s syadrome, Goudpasiuee’s spn-
drome, Lamberl-Ealin Myasthenic Syndrome, Reyuand’s
syndrome, Sjorpea’s syndiome, Swevens-Jobnson syodroms,
solid organ Iroospland rejection, graft versus host diseuse
(GWHD), pemphipeid bulous, pemphipes, suloiboiune
polycodocninopathies, Reder's discasc, sliff-ran syndrome,
gt cell ariecitis, immune complex nephiritis, (A nephr-
upathy, [gM polyocuropathies or Ighl medialed ncumpalhy,
iliopathic thrambocytopenic purpura {1TF), thrombolic
thrabocylopenic purpure (TTP), wilbimmouns thrombocy-
fopenia, avivimmune disease of 1 testis end overy includ-
g augnimung orchitis and oophons, primary kypothyroid-
m; aunmeane codoenine diseases ipcluding, alininimung
thyroiditis, chrumic thyroiditie (Hashimoto®s Thyroiditis),
subacude thyroidiss, idiopathic bypothyroidizm, Addison’s
disease, Grave’s discase, auloimmune polyplandular syn-
dromes for polyglasdular epdocrinops by syncrames), "fype
| disbctes zlso refemed v as insulin-dependent diahbeies
mellitus (DDA} and Shechan's syndrome; autoimmuns
bepatitiz, kynophoid intzmstirial poeumonitis (HIV), bronch-
alitis oblitarans {nop-lransplanty v& NSIP Guillain-Barre®
syadrome, large vesmiel vasculitis (focluding pelymyalgia
rieumatica and giant ccll (Tekayasu’s) aricritis), medium
vesge] vasculios (including, Kowasakil's discase and pol-
yartoriis podlosa), ankylosing spondylitis, Berger's discasg
(IgA ocphropathy), tapidly pragressive glomenJonephnts,
pnmary hiliary circhasis, Celise sprus {glulco coicropmhy),
crynalobylioemia, amyowophic ateral seleromas (ALE),
corogary arlery disgasc etc,

[0029] An“anlagorist” & 2 malcculs which, upon bnding
io a B cell surfage mether, destroys or depletes B cells io a
mammal andjor interfores with one ar more B cell funstions,
¢.g. by reducing o preventing a bumoral eespoase clicied
by Lke 1 ceM The antegonist prefecably is able 1o deplete B
celle fic. reduce cirewlating B cell levels) in a mammal
treated benswilh. Such deplelion may he achieved wia
variouws mechaniams such antibody-dependont ocll-mediated
evlowxivity (ADCT) aodior complement dependent cyln-
lexicity {1, inbibiton of B cell proliferativn andfor
inductinn of B ce]l death {o.g. via spopinsis). Anlagoniss
included within the scope of Lhe preseat nvention include
ot odies, synlbetic or oalive senuence peptides and small
mwolecule amtagonisis which kind to the B ¢ell marker,
optionally conjugaed with or fosed o« cyinloxic sgent. The
prelerred noragonist comprises an aptibody.

[0030] “Aovbndy-dependent cell-mediated cytatoxizity™
and “ADCCT refer to a cell-medisted reaction o which
nuewspecific cytotoxic cells thal express Fo reoeplors (FuRs)
(g Matural ¥iller {NK) wclls, ncutrophils, and masrogh-
ages) reetgemee bound antibudy on a target ocll wnd sabse-
quenily case lysis of the 1argel cell ‘The primary cells [or
mediatng ALNCC, NK cells, express FoyRITT eoby, whereas
monecyles express FoyRT, FoyRT and FoyRIT FoR expres-
mion on hemalopoietic cells in symmarived is Tatle 3 an
pape 464 of Raveich and Kinel, Azunu, figv frmunof 9:437-
W2 () T assess ANMOC activily of a meleculs of
interest, en in vitrg ADCC awsay, such as thal described in
U5, Pal. Nos. 5500362 or 5521,337 may be performed.
Useful effector Letls [ such essays inglude perpheral] blood
woncntclear celis (PRMCY aod Natural Fller {NK) cells.
Altermatively, vr additonally, ADOC activity of the mal-
cenle of imerest may be asscssed in viva, €.8., in 4 ammal
model suck as thal disclosed ip Clynes o al, PNAY {UbA
DLER2-H5G | I Ui

e Lo A EL T —
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(1] “Human effector cells”™ we leukocyies which
cxpress rme or more Felts and perfonn effector fimetions.
Preferably, 1he cells express at least FoyRIIT aod carry oul
ADCC cffeciar fupctior. Exarples of buman lenkecyles
which mediaie ACC nclude pedpheral blood mino-
ouclear oells (PRMC), palural killer (NK) celis, monncyics,
cytobor ¢ Tootls and neutrophils; with PBMCs and NK cells

being preferred.

[p032] The terms “Fo receptoc™ or “FoR™ are wsed o
describe & receptor that binds 1o ihe Fo region ol an antilody.
The preferred FeR U8 & native segquenee kuman FeR. Mare-
aver, a preferred FeR is voe which binds an IgG antbody (3
pamma reciptor) and dincludes roeeptars nf the ey RE,
EeyR11, and Foy RiLl subclasses, includiag allelic warianls
am] alterpatively spheed furms of these teceplors. FoyRIL
ceceptors include FoyR1A (an “sctivalng, neceplac) and
FoyRNEB (an “iohibitng cecepror™), which have similar
amine acid sequences thal differ prioarily in (he cynplas-
mie domains thereof, Activeling ceceplor FoyRILA conlains
&n immueorecs plor tyrosine-hased activauion motif (ITAM)
in itz cyioplasmic demain Iahibiting peceptor FeyRILH
confaios en ioeouooreosplor lyrusing-hased iohibition motil
{ITIM} in its evipplasmic domain. (sec Dadron, Amre flov,
Immrol. 15203234 (1907 Uels ame reviewed in
Raveich acd Kinet, Amne Rev Immunof $:457-92 (1951}
Capel oL ul., Tmatnomethods 4:25-34 ( 1994); and de Heas el
al, J. Lmp, Clin Med 126.330-41 (1995). Uther FeRs,
including those to be idenlfied o the future, are encom-
passed by the term “FeR” bercin, The wom dlae includes Lhe
nenmacal receplor, FoRn, which is responsible (ar the wansfer
of malemal IgGs to the [clus (Guyer el al, J. fnmunci
117587 (1976} and Kim ot sl., £ Tnmuno! 24:24% (1954))

[0033] “Complemen! dependent cyloloxialy™ or “COC"
refer to the abiliy of 2 molecule 10 lyse a Lareet in the
prcsenes of complenent. ‘Ihe complement activation path-
way % initiated by the binding of the fist eempaneat af the
complement svstem (C14) tp a moleculs (c.g an <ntitady)
complexed with a cognate anligea. To aswess complement
acivation, a TP assay, oy as deseribed i Glarkade-
Santoen of al., L. Jmrmueol. Mathods 202:163 (1990}, may
perfomed ’

[(034] =Growih inhibiloey” sniagenisis are those which
prevent or Teduce prolifecation of 8 vell expressing an
autigen o which the anisgomist biodk, For example, the
aagnnist may prevent or recdues prolifeeation of B eells m
vigo and/or 1n wve.

[0035] Anlagouists which “induce apoptosis” ane lhoo
which induce programmed cel] deait, e of v B-cell, as
determined by sinndard apopiosis asays, such as bindiog of
annexin ¥, fragmentation of LINA, cell shonkape, dilalion ol
endoplasmir reciculum, cel! fragmemarion, andior formalion
of membeane vesicles (ealled apoptotic bodics).

[BG3E] Lhe lerm “antibody™ hemin1s used io the Troadcst
semse and specifically covers iplacl manoclonal anibadics,
pelyclonal annhodies, multispecilic antibndies (e.0 biene-
Lific zntibodics) [onued from al tsast Twe jotact antbdies,
and antibody fragments so iomp us they exhibi the Josied
biclapical sty

[0037] “Antinody frapmens™ eompmse a portion of an
macl antihady, preferably eomprising the anligen-lmding
ar-voniblu rogion thereof, Bramplee of anthody ragmenls
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include Fab, Hal', Ifab7,, sod Fv fragmeats, dabodies;
linear winibodies; singhe-chain apibody mulecules; and mul-
tispecific antibudics formed Mrem antibody fragments,

[(38] “Mative aokibocies” are usnally heleeoictramenc
glycoprmeins of abowd 150,000 daltens, compossd of two
identical kght {LY chains and tweo idontical heavy (H) chains.
Each light chain is linked 2 & heavy chain by one covalent
disulfide bond, while the gumbsr of dsntfide linkages varies
among the heavy chains of different imaunoglobunlin iso-
tvpes. Bach heavy and light cbuin also hos regulerly spaced
intrachaic disulbde bridges. Bach beavy chain bas at one eod
u variable domain (¥} followed by a rumber of conseant
domains. Each Ygh chajn has a variable doman ol one epd
[V} and a constast demain at s other cod; the constan)
domain of the Bght chain iz aligned will the firsl constant
domaic of the heavy chain, and the hght-<hsin variabls
domain i slizgned with the varigble domain of the heavy
chain. Puticular pming acd residues are believed 1o [orm an
inierface hatween the light chain and heavy chain variable
domain=.

[003%) The tecra “variable” refees to the fact that conaia
patlions o the veriable domains dilfer extensively in
sequence amung, anlibodics god are uscd in the hinding and
specificily of cach parlicular antibody for its particulsr
antipen. However, the variabibty is oot cventy distribuicd
throughuut the variable domaics of aptibodies, I s conon-
rrated in three segments called hypervariable egions botbin
the Lpht chain and ke beavy chain vacisble domaics, The
more highly copscrved postions of variable domains arc
calied e Framework regions (FRs). The variable doamzios
of native heavy and light chains cach comprise four FRs,
largzly adnptiog a f-shest comfiguration, connected by three
hyperyanalblc regions, which form Toops connccting, and in
some cascs [orming pan of, the f-sheel siructeee. The
bypervariable regions in each chain ame held topether in
close proximily by the FRs and, with the hypervarizhle
regorms From the other chain, gontdlmte to ihe [ormation of
the ptigen-binding site ol aotibodies (see Kabat el al,
Scquercas of Mroteins of Temunological Imorest, Sth Ed
Public Heallh Service, Waliomal Iostilutes of Health,
Bethesda, Md {19913, The constant domgins ¢ ool
involyed dirceiy n bindiog an snubady 0 an anligen, bw
exhilif varicus effecior functiom, such & parlicipation of
the aplibody m entibody dependent cellular cyiotoxicily
{ADCC)

[0040] Papzin digestion of anlibodics produces tao iden-
tical aptigen-bindiog fragments, ¢alled “Fab™ fragments,
each with p single antige o-hinding site, and a resicesl “Fo”
frapment, whose pame reflcets ils alrlity o cryslallize
eeadily, Pepsin treatmen) yields an F{sb’), frapment {hul has
twor antigen-binding sitcs and is sill capable of cross-lisking,
antipee.

[M41] “Fv” s the minimvm apibody Tragmend which
comtain® » complete antigen-recoenition and antigen-hiad-
inp site. Ihis region oonsisls of a dimer of one beavy chain
apd oo Light chain vaniabde domaig in tight, non-covalent
asgocimion:. I is in this configuretion that the thres hypor-
variuble regivns of tach variable domain interect Lo dofine
an antipen-hinding site on the surfape of the V-V, dimer
Cotectively, be six hyporvariable regions cemfer anligen-
binding, specilicty o the sntibody Howeved, even a single
varisble domain {or hall of gb I .comprisiog.only. three
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hypervariable regivng specific Mnr an antigen) has the ability
to recognize and bind amigen, although at 3 Jower affinity
than the entire binding site. :

[0042] The Fub fragment slso contans the constant
domain of the light chain 2od the firss constant domaio
{CLiL} of the beswy chain. Uab' fragmenis duffer from 1Yab
fragments by the additian of & fow residues a1 Lhe carboxy
terminus of the beavy chain CHI domain including oo or
morc cysieines Eom the antibody hinge region. Fab'-5IT i3
ihe dexignation berein far Fab' io which the cysteine resi-
ducls) of the eonslant domains bear al least oac frec thal
grou p, Flab®; antbody fesgments orpinally wore prdoced
ag pairs of Fab’ frapments which bave hinge cwsieines
betwesn Lhom, Other chemical couplings of spiibody frag-
meols are also koown.

[M43] ‘e “light chaing™ of anfibodies (immenog]ole-
sy From any venchrale specics a1 be assigocd 10 one of
two clerrly distioct types, called kappa (%) and lambds (3],
bassd o0 the amuw acid sequences of thewr veostant
doualns.

[2044] Depending on the amino acid sequence of the
conslant domain of their beavy chains, snlibodes can be
assigned o differcnt classes. Thers are five major clhsses of
intact antibodies: TgA, IgDy, IgF, 26, and Ighd, and «everal
of lhese may be Turther divided imle subclasses (isorypes),
eg., 12G], 1eGL, 1gG3, 1264, TyA, and IgA2. The heavy-
chain cobstant domains thal camespond o the differeni
classes of amtibodies ace called o, &, 5, y, ead n, respeclively,
The subvnil structires fud theee-dimensional eond gurations
of different olesses of monweogloboling ane well koown,

[0045] “Sinzlz~<cham 1% or “scl" aotibody frapwcms
comprise the ¥y, and ¥, doraains of aaulxody, wherein these
domains are present o a single pelvpoptide chain Prefer-
ibly, ke Py polypeptide further comprises o polypeptide

ligker between the ¥,; and ¥, domains which enshles the

soFy 1o form the Jesired structure for aotipen bioding. For
o Towimw of sctv see Plllckihon in The FPlarmacelogy of
Monoglona! Antibedier, vel. [13, Rosenhurg and Moo
eds., Springer-Verlg, New Yodk, pp. 260-315 (1994)

(M348} The term “disbodies” releis Lo small amibody
rupments with 1wo aorigcn-hinding sites, which [ragmenls
comprise 2 heavy-chain varicble domain (¥, ) coneccled w0
a light-chain variable domaw (¥, ) 1 the same polypeplice
chain { V-V, ) By using a linker hat i 10 shorl i altow
nuinue betwesn the iwo domains oo the same chain, the
dummaing are [orced o pair with the complememary domains
of agother chain and create Wo anligen-tunding sites. Dia-
hodics are deserined more fully in, for ezample, EP 404.097;
WO 9311161, and Hollinger ot al., Prec. Nail Acod Sef,
L84, S0k 6-041 (15993

[0047] The temm "monoctonal anibody™ 25 used hersin
refers ic an apllzody obiained from 7 popilatios uf sulstan-
Kally homogengous amibodics, i.c., the individuu]Eaan‘l‘ml-
jen comprising the populatoen are identical excepl for pos-
witle mamrally occuming mwations lhal egy be prtsent n
mpmer emownls Momectonal anubodies ane lighly specific,
being directed aguiost a single anligenic sic. Furthormas,
in conlrast lo convenliouel {potyulenal) antibody prepara-
uons which typically inclods different antibades dirceied
agawnst cillerent determmnaats (2pilupes), each roaoc orah
antibody. is dicscted agaiest n <ingle dewrmunant. on th

i,
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anngen. In sddilion io thewr specificity, the monaclonal
antibodics are advaplageous io 1hat they ste synthesized by
the hybedoma culture, oneontanioated by cther inmmoo-
ehibulins, The modifier “monsclomat™ indicaies the charac-
Ller of the anlibvddy as being oblained foom v subsiantially
humogeasous popnlaion of amibodies, apd is not e
construed as cequicing production of the amibody by any
particular method, For ¢xample, 1he monacleon] antibodies
ta be wsetd 1 serutdunce with the preseat avention may be
made by the hybridoma method fist described by Kohler ef
aL, Nztmre, 256,495 (1975, or may e made by recombinani
DMA methods (zee, g, VS Pat, No. 4,816,557). The
“monoclomal antibedics™ may also be isolated frm phage
antibody hhranés wwing the lechnigques desceibed in Clack-
son ot al., Matire, 332.624-628 (1997) and Marks €1 a1, L
Mol Bigl., 222:581-597 (1993), for exampla.

[M48] The monoclopal antbodies herein specifically
mclude “chimens” antbodies (immunaglobuling} in which
a parrinn of he heavy andfor Lpht chain is identical with or
homelogous to comesponding sequences i anbihodizs
dertsed from & particular species or belooping o a parioular
amiibody chazs or subclass, whils the remainder of the
chain{s) is ideotical wilh or homologous K corespoading
scquences noaneibedics derived from snolher speries or
helonging to another antibody claws or subclass, as well as
Eraprocnss of such aatibodics, so long as they exhibil the
desired binlogical sclivity (U.5. Pat. No. 4,510,567, Morri-
som elal., Fmc Mawl Acad, Sci. US4, 81:0851-6855 (19445)
Chuneric enibodies of inwrest berein ineluds “primatized"”
enliboslics compnsing vanable domiain anlipen-binding
sequences depved from a noo-human primate e, Old
World Monkey, such as baboon, rhesus or cyndmolgis
mankey) aod human constani region sequences (LS Pat,
Nu. 5,647 7800

[04%] “Humanizod” torms of non-humen (.., ooleioe)
antiteoufies are chimperic antibodies that contain minimpaf
sequence derived from non-human immunoglebeling Teor 1he
mosl pan, humanized anlibodies are human sumureiobu-
lins {recipiem aptibody) m which residues from 2 hyper-
vapable reginn ot the recipweni are Teplaced by remdues frorm
& hypervaciible region of a noo-buman species (donot
antibody) such as mowss, Tal, bkt or nonbumad prmale
haviog Hhe desired specificity, alinity, and capacily. In some
inslances, ramework region (FR) residucs of the human
imemunoglobulin are replaced by corresponding, non-buiman
residues. Furthermore, bumanized snlibedies may compriss
rcsidues ihat #re nni found 1n 1he recipaent anbhody o1 inthe
donor aotibody, These muedificalivns are wads W (erber
rcfine antibody performance. 1o peneral, the humsniced
antbody will comprise substantially all of &1 least one, snd
fypically rwo, varizble domains, in which all or suhslaniiz]ly
all of the hypervarisble loops codtespond 10 those af s
nun-bumen mmmonoglobulin and all o7 substantially afl of
the FRs arc those nf o heman mmenoglobwbio seguence.
The hvmanized antibody optiopally alsa wall compmss at
leasl a portion of 1o immunoglobulin aomstant region (Fc),
typically that of & beman 1mmunoglobuling For furihes
deLuils, see Jones e al, Momere 321 5222525 [1980); Hiech-
mano e al,, Natuee 332:3023-320 (1088); and Presta, Cur
Op, Srmct Bisl 1503508 (10923

[BUS0] 1he serm "hypervariable region™ when used heccin
refers 1o the smine acid residucs of an antibody which ane
respopsible for aatigen-binding The hypervariable e
cnmprises amino acid residues from o “complomentacity
determining region” or “CORY (&g, residues 24-34-{L13,

b
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50-56 {12) and 8497 (L.3) 7n the Tight chain variable domain
and 31-35 (1), 50-65 (I12) and ¥3-102 () in the heavy
chain variable domaing Kabat ci al,, Sequences of Prodem of
Dumunafogical Inierest, 5th Ed. Public Ilealih Service,
Maviomal Insdicutes of Health, Bethesda, bMd. (15917) andior
those residues from & “hypervaciable loop” (ep. residucs
26-32 (L1), 30-52 (12) and 91-56 (L3} i the light chain
variable domain aad 26-32 [HL), $3-3% (H2} and 26101
(H3) in the heavy chain variable domaio; Chothia apd Lesk
J. Mol Bial 10631817 (198T)). " Framework™ or “FR™
tegidues are those varlahle demain msidues ather 1han the
bypsrvariable regdon remidues as herein defined,

[O051]  An ancagomisl “which binds™ an antioen of interes!,
e 3 B ecll sprlface marker, is one Capable of Lindiy thal
antigen with sotficient affinivg and/or avidaly such (hat the
antagoonist i5usefnl as a therapentic agent Lo Largeting a cell
expressing the antigen,

{¢052] Exxamples of anibodies which bind the CDZ0 anti-
pen ipclude: “C2BEY which is now called “rtudimab”
CRITUXANE™ (US. Bal, No, 5,736,137, expressly mcor
posgied berein by relerence); the yilriemM]-labeled 2B&
niwrine aoibody designared “Y2R&" (U5, Pat No. 5,736,
137, expressly incorporaled hercin by refercnee}, murine
I%ﬁj:a "B1" opfinnally labelad with **'1 w penerate the
a8211.11" aniibody (BEXKAR™) (US Pa Mo, 5,503,721,
crpressly incorporated herein by releremee), mUr mono-
clonal antbody "1F5" (Press = ol Biood 69(2)584-591
(1237} “chimeric 2ZHT sotibndy” (U3 a1 No 5,677,180,
cxprossly incorporalcd herein by refecence); *humanized
IHT v16™ (zee below); nblax-CO20 (Genmab, Teomark):
AME-133 (Applisd Maleculas Teolution): and menoclonal
aplibodies L27, (X&-2, 93173, B-C1 or NU-B2 wvailabic
[resm Lhe Tolemational Leekoeyls Typing Workshop {Valen-
tive e 41, Tn: Lewdocwre Typing JF (McMichacl, Ed., p. 440,
Oxford Universily Press (19A7TH.

[M53] xamples of anlibodies which bind the TS anli-
gen include ibe aphi-CDLY antibodies o Hekmoo 1 al.
Cancer frmmunol. Damirater. 322304372 (1991) aod Ylas.
veld ot al Cracer Immurol, umunather. H0:37-47 (1995,
and the B antibods in Kiesel el al. Levkentia Kesegrof 1T,
12, 1119 (1967).

[00%4] ‘The terms “rluximab” or “RIYTLECAN®" bereio
refer o Lthe genetically enginecred chimerie murioe/human
moncclopal antibedy dicected against the CDI0 antigen and
designated “CZBE" in U8, Pat No. 5,736,137, cxpressly
incorporated herein by retercnee. The entibody 1w an 105G,
kappa immuepnglehubn coniaining mecing light and heavy
chain variable regiom Acquenses and human cnnstant reygion
sequences, Minsimak hus o binding, afinity for the CR20
amigen of appruximaizly .0 oM

[W55] Puely Tor the purposss hecedn, “humanieed 2017
v167 refers 12 po anbbady comprising, 1be vapable light aml
vemiahl: heavy scquences <hmwn below.

[ASE]  Vuriable lightchain domuin of buZHT w16

DTOMTOCPESLERIYEIRYT ] PRAS2SVISFHHWIG0 (SED LIy ia])
FPFEANKFL 1 ¥ RPN LA SEVPSRFSCES L TDETLT I

SLLQPEDFAT YYCQQuEFHEFEF GO TRVLIER
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[0057] Variable hesvy-chein domam of m2H? w16
EVDLTESGGELVOPGGILATECARSGYEFTSTHM (5F ID RO: 2)
AWVRDARGRGLEWVEH T YPEHGDTA YHRY P RERP
TISVDRSFPILYTOMRS LRAETTAVYTCRAVVTY

SHRSYNYEDVWCQLTLYIVES

[MEER]  Preferaldy humanized 217 v16 comprises the light
chain amine acid sequenes

DIpATHEPLELEASVEDAVTTECAAGESVENMIRTIR (SEQ ID RB: 3
GEPGERFFPLIY BP SHIASCVEERF BG5S GTOFTL
TIE2LOFEDFAT THCOONS EHPPTFGRATKVETERT
VRAFSVFIEPFSTEQLASGTAET VO LLWNF YEREAN
PORKVTHALSGHE PESVTEI DS RBSTYSLEETLTL

SRADYT EHHVY BEEVTHRGLE EEVTKSFRAGES ;
(0039} and heavy chaio amino aad sequence

EWVEI VBSLGELVIPSISLATSCARSGYTFTSYHANE (SEQ TD 0= 4)
YROAPFFSLEWYWATY PGNGOTS TRINERFRETTEY
DRSENTLYLoMASLEREDEATT YCARVY Y SHEYWY
FLVRCOCTL VTS S ASTRERSVPPLABE S S TSGET
RALGELVY DY FIEDSTY 3 WS CALTSGWHT FEAYLG
EERLYS usvawsssmmwxmmsm
LUKV EPESCLETHICEPCE AP BLEGEE SVELEPFRE
KLTEMISETPEV TV TV SHEDFEVEFHW YV DLWE
VANAETHEREE) TH STY VYAV TP LEQEWLH GEET
KCEY ERFAEFAFIENTT SXAdeyEREPVY TL.FE SR
ERHTENOVALTCLY P yPa0 LAVERESRGOREN MY
RTTEE v LDS S TP LY S KL TVOESERIREN Y POREY

KAEALAMHY TR LELEEGR -

[D058]  An “isolated™ antagomist is oo whick has been
ideniified and separgied anddor recovercd from a somponcdl
of its naturyl envionment. Conlaninant componenls of s
nztural covironment ame maignals which wenld inferfere
with tliagnosuc er therapreulie uses for he anlagonisi. and
ma v include enzyomes, bormones, a6d other proteinaceous or
nonproteingeeons sohies, In preferced cmbodiments, the
autagoniss will be purificd (1) to greater than 95% by weipht
of ankaponist 45 delermmned by the Lowry wethod, aod meest
prelershly mose than 9% by weight, {2) to a3 degree
sufficien! 16 olaain 2 Yeas! 15 cemidues of MN-terminal or
intermal amino scid seguence by wwe of a spioming cup
sequenalon ar (3} o bkomogenedy by EDS-PACE under
reducsing, o euncedusing, condiens using Coomaseie blne
ar, nreferably, siver staie kolaied antagonisd mcludes the
anlBEORiS IR Ty withio iccombinant eclls Fnoe at toasl one
componctit of the amlagemist’s nalural enviropment vl pos
e presenk thrdiacily, however, isnbated anlagoni?t will be
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[M61]  “Mamzmil" for puposes of treatnent relem o any
apimal classified 28 2 mammal, mehuding bvmans, dgmestc
and farm animals, aod zoo, sporks, or pel animals, sach. s
dogs, horses, cats. wows, elc. Preferably, e nwammal is
humnan,

[62] “Lreatment” refees we both therapeuts indalment
urkl prophylaciue or prevenialive measures, Thoss in aced of
treaiment include those plready with the diseasg or disordee
ay well as those in which the disease or disooder = w e
prevented. Hence, the mammal may have boon disgnosed as
having thie discase nr disvader of may he predisposed or
suscepible o he disease.

[H3] The expression “iherapemically effctive smounr™
refers o an amount of the antagonisl which is efective toe
preventing, amelaraling or insanng the swoimmuae discase
in question.

[#064] The lerm “Lomunosuppressive agedl” fs nsed
herein for sdjunat therapy refers (o substanccs thar aci o
suppress of mesk the immue system of he mamia] bring
treated herein. This would inclede subsiances 1hat suppress
eyloking prodhction, downregulate or suppress self-aniigen
erpression, or magk the MHAC aougens, Bxamples of such
agents include Z-amino-f-aryl-S-subsiiluted  pyomidines
fsea LS. Pal, No. 4.665 077, the disclosuee ol which is
incerporated hersin by reference); nonsteroidul antinflam.
maiory drugs (NSATTE); azathiopring; cyclphosphamids;
bromocrypiine; dasasol, dapsome; glolaraldehyde, (which
masks the MHC antigens, g5 described in U8, Pal Hoo
4,12N,649); anti-idiotypic antibodics for MI1C antigeas and
MHC frapmenis; cvalosporin As sterolts such as glucoror-
ticostermids, e, prednisome, metbiylpeednisolone, and dex-
amethasone; wethorexate {oral of suboulaneous); bydioxy-
clorogquine; sulfasalazine; keflunomide; cylokine o cytokine
receplor anlagonists imcluding amti-interferun-y. -3, or &0
antibodiss, ant-tumor oeetosis Factor-c antibodies (ufix-
imab or sdalimumab), anhi-THEe immunnshesin (o1&
cept}, anti-lumor peerrsix facior-f antibodies, aot-inlerleu-
kin-Z antibodics and emti-ILe2 receplor amibedids, aol-
LEA.1 apiibodics, inchiding anti-CDlla apd aoi-CDLS
antibodics: ant-L3T4 anlibodizs: heterologsus aoti-lym-
phucyte globuling pan-T ankibedics, proforably anti-C% ar
anti=CDA/CDda antibodies; wriuble pepiide coalambgy A
LFA-3 binding domain (WO PUO0STET published Jul. 26,
L9(F); sireplobiosse; TGF-P strepindomase; RNA or [XNA
from the bost; FES06 RS-61443, deoxysperpualing rapa-
mycin Tocell meeeptoe (Cohen =1 al, WS, Pal. Mo, 5,114,
7210, T-cell recepine frapmots (Ofoer el al, Sofence, 2712
430-432 (1991); W) Y 11294, Taneway, Naiure, 341 462
(1959); and WO §1/411133); and T cell recepior anfibodies
{EF 340,100 such s Ti0B2,

[B065]  The lerm ~cplotaxic agent” as sedl horein rolors o
3 subslapcs thal inhabits o1 poevents Uwe funclin-n‘in[ Lells
and/on causey destruetion of vells. The term is ntcaded 1o
include rudicactive immge& P TS D CEC CEuM
Re'™ RS, SmtSE, Bi%12, P und radioactive woropes of
L}, chemotherapeunc agents, and toains such as senall
malkecule oxins or eozrmatically actve loxies of bacleriad,
fungel, plam or animal origin, or ragments thereol.

[066] A “chuneibecapsutic sgoal” is 3 chermcal com.
pound ws<lul in the trewiment of canger. Byamptes of che-
matherapertic agenls wlodde alkylaling agenats sich 4s
thiotepa 280 cyclmphesphamide (CYTOXANT; alky] 5
fonates such as busultfsn, impresulfan aod piposullan; aziri-
dines such az begzodopa, cacbqeone, meuwednpa, anil

—~ « +..omedopa; cthylenimines and methylimelaomnes ingloding

‘2
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aliretamine, tricthylenemelamine, trietvlenephasphoramide,
tricthylenethiophospbaoramide and tnmethylolomelamine;
nitrogen mustards such as chlorambucil, chlomapbazine,
choluphosphamide, estramustine, ifosfamide, wmechlore-
thamine, mechlorethamine oxide hydrochloride, melphslan,
povembichin, phencsterine, prednimustine, trofosfamide,
uracil mustiard; nitrosureas such as carmustioe, chlorozoto-
cin, folemustine, lomustine, nimustine, ranimustine; antibi-
otics such as aclacinomysins, actinomycio, authramycin,
azaserine, bleamycins, cactinomycin, calicheamicin, carabi-
cin, camminomyecin, carzinophilin, chromomycins, dactino-
mycio, dauncrubicin, detorubicin, 6-diazo-5-oxa-L-notleu-
cinc, doxorubicin, cpirubicin, csorubicin, idarubicin,
marcellomycin, mitomycins, mycophenolic acid, nogalamy-
cin, olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonignin, streptozacin, tuber-
cidin, ubenimex, zinustalin, zorubscin; anii-metabolites such
as methotrexate and S-fMuorouracil (5-FU); folic acid ana-
logues such as denupterin, metbotrexate, pteropterio, trime-
lrexate; purinc analogs such as fludarabine, 6-mercaptopu-
rine, lhiamiprinc, thioguanine; pyrimidine analogs such as
ancitabine, azaciliding, 6-azauridine, carmofur, cytarabine,
didcoxyuridine, doxifiuridine, cnocitabine, floxuridine,
$-FU; androgeas such as calusterone, dromostanolone pro-
pionate, epitiostanol, mepitiostane, tesiolactone;  anti-
adrenals such as aminoghlutethimide, mitotane, trilostanc;
folic acid replenisher such as frolimic acid; accglalone;
uldophospbamide glycoside; aminolcvulinic acid;, amsa-
cooe; bestrabucil; hisantrene; edatraxate; defofamine;
demecolcine; diaziguone; elfomithine; clliptinivm acctate;
cloghicid;  gallium  nitrate;  hydroxyurca;  lentinan;
lonidamine; mitoguazone; mitoxanirone; mopidamol; nitra-
crine; pentostatin; phenamet;, pirarubicin; podophyllinic
acid; 2-cthylhydrazide: procarbazine; PSK®; razoxanc;
sizofiran, spirogermanium; teauazonic acid; triaziquone;
2.2',2"-trichborotniethylamine; urethan; vindesine; dacarba-
zinc; mannomustine; mitobronitol: mitolactol; pipabroman;
gacylosine; arabinoside (“Ara-C"); cyclophusphamide;
thiotepa; taxoids, e.g. paclitaxel (TAXOL®, Bristol-Myers
Squibb Oncology, Princeton. N.J.) and doxctaxel (TAXO-
TLERLE, Rhdne-Poulene Rorer, Aoiony, France); chloram-
bucil; gemecilabine; 6-thioguaning; mercaptopurine; meth-
otrexale; platinum apalogs such as cisplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide; mito-
mycin ; mileganirone; vincristine; vinorelbine; navelbine;
novaotrone; teniposide; daunomycip; aminoplerin; xcloda;
ibandronatc; CPT-11; topoisumerase inhibitor RES 2000;
diflucromethylomithine (DMFFO); retinoic acid; csperam-
icins; capecitabine; and pharmaceutically acceptable salts,
acids or derivatives of any of 1be above. Also ipcluded io this
definition are anli-hormonal agents that act 10 regulate or
inhibit hurmooc action oa tumors such as anti-esirogens
including for example tamoxifen, raloxifene, aromatass
inhibiting 4(5)-imidazoles, 4-hydroxylamoxifen, trivxifene,
keoxifene, LY117018, onspristonc, and torcmifene (Far-
eston); and anti-apdrogens sech as flutamide, nilutainide,
bicalulamide, leuprolide, and goscrelin; and pharmaceuti-
cally acccptable salts, acids or derivatives of any of the
above,

[0067] The term “cylokine” is a generic term for proteins
released by one cefl population whicl act on anather el as
intercellutar medistors. Examples of such oytokines arc
lymphokines, monokines, and traditional polypeptide hor-
moncs. lucluded among the cylokines ase growth hormone
such as human growth hormone, N-methiony] human
growth hormoue, and bovine growth hormene; parathyroid

~ - .- hormone; vhysoxine: insulin; proinsulia; zelaxin; prorelaxin;
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glycopmilein hormones such as follicle stimulating hormone
(FSH), thyroid stimulating hormone (TSH), and lutcinizing
kormone (LH); hepatic growth factor; fibroblast growih
factor; prolactin; placeatal lactogen; lumor pecrosis faclor-o
and -B; mullerian-iohibiling substance;, mouse gonadotro-
pin-associated peplide; inhiin; activin; vascular endothelial
growth factor; integrin; thrumbopoictin (TPO), nerve
growth factors such as NGF-§; plateket-growth factor; trans-
forming growtb factors (TGFs) such as TGF-§ and TGF-f;
insulin-like growth factor-1 and -11; erythropoictin (EPQ);
ostcoinductive factors; interferons such as inicrferon-ct, -3,
and -y; colony stimulating factors (CSFs) such as macroph-
age-CSF  (M-CSF); granulocyie-macrophage-CSF - (GM-
CSI); and gramulocyte-CSF (G-CSF); interlcukins (11.5)
such as 11-1, 1L-1a, 11.-2, IL-3, IL-4, IL.5, IL-6, 1L-7, 1L-8,
IL-9, IL-11, 1L-12, IL-15; a temor pecrosis {zcior such as
TNF-a or TNF-§; and other pulypeptide lactors including
LIF and kit ligand (KL). As used herein, the term cytokine
includes proteins from natural sources or from recombinant
cell crlmre and biologically active cquivalents of the native
sequence cylokines.

[0068] The term “prodrug™ 8s used in this spplicution
rcfers to a precursor or derivative form of a pharmaceuti-
cally active substance that is lgss cytotoxic to tumor cells
compared to the parent drug and is capable of being enzy-
malically activated or converted into the more active parent
form. See, e.g., Wilman, “Prodrugs in Cancer Chemotbera-
py"Biochemical Society Transactions, 14, pp. 375-382,
615th Mecting Belfast (1986) and Stclla et al., “Prodrugs: A
Chemical Approach to Targeted Drug Delivery,”/irecied
Drug Delivery, Borchardt et al, {ed.), pp. 247-267, Humana
Press (1985). The prodrugs of this invention include, but are
not limited to, phosphatc-containing prodrugs, thiophos-
phsle-containing  prodrugs, sullate-containing  prodrugs,
peplide-containing prodrugs, D-amino acid-modified pro-
drugs, glycosylated prodrugs, B-lactam-containing pro-
drugs, optionally suhstituted phenoxyacetamide-containing
prodrugs or optionally substituted phenylacelamide-coata in-
ing prodmgs, S-fluomcytusine and atber 5-fuoroucidine
prodrugs which can be converted into the more active
cytotoxic free drug, Examples of cytotoxic drugs that can be
derivatized into a prodrug form for usc in this invention
include, but are pot timited o, those chemotherapeutic
egents described above.

[0069} A “lipcsome" is a small vesicle composed ol
varivus types of lipids, phospholipids aod/or surlactznt
which is useful for delivery of a drug {such as the antago-
nisis disclosed herein and, optionally, a chemutherapeutic
agent) to 2 mamma). The componeats of the liposome are
commonly arranged in a bilayer furmation, similar 1o the
lipid arrangement af biological membranes.

I1. Production of Anlagonists

[0070] ‘The methods and articles of manvfacture of the
present invention use, or incorporaie, an anlaponist which
hinds to a 13 ccll surface marker. Accordingly, methods for
gencraling such antaponists will be duscribed hece.

[0071} The B cel] surface markes 1o be used for pn wluetion
of, or screening for, antagonist(s) may be, e.g.. a soluble
form of the anligen or a portion thereof, conlaining the
desired cpitope, Alleroatively, or additionally, cells ¢xpress-
ing the B eell surface marker at their.cell surface can be ugd
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to generate, or screen for, antagonisi(s). Other forms of the
B cell surface marker useful for geocrating antagonists will
be apparent to those skilled in the art. Preferably, the B cell
surface marker is the CD20 antigen.

(0072] While the preferrcd anlagonist is an antibody,
antagenists otber than antibodies are contemplated herein.
For cxample, the antagonist may comprise a small molecule
antagonist optivoally lused (o, or conjugated with, & cylo-
toxic agent (such as those described herein). Libraries of
small molecules may be screened against the B cell surface
marker of interest herein in order to identily a small mol-
ccule which binds to that antigen. The small malccule may
lurther be screcped for its antagonistic properties and/or
canjugated with a cylotoxic agent,

[0073] The antagonist may ulso be a peptide generated by
rational design or by phage display (sec, e.g., WO98/35036
published 13 Aug. 1998). In one embodiment, the molecule
of choice may be a “CDR mimic” or antibody analogue
desipned based on the CDRs of an antibody. While such
peptides may he antagonistic by themsches, the peptide
may optionally be fused 1o a cytotoxic agent so as to add or
cohznee anlagonistic propenies of the peptide.

[0074] A deseription follows as to excmplary lechnigucs
for the production of the aalibady antagoaists used in
accordance with the present invention.

[0075] (i) Polyclonal Antibodies

(0076] Polyclonal antibodics are preferably raised in ani-
mals by mulliple subcutancous (s¢) or intraperitoneal (ip)
injections of the relevant antigen and an adjuvant. It may be
wseful to conjugate the relevant antigen (o 8 protein that is
immunngenic in the species (o be immunived, ¢.g., keyhole
limpel hemocyanin, serum albumin, bovine thyroglobulin,
or soybean trypsin inhibitar using a bifvoctional or deriva-
tizing agent, for cxample, malcimidobenzoyl sutfosuccin-
imide ester (copjugation through cysicine residues), N-by-
droxysuccinimide (through lysine residues), ghutaraldehyde,
succinic aphydride, SOC),, or R'Ns=C=NR, wherc R and
R' arc dillerent atky] groups.

[0077] Animals are immunized against the aatigen, immu-
nogenic conjugates, or derivatives hy combining, c.g., 100
pg or 5 up of the proicin or conjugate (for rabhits or mice,
respectively) with 3 volumes of Freund’s complete adjuvant
and injecting the solution intradermally at muliiple sites.
One month later the animals are boosted wilh ¥4 1o Y10 the
original amount of peplide or conjugale in Freund’s com-
plete adjuvant by subcutaneous injection al mulliple sites.
Seven 1o 14 days later the animals arc hled and the serum is
assayed for antibody titer. Animals are boosted until the titer
platcaus. Preferably, the animal is boosted with the conju-
gate of the same anligen, but comjugated 1o a dillercnt
prokein andjor through # different cross-linking reagent.
Conjugates also can be madce in recomnant cell culiure as
protein fusions. Also, aggregating agents such as alum are
suitahly wsed lo enhance the immunc res&ponse.

{0078] (i) Monoclonal Antibodics

(0079] Monnclonal antibodics are obtained from a popu-
lation of substantially homogeneous antibodlies, i.c., the
individual aotiboditcs comprising the populativn are idcali-
cal cxecpt for passible naturally occurring mutations that
may be present in minor amounts. Thus, the maodifier
“monocinnal” indicates the character of the antibndy as nal
heing-a mixture-of-discrete antibodies.~ -~ « ~
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[0080] For example, the monoclonal antibodics may bhe
madc using tbe hybridoma method first described by Kohler
et al., Nature, 256:495 {1975), or may be madec by rccom-
binant DNA metbads (U.S. Pat, No. 4,816,567).

[0081] In the hybridoma method, a monse or other appro-
priate host animal, such as a hamster, is immunized as
hereinabove deseribed o elicit lymphocytes that produce or
are capable of producing antibadies that will specifically
bind to the prolcin used for immunization. Alternatively.
lymphocytes may be immunized in vitro. Lymphocytes then
are fuscd with myeloma cells using a suitable fusing agent,
such as palyethylene glyonl, to form a hybridoma ccll
{Goding, Mancclonal Antibodies: Principles and Practice,
pp- §9-103 (Academit Press, 1986)).

[0082] The bybridoma cells thus prepared arc secded and
grown in a svitable culture medium that preferably contains
one or more subsianoces that inhihil the growth or survival of
the upfused, parental myeloma cells. For example, if 1he
parenta]l myeloma cells lack the enzyme hypoxanthine gua-
nine phosphoribosyl transferase (HGPRT or HPRT). the
culture medium for the hybridomas typically will inclnde
hypoxunthine, aminopterin, and thymidine (HAT medium),
which substances prevent the growth of HGPRT-Jelivient
cells.

[0083) Preferred myeloma cells are those that fuse effi-
cicntly, support stable high-level production of antibody by
the selected antibody-producing cells, and are scosilive (o a
medium soch as HAY mediuom. Among these, preferred
mycloma ccll hines arc murine myeloma lines, such a5 those
derived from MOPC-21 aud MPC-11 mouse (umors avail-
able from the Salk Institute Cell Distribution Center, San
Diego, Calil. USA, and SP-2 or X63.Ag8-653 cells avail-
ablc from the American Type Culture Collection, Rockvilke,
Md. USA. Human mycloma and mousc-human heteromy-
cloma cell Fines also have heen deseribed for 1he production
of human monoclonal antibodies (Kozbor, J. Intmunol.,
133:30(1 (1984); Brodewr ¢t al., Munoclonal Antibody Pro-
duction Techniques end Applications, pp. 51-63 (Marcx}
Dekker, Tne., New York, 1987)).

[0084] Culture medium in which hybrdoma cells are
growing is sssayed for production of monoelonal antibodivs
direcied against the antigen. Preferabty, the binding speci-
ficity of monoclonal antihadies produced by hybridoma eclis
is dotermined by immunoprecipitation or by an in viiro
binding assay, such as radioimmunoassay (RIA) or enzyme-
linked immunoshsorbent assay (ELISA).

{0085] The binding affinity of the monoclonal antibody
can, for example, be determined by the Scatchard analysis of
Munson et al., Anal. Biochem., 107:220 (1980).

[0086] Aller hybriduma cells are ideptified thal produce
antibodies of the desired specificity, affinity, and/or activity,
the clones may be subcloned by limitiag dilution pruccdures
and grown by standard methods (Goding, Mornclona! A riti-
bodics: Principles and Practice, pp. 59-103 (Academic
Press, 1986)). Suitable culture media for this purpose
inchude, for example, D-MEM or RPMI-1640 medium. 1n
addition, the hybridoma cells may be grown in vivo as
ascilcs lumors in an animal.

[0087] The moneclonal antibodies secreted by the sub-
clones are suitably separated from the culture medium,
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purification procedures such as, for example, protein
A-Scpharose, hydroxylapatite chromatography, gel electro-
phoresis, dialysis, or affinity chromatography.

[0088] DNA cocuding the monnclonal antibodies is
readily isolated and scquenced using comventional proce-
dures (e.g., by using oligonuclentide probes that are capable
of binding specifically 10 genes encoding the heavy and hight
chains ol murine antibodies), The hybridoma cells serve as
a preferred source of such DNA. Once isolated, the DNA
may be placed inlo expression vectors, which arc then
transfected into host cells such as E. coli cells, simian COS
cclls, Chinese Hamster Ovary (CHO) cells, or mycloma
cells that do nut otherwise produce immunoglobulio pmtein,
10 obtain the synthesis of moooclonal sntibadies in ihe
recombinant host cclls. Review articles on recombipant
cxpression in bacieria of DNA cncoding the antibody
include Skersa ct al., Curr. Opinion in Immunol., 5:256-262
(1993) and Pliackihun, Fmmunol. Revs., 130:151-188 (1992).

{0089] In a further cmbadiment, antibodics or anlibody
fragments can be isolated from antibody pbage libraries
generated using the techniques described in McCafferty ¢t
al., Neture, 34R:552-554 (1990). Clackson ¢t al, Nawre,
352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-
597 (1991) describe the isolation of murine and buman
smibodies, respectively, using phage libraries. Subsequent
publications describe the production of high affinity (aM
rangc) human antibodics by chain shuffling (Marks ¢t al.,
BiofTechnology, 10:779-783 (1992)), as well s combinato-
rial infcction and in vivo recombination as a stratcgy for
oconstructing very lazge phage librasics (Waterhouse ct al.,
Nuc. Acids. Res., 21:2265.2266 (1993)). Thus, these tech-
piques are viable altematives to traditional mopoclonal
anlibody hybridoma techniques for isolation of monacional
antibodics.

[0090] Thc DNA also may be modified, for example, by
substiluting lhe coding sequence for human heavy- and
light-chain constant domains in place of the homologous
murine sequences (U.S. Pat. No. 4,816,567; Mormrison, et al.,
Proc. Natl Acad. Sci. USA, BL:6R51 (1984)), or by
covalently joining to the immunoglobulin coding sequence
all or part of the ciding sequence for a pon-immunogiebulin
polypeptide.

[0091] Typically such non-immupoeglobulin polypeplides
are substitnted lor (he constant domains of an antibody, or
they arc substituted for the variable domains of one antigen-
combining site of an antibady 10 creatc a chimeric bivalent
aniibody comprisiog one antigen-combining sitc having
specificity for an antigen and another antigen-cambining site
having specificity for a different antigen,

[0092] (i1} Humanized Antibodies

[0093] Meihods for humanizing pen-human aatiidics
have been described in the an. Preferably, s humanized
antibody has one or more amino acid residues introduced
into it from a source which is pon-human. ‘These non-human
amino acid residues are often referred W as “impon” resi-
dues, which are tvpically taken from an “impon” variable
domain. Humanization can be esscntially performed follow-
ing the method of Winter and co-workers (Jonus ¢t al,
Narura, 321:522-525 (1986} Riechmann et al, Nature,
332:323-327 (1988); Verhocyen ot al, Science, 239:1534-
1536 (1988)), by substiiuting bypervariable  region
sequences for the correspanding sequcnces of a buman
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chimeric antibodies (U.S. Pal. No, 4,816,567) whcrein sub-
stantially less than zn imaci human variable domain has
been substituted by the corresponding sequence from a
non-human species. lo practice, humanized antibodies are
typically buman aniibodies in which suome hypervariable
region residucs and possibly some FR residues arc substi-
tuted by residues from analogous sites in rodent antibodies.

[0094] The choice of human variable domains, both light
and heavy, to be used in making the humanized antihodies
is very importan! to reduce antigenicity. According to the
so=called “best-fit” method, the sequence of the varisble
dumain of a rodent antibody is screened against the cntire
library of known human variable-domain sequences. The
human scquence which is closest (o that of the rodent is then
accepled as the human framework region (FR) for the
humanized aatibady (Sims ¢f ak, J. Jmmunol., 151:2296
(1993); Chothia el al, J. Mol Biol, 196:901 (1987)).
Another methad uses a particular framework region derived
from the consensus sequence of all human antibodics of a
particular subgroup of light or heavy chains. The same
framework may be uscd for scveral different humanizet
antibodies (Carter et al., Proc. Natl. Acad. Sci. USA. 89:4285
(1992); Presta ct al, J. fmnumol., 151:2623 (1993)).

[0095] [tis furlber impostant that antibodics be humanize
with sctention of high affinity for the antigen aod other
favorable biological properties, To achicve this goal, accord-
ing W a preferred method, humamived antibodics are pre-
pared by a process of avalysis of the parental sequences and
various conceptual humanized products using threcdimen-
sional models of the parental and bumanized sequences.
‘I'rrec-dimensinnal immunoglobulin models are commonly
available and are familiar to those skilled in the ant, Com-
puter programs arc available which illustrate and display
pmbable threc-dimensional conformational structures of
selected candidale immunoglobulin sequences. Enspection
of these displays permits mnalysis of the likely role of the
residues in the functioning of the candidate immunaglobulin
sequence, i.e., the analysis of residues ihat iptluenve the
ability of the candidate immunoglobulin to bind ils antigen.
Tn this way, FR cesidues can be selected and combined from
the recipient and import sequences so that the desired
antibody characteristic, such as increased affinity for the
targel antigen(s), is achieved. In general, the hypervanable
region residucs are dircctly and most substantially involved
in influcncing antigen binding,

[0096] (iv) Human Antibodics

[0097]  As an alicrnelive to humznization, human antthod-
ies can be generated. For example, it is now possiblc to
produce transgenic apimals (¢.g., mrice) that are capable,
upon immunization, of producing a full repentoire of human
antibodics in the absence of endogenuus immuonghibulin
production. Far cxnmple, it has been described that the
homozygous deletion of the antibody heavy-chain joining
reginn (M) gene in chimeric and germ-tine mutani m ioe
resulls in complete inhibition of endogenous antibody pro-
duction. Traosfer of the buman germ-line immunaglobulin
genc array io such germ-line mutant mice will resuit in the
pioduction of human aatibodies upon antigen vhallenge.
Sce, c.g.. Jakobovits ¢t al., Proc. Nail. Acad. Sci. U5A,
90:2551 (1993); Jakobovits et al., Namre, 362:255-258
(1993); Bruggermann o1 al, Year in Immuna., 733 (1993)

antibody, Accordingly. such “humaunized” aptibodies. are-—--— a0d.U:S. Pat. Nos. 5,591,669, 5,589,369 .and 5.545.807,
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(098] Allematively, phage display techoology (McCaf-
ferty et al., Narure 348:552-553 (1990)) can be used to
produce buman aptibodies and antibody {ragments in vitro,
from immunoglobulin varisble (V} domain gene repertoines
from unimmunized donors. According to this technigue,
antibody V domain genes arc cloped in-frame into cither a
major or minor coat protein genc of a filameotous bacte-
riophage, such as M13 or {d, and displayed as functionsl
anlibody fragmeois on the surface of the phage panicle,
Because the filamentous particle contains a single-stranded.
DNA copy of the phage geanme, sclections based on the
functional properfies of the antibody also result in selection
of the gene coeoding the agtibody cxhibiting (hose proper-
ties. Thus, the phage mimics some of the propertics of the B
cell. Phage display can be performed ip a variety of formats;
for their review sec, ¢.g., Johnson, Kevin S. and Chiswell,
David J., Current Opinion in Structural Biology 3:564-571
(1993). Several sources of V-gene segments can be used for
pbage display. Clackson ct al., Najure, 352:624-628 (1991)
isolated a diverse array of anti-oxazolonc antibodies (rom a
small random combinatorial library of V gepes derived from
the spleens of immunized mice. A repertoire of V genes from
unimmunized human donors can be copstrucied and anti-
bodies to a diverse array of antigens (including self-anti-
gens) can be isolated essentially following the technigues
described by Marks ¢f al., J. Mol. Biol. 222:581-597 (1991),
or Griffith et al., EMBO J. 12:725-734 (1993). Sec, also,
U.S. Pai. Nos. 5,565,332 and 5,573,905,

[0099] ttuman antihodies may also be gencraled by in
vitro activated B cells (sce U.S. Pat, Nos. 5,567,610 and
5,229,275).

[0100] (v) Amtibady Fragments

[0101] Various techniques have been developed for the
production of antibody fragments. Traditionally, thesc frag-
ments were derjved via proteolylic digestion of intact anu-
hodies (see, e.g.. Morimoto et al, Journal of Biachemical
and Biophysical Meihods 24:107-117 (1992) and Brennan et
b, Science, 229:81 (1985)). However, these fragaoents can
now be produced directly by recombinant host cells. For
cxample, the antibody [ragments can be isolated from the
antibexly phage lihrarics discussed ahove, Altematively,
Fab'-SH fragments can be direaly recovered [rom E. coli
and chemically coupled 10 form F(ab'). fragmeats (Carter e
al., BiofTechnology 10:163-167 (1992)). According to
another approach, F(ab'), frapments caa be isolated directly
from recombinant bast cedl cutture. Other techniques for the
production of antibody [ragmems will be apparent o the
skilled practitioner. ln ather embodiments, the antibody of
choice Is 2 single chain Fv fragmem (scFv). See WO
93/16185; US. Pat. No. 5,571.894; and U.S. Pat. No.
5,587,458, The antihody fragment may also be a “lincar
antibody”, e.g., as described in U.S. Pai. No. 5,641,870 for
cxample. Such linear antibody fragments may be monospe-
cific or bispecific,

[0102) (vi) Bispecific Antibodics

[1103] Rispecific antibodies are antibodies that have bind-
ing specibeities for at least two dilforcnt cpitopes. Exem-
plary bispecific aatitrodies may bind to two differcmt
epitopes of the B cell surface marker. Other such antibodics
may hind a first B cell marker and fusther bind a second B
vell surface marker. Alternatively, an sati-B cel) marker
binding, arm may be combined with ap arm which binds
8 irigecring molccule on a leukocyte such as a T-cell
receptor molecvle {e.g. CD2 or CD3), or Fe recepturs for

memsn - 1aG{FeyR), such as FeyRI(GD64), FoyRIT-(CD32) and
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FeyRHL(CD16) 50 38 to focus cellvlar defense mechanisms
to the B cell. Bispecitic amibodics may alse be used to
localize cytotoxic agenls 1o the B cell. These antibodics
pussess a B ccll marker-binding atm and an arm which binds
ibc cytoloxic agent (c.g. saporin, anti-interferon-a, vinca
alkaloid, ricin A chain, metholrexate or radivactive isotope
hapten). Bispecific antibexlies can be prepared as full length
antibodies or antibody fragments (e.g. F(ab’). bispecific
antibodics).

[0104) Methods for making bispecific antibodies are
knowm in the an. Traditional production of full length
bispecific aatibodies is based on the coexpression of two
immupuglobulin hesvy chain-light chain pairs, where the
two chains have different specificitdes (Millsicin et al,
Nature, 305:537-539 (1983)). Because of the random asson-
ment of immunoglobulin heavy and light chains, these
hybridomas (quadromas) produce a poicntiat mixture of 10
differcnl antibody molecules, of which only one has the
correct bispecific struature. Purification of the comect mol-
ccule, which Is usvally duoe by affinity chromatography
sleps, s rather cumbersome, and the product yields are low,
Similar procedures are disclosed in WO 93/08829, und in
Traunccker ct al., EMBO J., 10:3655-3659 (1991).

[0105] Accorting to a diflerent approach, antibudy vari-
abic domzins with the desired binding specificitics (anti-
body-antigen combining sites) are fused 1o immupoglobulin
constant domaib sequences. The fusion preferably is with an
immunoglobulin heavy chain’constant domain, comprising
al least part of the hinge, CH2, and CH3 regiops. I is
preferred to have the first beavy-chain constant region
(CH1) contaiping the site pecessary for light chain bindiag,
prescnt in at least one of the fusions. DNAs cpeoding the
immupoglobutin heavy chain fusions and, if desired, the
immupoglobulin light chain, are inserted into scpacate
expression vectors, and are co-lransfected into a sujtable
host organism. This provides for great flex:bility i adjusiiog
the mutua} proportions of the three polypeptide fragmeats in
embodimeots when uncqual r2tios of the three polypeptide
chains used in the ennsiruction provide the optimum yields,
li is, however, possible to insert the coding sequences for
wo or all three polypeptide chains in onc expression vector
when the expressioa of at least two polypeptide chains in
cqual ratios results in high yiclds or when the ratios are of
oo papticular significance.

[0106] Tu a preferred embodiment of this approach, the
hispecific antibodics are composed of 3 hybrid immunoglo-
bulin heavy chain with a first binding specificity in coe arm,
and s hybrid immunoglobulin heavy chain-light chain pais
{providiag a secund binding specificity) in the other arm. 1t
was found that this asymmetric structure lacilitates the
scparation of the desired bispecific compound (rom
vawanted immanoglobulin chain combiastions, as the pres-
cnce of an immunoglobulin light chain in only onc half of
the bispecific molecule provides for a facile way of separa-
tion. This approach is disclased in WO 94/04690. Lor further
details of geperating bispecific antibodics sec, for example,
Suresh ci al., Methods in Fnzymatogy, 121:210 (1986).

{0107} Acconliog to another upproach described in U.S.
Put. No. 5,731,168, the interface between a pair nf antibody
malecules can b cogineered to maximize the percentage of
hoterodimers which are recovered from recombinant cell
culture. The preferred interface comprises at least 2 pan of
the+Cy;3 domain of a0 antibody-constant -domsain. In this
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mcthod, one or more small amino acid side chainxs from the
interface of the firsi antihody molecule are replaced with
larger side chains (e.g. tyrosine or tryptophan). Compensa-
tory “cavilies” of identical or similar size to the large sidc
chain(s) are crested on the interface of the second antibody
molecule by replacipg large amino acid side chains with
smaller oncs (c.g. alanine or threonine). This provides a
mechanism for increasing the yield of Lhe heterodimer over
other unwanted end-producis such as homodimers.

[0108] Bispecific antibodies ipclude cross-linked or “het-
eroconjugate” sntibodies. For cxample, one of the antibedics
in the heleroconjugate can he coupled to avidin, the other to
biotin. Such antibodics have, for example, becn proposed Lo
targel immune system cells to unwanted cells (U.S. Pai. No.
4,676,980), and for weatmeni of HIV infection (WO
9100360, WO 92200373, and EP 03089). Heteroconjugale
antihodies may be made using any cunvenient cross-linking
methods. Suitable cross-linking agenis are well known in the
an, and are disclosed in U.S. Pat. No. 4,676,980, along with
a number of cross-linking technigues.

[0109] ‘Techniques for gencrating bispecific antibodies
from antibody fragments have also been described in the
literature, For example, bispecific antibodics can be pre-
pared using chemical linkage. Brennan el al., Science, 229:
&1 (1985) deseribe a procedure wherein intact antibodies arce
proteolytically cleaved to generate F(ab'), fragments. These
fragments are reduced in the presence of the dithiol com-
plexing agent sodium arsenite to stabilize vicinal dithiols
and prevent intermolecular disulfide formation. The Fab'
fragments generated are thea converted Lo thioaitrabenzoale
(TNB) derivatives. Ope of the Fab“TNB derivatives is then
reconverted 1o the Fab'-thiol by reduction with mercaptoet-
hylamine apd is mixed with 2n equimolar amount of the
other Fab'-TNB derivative 1o form the bispecific anubady.
The bispecific antibadies pruduced can be used as ageats (or
the selective immobilization of envzymes.

[0110] Recenl progress bas facilitated the direct recovery
of Fab'-SH fragmeats from E. coli, which can be chemically
coupled to fonn hispecific antibadics. Shalaby et al., J. Exp.
Med., 175 217-225 (1992) describe the production of a fully
humanized bispecific antibody F(ab®), molecule. Each Fab’
fragment was scparalcly secreted from E. coli and subjected
to dirccted chemical coupling in viuo to form the bispecific
antibody. ‘The bispecific antibody thus foruied was able to
bind Lo cells overexpressing the ErbB2 receptor and rormmal
human T cells, 8s well as rigges the Ivtic activily of human
cylatoxic lymphocytes ugainst humun breast tumor targets.

{01  Various techniques for making and isolating bispe-
cific antibody fragmenls directly from recombinant cell
culture have also been described, For example, bispecific
aptibodics have been produced using leucine zippers. Kos-
teiny ct a), J. Jmmunol., 148(5)%:1547-1553 (1992). The
leucinc zipper peptides from the Fos and Jun protcins were
linked 10 the Fab' portions of two different antibodics by
gene fusion. The antihody bomodimers were reduced at the
hinge region io form mopomers and then re-oxidized to form
the antibady beterodimers. This method can also be utilized
for the production of antibody bomodimers, The “diabody™
tcchaology described by Hollinger et al, Prve. Natl Acad.
Sci. USA, 90:6444-6448 (1993) has provided an alternative
mechapism for making hispecific antibody [ragments. The
fragments comprise a heavy-chain veriable domain V0
connceted tn a Jight-chein variahle domain (V) by 2 linker
which is 100 shart 10 allow pairing between the two dumains
on the-same chain. Accordingly, the V,y pad V- domzins of
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one fragment are forced to pair with the complementary V.
axl Vy, domains of another fragment, thercby forming two
antigen-binding sites. Another strategy for making bispecific
amibody fragments by the use of siugle-chain Fv (sFv)
dimers bas also been reported. Sce Gruber et al., J. fernu-
nol., 152:5368 (1994).

fo112) Antibodies with more than two valencies are con-
templated. For example, trispecific antibodies can be pre-
pared. Tow et a). J. Immunol. 147: 60 (1991).

[0113]) M. Conjugates and Other Modifications of the
Anlagonist

[0114] The antagoaist used in the methods or included in
the articles of manufacture bercin is optionally conjugated to
a cylatoxic agent.

(0115) Chemotherapeutic agents usefu) in the gencradion
of such antagonist-cytoloxic sgent conjugates have been
described above.

(0116} Conjugstes of an antagonist and ooe or more smuall
molccule toxins, such as a calichcamicin, a maytansine (U.S.
Pat. No. 5,208,020), a trichotbene, and CC1065 arc also
contempletcd herein. In onc embodiment of the invention,
the antagonist is conjugated to one or more mayiapsine
molecules (c.g. aboul 1 10 about 10 maytansine malccules
per antagonist molecule). Maytansine may, for example. be
converied o May-8S-Me which may be reduced 10 May-
SH3 and reacted with medificd antagopist (Chard ¢t al.
Cancer Research 52: 127-131 (1992)) 1o pencrate 3 may-
tansinnid-anfagonist conjugale.

{0117] Alternatively, the antagonfst is conjugated o one or
more calicheaniiciu molecules, The calicheamicin family of
antibiolics are capable of producing double-stranded DNA
breaks at sub-picomolar conccntrations. Structural ana-
logues of calichcamicin which may he used include, but are
got limited 1o, 3,', o', g, N-acetyl-y,', PSAG and 8/,
(Hiuman et al. Cancer Research 53: 3336-3342 (1993) and
Lode et al. Cancer Research 58: 2025-2928 (1998)).

[0118] Enzymatically active toxins and [ragmeats thereof
which can he used include diphtberia A chain, nonbinding
active fragments of diphtberia toxin, exotoxin A chain (from
Pseudomonas aeruginosy), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Alewrites fordii proteins,
dianthin proleins, Phwolaca americane proleins (PAPI,
PAPIL, and PAP-8), mamaordica charantia inhibitor, curcin,
crolin, sapaonariz officinalis inhibitor, gelonin, mitogellin,
restrictocin, pheoomycin, cnomycin and the Iricutheccnys.
See, for example, WO 93/21232 published Oct. 28, 1993.

[0119] The present invention further eomemplates antago-
nist conjugated with a compound with nuclenlytic activity
{e.g. a ribomclease or a2 DNA endopuclease such as 2
deoxyribvpuclease; DNasc).

{0120] A varicty of radioactive isoiopes are available for
the production of radioconjugated antagonists. Examples
include AT, 1331, 1125 ¥90 RS Smb™ B3, 1% and
radioactive isatopes of Lu.

{0121} Conjugates of ihc antagonist and CyLIOXIC agenl
may be madc using a varicty of bifonctional piotcin ouu-
pling agems such as N-succinimidyl-3+(2-pyridyldithiol)
propiopate (SPDP), succinimidyl-4-(N-malcimidomethyi)
evclohexane-1 -carboxylate, iminothiolane (IT), hifunclional
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derivatives of imidocsters (such as dimetbyl adipimidaic
HCL), active esters (such as disuccinimidy] suberate), alde-
hydes (such as glutarcldehyde), bis-zzido compounds (such
gs bis (p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as bis{p-diazoniumbenzoyl)-cthylenedi-
aminc), diisocyanates (such as tolyepe 2,6-dilsocyanaic),
and bis-active fivorine compounds (such as 1,5-difluoro-2,
4-dmitrobenzenc). For example, 2 ricin immunotoxin can be
prepared as described in Vitetta cl al. Science 238: 1098
(1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-melh-
yldicthylene triamincpentaacetic acid (MX-DTPA) is an
exemplary chelating agent for comjugation of radionucle-
otide to 1he antagonist. Sce WO094/11026. The linker may
be 2 “cleavable Jinker” facilitating relcase of the cytotoxic
drug in the cell. For cxample, an acid-labile linker, pephi-
dase-sensitive linker, dimethy! linker or disulfide-containing
linker (Chari et al. Cancer Research 527 127-131 (1992)}
may be used.

f0122] Alternatively, a fusion protein comprising the
antaganist and cylotoxic agent may be made, e.g. by recom-
binam technigues or peptide synthesis.

[8123] 1n yet another embodiment, the antagonist may be
vonjugated 10 8 “receptor” (such streptavidio) for utilizatiop
in tumor pretargeting whercin the antagonisi-ceceptor con-
jugate is administered to the patient, followed by removal of
upbound conjugate from the circulation vsing a clearing
ageol and then administration of a “ligand” (e.y. avidin)
which is conjugated to 2 cytotoxic agent {c.g. 2 radionucle-
otide).

[6124] The aotaponists of the present invention may also
be conjugated with a prodrug-aclivating epzyme which
converis a prodrug (e.g. a peptidyl chemotherapeutic agent,
scc WO81/01145) to an aclive anti-cancer drug. See, for
cxample, WO 88/07378 and U.S. Pat. No. 4,975,278,

[0125) The enzyme component of such conjugates
inctudes any enzyme capable of acting on a prodrug in such
2 way 50 as o covert it into {18 more active, cytoloxic form.

[0126] Enzymcs lhat are uscful in the metbod of this
invention include, bul are oot limited w, alkaline pbos-
phatase uscful for converting phosphalc-containing pro-
drugs imo free drugs; arylsulfatase usefu] for converting
sulfatccontaining prodrugs into free drugs; cytosine deami-
nase useful for converting nop-toxic S-fluorocytesine into
the anti<cancer drug, 5-fluorouracil; proteases, such as ser-
ratia protcase, thermolysin, subtilisin, carboxypeptidases
and cathepsins (such as cathepsins B and L), that are vseful
for convurting peptidecontaining prodrugs into free drugs;
D-alanylcarboxypeptidases, useful for converling prodrugs
that contain D-amino acid sebstituents; carbohydrate-cleav-
ing cnzymes such as B-galectosidase and ncuraminidase
uscful for conventing glycosylated prodrugs into [ree drugs;
B-lactamase uscful for converting drugs derivatized with
fB-lactams into free drugs; and penicillin amidases, such as
penicillin ¥V amidase or penicitlin G amidase, useful for
converting drugs dorivatized at their amine nitrogens with
pheqaxyscelyd or phonylacetyl groups, respectivaly, into
free drugs. Ahernatively, antibodies with enzymatic activaty,
alsp known in the art as “abzymes"”, can be used to converl
the prodrugs of thc invention into free active dregs (see, c.8.,
Massey, Nulure 328: 457458 (1987)). Antagoaist-abzyme
conjugates cag be prepared as described berein for dchvury
of the abzyme-to-a tumor cell-population. -
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(0127] ‘The enzymes of this invention can be cnvalently
bound to 1he antagonist by techniques well known in the art
such as the use of the heterobifunctional crosslinking
reagenis discussed above, Aliernatively, fusion proteins
comprising at least the antigen binding region of ap antago-
nist of the invention linked to at Jeast & fanctionally active
portion of an cnzyme of the invenlion can be coustrucied
using recombinant DNA techniques well known in the art
(sce, e.g., Neuberger et al, Nature, 312: 604-608 (1984)).

[0128] Other modilications of the antagonist are conlem-
plated herein. For example, the antagonist may be linked to
one of a varicty of aoaprotcinsceous polymers, e.g., poly-
ethyleae glyool, polypropylene glycol, polyoxyalkylenes, or
copolymers of polyethylene glyeul apd polypropylene gly-
ool

[0129] The antagonisis disclosed berein may also be for-
mulaled as liposomes. Liposomes containing the antagopist
arc prepared by methods known in the art, such as described
in Epstein et al., Proc. Natl Acad, Sci. USA, 82:3688 (1983);
Hwang ct al,, Proc. Natl Acad. Sci. US4, 77:4030 (1980);
U.S. Pat. Nas. 4,485,045 and 4,544,545; and WO97,38731
published Oct. 23, 1997, Liposomes with enbanced circu-
lation uUme are disclosed in U.S. Pat. No. 5,013,556.

[0130] Particularly useful liposomes can be generated by
lhe reverse phase evaporation method with a lpid compo-
sition comprising phosphatidylcholine, cholesterol and
PEG-derivatized  phosphatidylethanvlamine  (PEG-PE).
Liposomes are extruded through filters of defined pore size
to yield liposomes with the desired diamcter. Fab' fragments
of an antibody of the present invention can be conjugated to
the liposomes as described in Mantip ¢t al J. Biol Chem.
257: 286-288 (1982) via a disullide interchange reaction, A
chemotherapeutic agent is optionally containcd within the
liposome. Sce Gabizon e al. J. Narional Cancer Inst.
B1(19)1484 (1989).

(0131] Amino acid sequence madification(s) of protein or
peptide apiagouists described herein are contemplated. Far
example, it may be desirable to improve the binding affinity
and/or other biological propertics of the anlagopist. Aming
acid scquence varants of the antagonist arc .prepared by
introducing appropriate nucleotide changes into the antago-
nist pucleic acid, or by peptide synthesis. Such modifications
include, for cxample, deletions from, andfor insertions into
and/or substitutions of, residucs within the amipe acid
sequences of the antagonist. Any combinatiap of deletion,
ipserdon, and substitution is made 1o arrive at the fina?
construct, pmvided that the final construct posscsses the
desired characteristics. The amino acid chanpes also may
alter post-translational processes of the amagonist, such as
changiog the qumber or position uf glycosytation sites.

[0132) A uscful method for wdentification of cerlain resi-
dues or cegions of the antagomst that ure preferred locations
for mutagenesis is cafled “alanine scanning mutagenesis’™ as
described hy Cunningham and Wells Science, 244:1081-
1085 (1989), Here, a residue or group of target residucs are
idcatified (e.g., charged residues such us arg, asp, his, lys,
and giv) and replaccd by a ncutral or negatively charged
aminy acid {most preferably alanine or patyalaniue) to affect
the interaction of the amino acids with antigen. Those aming
2cid locations demonstrating fupctional sensilivity o the
substitutions then are refined by imroducing funhes or other
varianis a1, or for-he sites of.substinuion. Thus, whileabe
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site for introducing an amion acid scyuence variation is
predetermined, the nature of the mutation per se need pot be
predetermined. For example, 10 analyze the performance of
a mulation al a given sile, ala scanning or random mulagea-
esis is conducted at the targel codop or region and the
expressed antagonist variants are screened for the desired
activity.

{0133} Amino acid scqueace insertiops include amino-
and/or carboxyl-terminai fusions ranging in Jength {rom one
residue 1o polypeptides containing a hundred or more resi-
dues, as well as inirasequence insertions of single or mul-
tiplc amioo acid residucs. Exampies of terminal inscrtions
include an antagonist with an N-tcrminal methionyl residue
or the anlaponist [used o a cyloloxic polypeptide. Other
insertional varianis of the antagonist molecule include the
fusion to the N- or C-termious of the antagoaist of an
enzyme, or a polypeptide which increases the serum half-life
of the antagonist,

[0134] Apober type of vanant is an amino acid subslitu-
tiop varianl. These variants have sl least ope amino acid
residue in the antagomist molecule replaced by differeat
residue. ‘The sites of greatest inlerest for substitutional
mutagenesis of antibody antzgonists include the hypervar-
able regions, but FR alterations are also coatemplated.
Cunservative substitulions are shown in Table 1 undes the
heading of “preferred substitutions”, 1f such suhstitutions
result in a change in biological activity, then more substan-
tial changes, denominated “excmplary substiiutions™ in
Table 1, or as further described below in refereoce (o amino
acid classes, may be introduced and the products screened.

TABLE )
Origina) Exsciplary Preferred
Reridue Substtetions Sulstimtisas
Ala [(A) val; e il vol
Arg (R) tys: gin; asn Iys
Asn {N) gin; his; asp, Tys; org ghn
Asp (1) Bl asn gl
Cys () scr; ale der
Gl (Q} st gl sn
Gl (F) osp; gla #p
Gly (G) ala als
His (H) asn gha; byel ang g
Ue () Teo val; met; aly; lets
phe: norleucine
lew (L} norleucine; ile; valy de
met, als; phe

Ly= (K) nrgs ghn: asp arg
Met (M) tau: phes ile feuw
Phe (1) lews vals ile; ala: tyr IyF
Pro {P) aly als
Ser (S) the thr
Th: {13 ags aer
Tip (W) 1y phe Ly
Ty (V) um phes thr scp phe
wal {Vv) ile; leu: met; phe; Tens

alp; oorlewcine

[0135] Substagtial modifications in the biologicat proper-
lics of the antagunist are accomplished by sclecting substi-
tutions that differ significantly in their effcct on maintaining
() the structuse of the polypeptide backbone ip the area of
the substitution, for example. 25 a shect or helica) confor-
mation, (b) the charge-or-hvdraphobicity of the molecule at:
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the targe! site, or (¢) the bulk of the side chain. Naturally
occurring residues are divided into groups based on common
side-chain propertics:

[0136] (1) hydrophobic: norlencing, mel, ala, val, leu,

ile;
[0137] (2) ncuiral hydrophilic: cys, ser, thr;
[0238) (3) acidic: asp, ghy;
{01391 (4) basic: asn, gin, his, lys, arg;

[0140] (5) residues that jnflucnee chain arieniation:
gly, pro; and

{0141] (6) arematic: up, tyr, phe.

[0142] Non-<conscrvative  substiutions  will  eutail
cxchanging a member of one of these classes for another
class.

[0143] Any cysteinc residue not involved in maintaining
the proper conformation of the antagonist also may bhe
substituted, gencrally with serine, to improve the axidative
stability of the moYecule and prevent sberrant crosslinking.
Cooversely, cystcine bond(s) may be added 1o the aptagonis
to improve i1 stability (particularly where the antagonist is
an antibedy fragment such as an Fv fragment).

{0144} A pasticularly preferred type of substitutional vari-
ant involves substituting one of more bypervariable region
residues of a parent aptibody. Generally, the resulting vari-
ant(s) sclected for further development will have improved
hinlagical propertics relative to the parent antibady [rom
which they are gencrated. A copvenient way for generating
such substitutional variants is aflinity maturation vsing
phage display. Briefly, several hypervariable region sites
(e.g. 6-7 siles) are mutated 10 gemerate el possible amino
substitmions at each site. ‘The antibody variunts thus geaer-
ated are displayed in 2 monovalent fashion from filamentous
phage panicles as fusions to the gene M product of M12
packapged withia each paniicle. The phage-displayed variants
are then screcned for their biological acuvity (e.u. binding
affipity) as bercin disclosed. Tn order 10 idemify candidate
hypervariable repion sites for modification, alanine scanniog
mutagenesis can be performed to identily bypervariable
region residues coptributiog significantly to antigen binding.
Alternatively, or in additionally, il may Le bencficial to
analyze a crysial structure of the antigen-antibody complex
to ideotify contact points between the antibody and antigea.
Such contact sesidues and ncighboring residues are candi-
dates for substitution according to the techniques elaboraied
hercin, Once such varants are generated, the pancl of
variants is subjecied 10 screening as described berein and
anlibodies with superior properties in one or more relevam
assays may be sclected for furtber development,

(0145] Another type of amino acid variani of the anago-
nist alters the original glycosylation patiern of tbe amago-
nist. By altering is meant deleting one or more carbohydrate
maoictics found in the antagonist, andfor adding oge or more
glvcosylation sites that are not present in the antagonist,

{0146 Glycosylation of polvpeptides is typically either
N-linked or O-ticked. N-liaked refers to e altachmen of
the carbohydratc moicty {o the side chain of an asperagine
resjdue. The Lripeptide scqoences asparagine-X-scrine and
asparaginc-X-threonine, where X is any emino acid cxcop

-w; proline, ate-the recopnition sequences for enzymalic AECH: w v v oot men,
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ment of the carbohydrate moicty to the asparagine side
chain. Thus, the presence of either of these iripeptide
sequences in a polypeptide ¢reates a potential glycasylation
site. O-linked glycosylation refers to the attachment of one
of the sugars N-aceylgalactosamine, galactose, or xylose o
2 hydruxyamino acid, moest commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylyvsing may also be
used.

[0147) Addition of glycasylation sites o the antagonist is
convenieally accomplishied by altering the amino acid
sequence such that it onolains onc or more of the above-
deseribed tripeptide sequences (for N-linked glycosylation
sites). The alicration may also be made by the addition of,
or substitution by, one or more serine or threonine residues
0 the sequence of the origina) antagonist {for O-linked
glycosylation sites).

[0148] Nucleic acid molecules epcoding amino acid
sequence variamis of the antagonist arc prepared by a variety
of methads known in the art. These methods include, but are
not limited tn, isolation from a natural source {in tbe case of
naturally cccurring amino acid scquence vanants) or prepa-
ration by oligonucleotide-mediated (or  site-directed)
routagenesis, PCKR mutagenesis, and cassellc mutagenesis of
an earlier prepared variant or a nop-variant version of the
aptagonisi.

[0149] It may be desirable to modify the amagonist of the
inveation with respect to cffector function, e.g. so as 1o
enhance  antigen-dependent  cell-mediated  cyotoxicity
(ADCCQ) andior complement dependent cytotoxicity (CDC)
of the antagonist. This may be achieved by intruducing one
or moic amine acid substitutions in an Fc¢ region of an
antihody antagonist. Alicroatively or additionally, cysteine
residue({s) may be introduced in the bic region, thereby
allowing interchain disulfide bond formation in this region.
The bumodimeric antibody thus gencrated may have
improved internalization capability apdfor increased
complemeat-medisted oell killing and antibody-dependent
cellular cytotoxicity (ADCC). Sce Caron ot al, J. Exp Med.
176:1191-1195 (1992) and Shopes, B. J. Immunol.
148:2918-2922(1992), Homodimeric  apotibodies  with
enhanced anti-lumor activily may also be preparcd using
heterobifunctional cross-linkers as described in Wolff et al.
Carnicer Research 53:2560-2565 (1993). Allcroatively, ap
aptibudy can be engineered which has dual Fe regions and
may thereby have enhanced complement Tysis and ADCC
capabilities. Sce Stevenson et al. Anri-Cancer Drug Design
3:219.230 (1989).

{0L50] To iscrease the scrum half life of the antagonist,
one may incorporate 3 salvage reeeptoer binding epitope into
the antagonist ({especially an amibody fragmenl) as
descrined in U.S. Pal. No. 5,739,277, for example. As used
hercin, the lerm “salvage receptor binding epitope” refers to
an cpitope of the Fe region of an IgG moiecule (e.g., 1gG,,
18G,, 1gG;, or 1gG,) that is responsible for increasing the in
vivo sernm balf-life of the 1gG molecule.

(01817 1V. ¥harmaceutical Formulations

(0152] Therapeutic fonnulations of the aptagonists used in
accordance with the prescmt ipveotion are prepared for
siurage by mixing sa aptagonist having the desired degree of
purity wih optional pharmaccutically acceptable carricrs,

- ~ EXCipitnls or siabilizers (Remington'y Pharmacentical Sci-
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ences J6th edition, Osol, A Ed. (1980)), in the form of
tyophilized formulations or aqueous solutions, Acceptable
carniers, excipients, or stabilizers are nontoxic (o recipients
al the dusages and concentrations employed, and inchade
buffers such as phosphate, citrate, and otber organic acids;
antioxidants including wscorbic acid and methionine; pre-
servatives (such as octadecyldimethyibenzyl ammonium
chloride; hexamethonium chlonde; benzalkonium chioride,
benzethopium chioride; phenol, butyl ar benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol:
resorcinol; cyclobexanal, 3-pentancl; and m-cresol); low
molecular weight (Jess than about 10 rexiducs) polypeptides;
proleins, such a5 serum albumin, gelatin, or immonoglobu-
lins; hydrophilic polymers such as polyvinyipyrrolidone,
amino acids such as glycine, glotamine, asparagine, histi-
dinc, arginioe, or lysine; monosaceharides, disaccharides,
and ofber carbohydrates including glucuse, manpose, or
dextrins; chelating agents such as EDTA; sugars such as
sucrose, maanitol, trehalose or sorbitol; sali-forming
counter-ions such as sodivm; metal complexes (c.2. Zo-
protein complexes); and/or non-ionic surfactants such as
TWEENT PLURONICS™ or polyethylene glycol (PEG).

{0153} Excmplary anti-CD20 antibody formulations are
deseribed in WO98/56418, expressly incorporated herein by
reference, This publication describes 2 diguid multidose
formulation comprising 40 mg/ml riluximah, 25 mM
acclate, 150 mM irehalose, 0.9% heazyl alcobol, 0.02%
polysorhate 20 at pll 5.0 that has a minimum shelf life of
two years storage at 2-8° C. Another ami-CD20 formulation
of inlcres! comprises 10mg/mL ritwximab in 9.0 mg/ml.
sodium chloride, 7.35 mg/ml. sodium citrate dihydratc, 0.7
mg/mL potysorbate 80, and Slerile Water for Injection, pH
6.5.

[0154] {.yophilized formulations adapted for subcutane-
ous adminisiration are deseribed -in WO9T/04801. Such
Iyophibzed formulations may be reconstituted with a suil-
able dijuent 10 a high protein concentration and the recon-
stituted formulation may be administered subcatapeoosty 1o
the mammal lo be reated herein.

[P155) ‘The farmulation hercin may alse conlzin more than
ooe active compound as necessary for the panticular indica-
lion being treated, preferably those with complememary
activities that do not adverscly affect each other. For
example, it may be Jesirable o funther provide a eyvliAoxic
agent, chemotherapeutic agent, cytokine or imunosuppres-
sive agent (e.g. one which acts on T cells, such as
cyclosporin or an antibody that binds '] cells, ¢.g. one which
binds LFA-1). The cffective amoum of such other zgenis
depeads on the amaovni of antagonist present in the furmu-
lation, the type of discase or disorder or trealment, and other
factors discussed above. These are peperally used in the
same dosages and with administeation routcs as uscd here-
inbefore or about from § to 99% of the hercinfore employed
dosages.

[0156]) The active ingredients may also be entrapped in
microcopsules prepared, for example, by coacervation tech-
uigues o1 by interfacial polymcrization, for exaople,
hydroxymetbyleoliulose or gelatin-snicrocapsules and poly-
(methyimethacylatc) microcapsules, respectively, in collo-
dal drug delivery systems (fur uxample, lipusomes, albumin
microspheses, microemulsions, pano-particles and nanocap-
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sules) or in macroemulsions. Such techmiques are disclosed
in Remingron's Pharmaceutical Sciences 16th edition, Osol,
A. Ed. (1980).

{0157) Sustained-release preparatiuns may be propared.
Suvilable examples of susiained-release preparations include
semipermeable matrices of solid hydrophobic potymers con-
taining the antagonist, which mairices arc in the form of
shaped anticles, ¢.g. films, or microcapsules. Examples of
sustained-relcase matrices mclude polyesters, hydropets (for
cxample, poly(2-bydroxyethyl-methacrylate), or poly(viny-
laleohol}), polylactides (U.S. Pat. No. 3,773,119), copoly-
mers of L-glutamic acid aod y cthyl-L-ghnamate, non-
degradable ethylenc-vinyl acclate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOY™
(injectable microspheres composed of lactic acid-glycolic
acid copolymer and kuprolide acelate), amd poly-D4-)-3-
hydroxybutyric acid.

[0158] The formulavions to be used for in vivo adminis-
tration must be sterile, This is readily accomplished by
filtration \hrough sterile filtration membranes.

(6159] V. Trealment with the Antagonist

(0160 The present invention concerns therapy of 2 sub-
population of mammals, especially hurnans, with, or sus-
ceptible o, an sutcimmune disease, who experience ap
inadequale rspons W previons or cufrent lreatmen! with a
TN a-inhihitor. Generally, the mammal o be reated herein
will be identificd following therapy with one or morc
reatments with one or more TNFa-inkibiton(s) such as
Ewnercept {(ENBREL®), Infiiximab (REMICADE®) or
Adalimumab (HUMIRA™), as experiencing an inadequale
response {0 previous or cumrent treaiment with a TNFa-
inhibilor because of toxicily and/or inadequate cfficacy.
However, the invention is tot limited to a prior therapy step
with such a TNFa-inhihitor; for instance, the paticol may be
considered to be prone 1o expenence 4 toxicity, e.g. cardiac
ioxicity, with » TNFa-inhibitor before therapy therewith bas
begun, or the patient may be deicrmioed o be one who is
unlikely 1o respond to therapy with 2 TNFa-ichibiior.

[061] The varipus sutoimmune discases 10 be treated
herein are listed ip the deflnitions scction above. The pre-
ferred indications heseln are cheumaioid arthritis, psorialic
arthritis, or Crobn's disease.

{M82] Generally, the mammal treated herein will not be
suffering [rom a B-cell malignancy.

[0163) Accarding to anc cmbediment of the invention
contemplated herein, the therapeutic appruach will reduce
negative side effects (such as infections, heart failure and
demyelination) associated with therapy with a TNFa-inhibi-
1or.

{0164) ‘The composition comprising an antaganist which
binds 10 & B cell surface marker will be formulated, dosed,
and administered in a lashion consistent with good medical
practice. Faciors for eonsidesation in this context include the
particular disease or disorder being weated, the particuiar
mamual being ticated, the clinical condition of (be indi-
vidual patient, the cause of the discasw or disurder. the site
of delivery of the agcnt, the metbod of adininistration, the
scheduling of administration, and other faclors known o
medival practitioners. The therapentically effective amount

of the uplagonist 10 he administercd will be goverued by

R

such considerationgs- -
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{0165] As a genera) prupasition, the therapeutically ctfec-
tive amoun! of the antagonis! administercd parcuterally per
dose will be in the range of about 0.1 to 20 mgikg of patient
body weight per day, with the typical initial range of
antagonist used heing in tbe range of aboul 2 40 10 kg,

[0166] ‘The preferrcd amagonisi is ap antibody, c.g. an
antibody such as RITUXAN®, which is pot conjugated 1o a
cytatoxic agen. Suitable dosages for an unconjugated anti-
body are, for cxample, in the range from about 20 mg/m® 10
about 1000 mg/m®. In one embodiment, the dosage of the
antibaxly differs from that presently reenmmendced for RIT-
UXAN®, For example, onc may administer to the patienl
one ar morc doscs of substantiatly less than 375 mg/m® of
the antibody, €.g. where the dose is i the range from shout
20 my/m? 10 abont 250 mg/me, for example from about 50
mgim* to about 200 mg/m*,

[0167) Exempiary desage regimens inclede 375 mg/m2
wecklyx4; ar 1000 mgx2 (c.g. on days 1 and 15).

[0168] Morcover, onc may admibister onc of more initial
dose(s) of the antibody followed by one or more subscquent
dase(s), wherein the mg/m® dose of the antibody in the
subsequent dose(s) excees the mg/m* dosc of the amibody
in the initial dose(s). For example, the initial dose may be
the range from about 20 mg/m® 1o ahout 250 mg/m” (e.g.
from aboul 30 mpin® W about 200 mg/m”) and the subse-
quent dose may be in the range from abaut 250 mg/m® 10
about 1000 mg/m>.

[0169] As ooted above, howsver, these supgesied amoums
of amagonist are subjecl to a great deal of therupeutic
discretion. The key factor in sclectiog an appropriate dose
and scheduling is the resvlt obtained, as indicated above. Por
exarple, relatively higher doscs may be necded initially for
the treatment of ongoing and acute discases. To ebtain the
most efficacious resulis, depending on the disease ar disor-
der, the zntagomist i administered as close 10 the fimt sipn,
diagnosis, appearance, or occurrence of the discase or dis-
order as possible or during remissions of the discase or
disarder.

{0170] The antagonist is adminisiered hy any suitable
mcans, including parenteral, subculancous, intraperitoneal,
intrapulmonary, and intranasal, and, »f desired for local
immunosuppressive wcatment, intralesional administration.
Parcmeral infusions include intramuscular, intravenous,
intraarterial, intraperitoncal, or subculancous administra-
tivo. In addition, the antagonist may suiiably be adminis-
tered by pulse infusion, c.g., with declining doses of the
antagonist. Preferably the dosing is given by injections, most
preferably intravenous or subeutancavs injections, depend-
ing in part on whether the administration is bricl or chronic,

[0171] Onc may administer other compuunds, such os
cytatoxic agents, chemotherapeutic agents, immunesuppres-
sive agents and/or cytokines with the antagonists becein. The
combined administration includes coadministration, using
sepuratc formulations or 2 single pharmaceutical formula-
liup, and cupsccutive admiaistration in cither order, wherein
proferably there is a time period while both (or all) active
ageols simulancuusly exen thewr biological activities. For
RA, and othcr antoimmunc discascs, the anfagonist {c.g.
CD20 aniibody) may be combiped with any ooe or mare of
discasc-modifying avtirheumatic drugs (PMARDs) such as

bydroxycloroquine, . sulfasalazine, methotrexate, . lufluno= ...,
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mide, azathioprine, D-penicillamine, Gold (oral), Gold
(intramuscular), minocycline, cyclosporine, Staphylococeal
protcin A immunoadsorption; intravenous immurogicbulin
(IVIGY; noasteraidal antiinfammatory drugs (NSAIDs);
glucocorticoid (¢.g. via joint injeciion); curicosleroid (¢.g.
mcthylpredpisolone andior prednisonc); folate ete. Prefer-
ably, a TNFa-inhibitor is pot administered (0 the mammal
during 1\be pecind of treatment with the CD20 antagonist,

{M72] Aside from administsation of protcin antagonists to
the paticnt the present application contemplates administra-
tion of antagonists by gege therapy. Such administration of
puckeic acid cncoding the anlagonist is cncompassed by the
expression  “administering  a  therapeutically  effective
amount of an antagonist”. Sce, for example, WO96,/07321
publishcd Mar. 14, 1996 concerning the use of gepe therapy
1o generate intraceilulas antibodies.

[0173] There are two major approaches 10 petting the
nucleic acid (opfionally contained in a vector) into the
paticot’s cells; in vivo aod ¢x vivo. For in vivo delivery the
nucleic acid is injected directly into the paticnt, usually at
the site where the antagonist is required. For ex vivo
treatment, the patieat’s cells are removed, the nucleic acid is
introduced into these isolated cells and the modified cells are
adminpistered Lo the patient cither direcdy ar, for example,
cncapsulated within porous membranes which are implanled
into the paticnt (see, e.g. US. Pal. Nos, 4,892,538 and
5,283,187). There are a variety of techniques available for
introducing nucleic acids into visble cells. The techniques
vary depending upon whether the nucleic acid is transferred
into culinred cells in vitro, or in vivo o the cells of the
intended hast. Techaiques suitable for the tsansfer of nucleic
acid imo mammalian oclls in viwo include the use of
liposomes, eleciroporation, microinjection, ccll fusion,
DEAEdextean, the calcivm phosphate precipitating method,
elc. Acommonly used vector [or ex vivo delivery of the gene
Is a retrovirys.

[0174]  The curremly preferred in vivo nucleic acid trans-
fer technigues include transfection with viral vectors (such
as adenovirus, Herpes simplex [ vims, or adeno-associnted
virus) and lipid-based systems {(uscful lipids for Lipid-mc-
disted transfer of the yene are DOTMA, DOPE and DC-
Chol, for example). In some siluations it is desirable (o
provide the nucleic acid source with an agen! thut targets the
1a5get cells, such as an antibody specific for a cell surface
membrane protein or the targe1 ocll, a ligand for 3 receptor
on the targel cell, ¢te, Whese liposomes are empioyed,
proteins which bind to a cell surface membrane protein
associated with endocytosis may be used for targeting and/or
10 facililate uptake, ¢.g. capsid proteins or fragmems thereof
tropic for a particular cel? type, amibodies for proteins which
undurgo internalization in cycling, and proteins that target
intraceljular localization and enbunce intrecelbular balf-life.
The techpigne of receplor-mediated  endocytasis  is
deseribad, for example, by Wu ¢t al, JJ. Biol Chem.
262:4429-4432 (1987); and Wagner et al., Pruc. Natl. Acad,
Sei, USA 87:3410-3414 (1990). For review of the currently
knowa gene marking and gene therapy protocals sce Ander-
son el al., Science 256:808-813 (1992), Sec also W0
93/25073 and the references crted therein,

[0175] Furher details of the invention arc illustrated by
1he following non-limitiag, Examples. The disclosurss of al)
citations in the specificalion are cxpressly incorporated

Oct. 14, 2004

EXAMPLE 1

[0176) A paticnt with active rheumatoid anhritis who has
en inadequate response to onc or mare TNFee-inhibitor
therapies is treaicd with an antibody that binds the B-cell
surfacc antigen, CD20,

[0177] Candidates for iherapy according to this cxample
include those who bave expenenced an inadequate response
lo previous or current treatment with eétancreept, infliximab
andfor adalimumab hecausc of toxicity or inadequate cfh-
cacy (etanercept for 23 months al 25 mg iwice a week or al
least 4 infusions of infliximab at 23 mg/kg).

[0178] Paticnts may have swallen joint count (SICYZ8 (66
joint count), and teader joint count (TICYZ8 (68 joint count)
a1 screening and randomization; either CRP21.5 mgsdl (15
mg/L) or ESR 228 mm/h; and/or radiographic evidence of ui
least one join! with definite erosion attibutable to rhevma-
toid anhritis, as determined by the contral reading site (any
joiot of the handx, wrists or feet can be considered with the
exception of the DIP joints of the bands),

[0179) ‘The CD20 antibody used for therapy may be Rit-
uximab (commercially available from Genentech, Inc.) or
humanized 2H7 v16.

[0180] Paticents are treated with a therapeutically effective
duse of the D20 antibwly, [or instance, 1000 my iv. on
Days 1 and 15, or 375 mg/m2 iv. wecklyxd.

[0181] Paticnts may alsa reccive concomitant MTX (10-
25 my/week per oral (po.) or pareatedal), together with a
corticosteroid regimen consisting of methyiprednisolonc
100 mg iv. 30 minules phor 1o infusions of the CD20
antibody and predpisone 60 mg p.o. on Days 2-7, 30 mg p.o.
Days 8-14, rcturning to bascline dosc by Day 16. Paticnts
may alsv reccive folate (5 mgfweek) given as cither 2 single
dose or as divided daily doscs. Patients optionally continue
1o receive apy background corticosteroid (< L0 mg/d pred-
pisone or equivalent) throughow the ireaiment period,

[0182) The primary cndpuint may be the proporiion of
paticots with an ACR20 respunse at Week 24 using 3
Cochran-Mante1-Haenszel (CMI) test for compariag grup
differenees, adjusted for rheumaltnid factor and region.

[0183] Poteatial secondary endpoints include:

[0184) 1. Proportion of paticots with ACRS0 and 70
responses al Week 24. These may be analyazed as
specified for the primary endpoint,

[0185) 2. Change in Disease Activity Scare (DAS)
from screcning to Week 24, These may be assessed
using an ANOVA model with bascline DAS, rheu-
matwid factor, and treatizent as krms in the model.

[0186) 3. Cawegmical DAS csponders (EULAR
response) at Week 24, These may be asscssed using
a CMH tes! adjusted for rheumaiod Factor.

[0187) 4. Changes from screening in ACR vore set
(8IC, TIC, palicat's and physician's global assess-
ments, HAQ, pain, CRP. and ESR). Descriptive
statistics may be reported for these parameters.

f018R} 5. Chanpes fram sereening in 8F.36, Desurip-
tive slatistics mey be reposted for the 8 dumain
scores. and 1he mental and physical component
scares. In addition, the menial aoct physical eompo-

+ e sams s DONLSGOTES May be further categorized and unalyred. ||
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[0189} 6. Change in modified Sharp radiographic
total score, erasion score, and joint Space narrowing
scare. These may be analyzed using coptinuous or
cateporical methodology, 8s 2pptophiate.

[M90] Exploratory endpaints and analysis may involve:

[0191] ACR(20/50/70 and ACR n} and change in DAS
responscs over Weeks 8, 12, 16, 20, 24 and beyond will be
assessed using a bioary or continuous repeated measures
model, as appropriate. Exploratory radiographic analyses
including proportion of patients with no ernsive progression
may be asscssed at wecks 24 and beyond.

Oct. 14, 2004

[0192] Furher cxploratosy endpoints (for example com-
plete clinical response, discase free period) will be analvzed
descriptively as part of the extended obscrvation perind.

[0193] Changes from Screen in FACIT-F fatigue will be
analyzed with descriptive statistics. '

{0194] Therapy of RA with the CD20 antibody in paticals
with sn inadeguale fesponse to TNF-a inhibitor therapy as
desceibed above will result in a beoeficial clinical respogsc
according to any onc or more of the endpoints poted ahove,

SEQUENCE LISTING

<160> MNUMDBR OF EEQ ID NOS: 4

<210> SEDQ 1D NO I

<211> LENGTH: 107

<212 TYPLr PRT

«213> CRGANISM1 Artificiel seguence

«220> FEATURE(

<223» OTHER INFORMATIOR: humanized ceguence

<400> SEQUENCE: 1

Asp Tle Gln Met Thr Gln Ser Pro Ser Ser Leu Ssr Ala
1 5 140

Gly Asp Ava Val Thr Ile Thr Cys Arg Ala Ser Ser Ser
20 25

Tyr Met Hie Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro
33 4C

Leu Ile Tyr Ala Pro Ser Asp Lew Ale Ser Gly Val Pro
S0 55

Phe Ser Gly Ser Gly fer Gly Thr Acp Phe Thr Leu Thr
65 70

Ser Lew Glu Pro Glu Arp Pha Ala Thr Tyr Tyr Cys Gln
80 85

Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val
95 1040

Lys Arg

«210> SEQ ID NO 2

<211> LENGTH: 122

«232> TYPE: PRT

«213> ORGANISM: Artifcial scquence

«220> FEATURE:

€223> CTHER INPURMATION: humanized seguénce

<400> SEQUENCE: 2

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu val Gln
i -] 14

Gly Ser Leu Arg Leu Sor Cys Alda ale Ser Gly Tyr Thr
20 2%

Ser Tyr han Met Hip Trp Val Arg Glm Ala Pro Gly Lys
35 4G

Glu Trp Val Gly Ale Ile Tyr Pro Gly Asn Gly Asp Thr
50 S5

san Gln Lys Phe Lys Gly Arqg Phe Thr Ile Ser Val Asp

© metae e .. .

Ser val
15

val Ser
30

Lye Pro
45

Ser Arg
60

Ile Ser
15

Gln Trp
90

Glu Ile
105

Pro Gly
15

Phe Thr
30

Gly Leu
45

Ser Tyr
69

Lys Ser

- e e s e st e,
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-continued

&5 70 18

Lys Asn Thr Leu Tyr Leu Glo Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cya Ala Arq Val Val Tyr Tyr 5Ser Asn Ser
95 100 105

Tyr Trp Tyr Phe Asp Vel Trp Gly Gln Gly Thr Leu Val Thr Val
118 115 120

Ser Ser

<210> SEQ ID WO 3

<Z11> LENCTH: 213

<212> TYPE: FRT

<213> ORGANISM: Artificial sequence

«220> FEATURE:

<223» OTHER IWPORMATION: hunmanized seguance

<¢00> SEQUENCE: 3

Asp Ile Glan Met Thre Gln Ser Pro Ser Sor Lew 5S5er Ala sSer Val
L 5 10 15

Gly Asp Arg Val Thr 1le Thr Cys Arg Als Ser Ser Ser Val Ser
20 25 30

Tyr Met Hie Trp Tyr Gln Gln Lys Pro Gly Lys ARla Pro Lye Pro
33 42 [H]

Leu Iis Tyr Ala Pro Esr Azn Lou Ale Ser Gly Val Pro Ser Arg
590 58 €0

Fhe Ser Gly Ser Gly Ser Gly Thr Aesp Phe Thr Len Thr Ile Ser
85 13 75

Ser Lec Gln Pro Giu Asp Phe Ala The Tyr Tyr Cys Gln Glo Trp
eo 835 90

Ser Pha Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys val Glu Ile
9% 190 185

Lys Arg Thr Val Ala Ale Pre Ber Val Phe ll¢ Phe Fro Pro Ser
110 11% 120

asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Va} Vel Cys Leu Leu
125 139 135

Asn Asn Phe Tyr Pro Arg Glu Alp Lys Val Gla Trp Lys Val Asp
140 145 150

Asn Ala Lew Glp Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Glo
155 160 165

Aop Ser Lypo Asp Ser Thr Tyr Ser Leu Ber Ser Thr Leu Thr Leu
170 175 180

Ser Lys Als Acp Tyr Clu Lys His Lys Vol Tyr Ale Cye Glu Vel
185 190 125

Thr #ic 5ln Gly Leu Ser Ser Pro Val The Lys Ser Phe Asn Arg
200 205 210

Gly Glu Cys

210> ERQ 1D NO 4

«211> LENGTH: 452

«212> TYPE: PRT

<2il> ORGANISM: Artificinsl saquence

<22i> FEATURE!

223> QTHER INFORMATION: hunanized seguence

<4J0> SEQUEMCE: 4

aes © cdammm et miamnat e aew .
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Glu

Gly

Ser

Glu

Acn

Lys

Thr

Tyr

Sec

Vol

Gly

Sor

Ser

Pro

nep

Gly

Leu

Val

Gly

Gin

Lys

Gly

Glu

val

Ser

Tyr

Trp

Gin

AST.

ale

Tep

Ber

Ser

Lys

Ala

Ser

fer

Lys

Gly

Mot

Eur

Val

Asn

Acp

Als

Gln

cle

Gln

Leu

Aan

val

tys

Thr

Val

Tyr

Ala

Lys

Asp

Leu

Leu

Asn

Thr

Pro

1lle

Hac

Glu

Ser

Trp

Lau

Fre

Mot

Ley

Arg

Kat

Gly

The

T.an

Tyr

Phe

Ser

Ser

TYr

Thr

Leu

Gly

Thr

Ber

Glu

val

TH

Leu

rre

vel

20
His
Ala

S0

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
290

Lys
215

Thr
230

Val
245

Arg
260

Asp
275
His
290

Tyr
395

Asn
320

ils
135

Glu
350

Ly=
365

Tcp

Ile

Gly

Leu

Cys

Val

Lys

Ser

Pro

Gly

Ser

Gin

val

Cys

Phe

The

Pro

AB2

Arg

cly

Pro

Pro

AN

ter

Cys

val

Tyc

Arg

Gin

Ala

Trp

Gly

cly

Glu

val

Lau

Thr

Acp

Pro

Leu

Pro

Glu

Ala

Val

Lys

Il

Gln

Gla

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pre

Gly

Pro

Hin

Ser

Tyc

Lys

Pro

Phe

Gie

val

Lys

Yal

Clu

cla

Val

Val

Gly

Ala

Gln

Gly

‘Thr

Asn

val

Gln

Ser

Thr

val

Thr

-1-34

Ile

Cysa

Pra

Val

LyHR

Thr

TyYr

Lys

Ser

Gly
19

Ser
25

Ala
49

Asa

Ile
70

Ser

g5

Val
100
Gly
155

Val
138

ala
145

Thr
150

Phe
175
val
193

Cys
205

val
220

Pro
215

Proc
250

Thr
263

Phe
289
Lye
255

Vel
310

Lys
32

Thr
340

The
355

Leou
370

Gly

Pro

Gly

ger

Tyr

Thr

Phe

val

Pfro

Val

Asn

Glu

aAla

Lys

Cys

Asn

Pro

Leu

Cyo

Tla

Lay

The

val Gln Pro Gly

Tyt

Gly

Asp

Val

Tyr

Len

Pro

Let

Ser

Ala

Thr

Val

Pro

Fro

Pro

val

Top

Arg

Thr

Pro

Cys

Thre

Lys

Thr

Asp

Ala

Ser

val

Len

Gly

Trp

val

val

Asn

Lys

Glu

Lya

Val

Tyr

Glu

Val

Val

Lye

rre

Leu

Phe

Gly

Ser

Lys

Glu

Asn

The

Ala

Cya

Aco

Leu

Pro

His

Ser

Len

Val

val

Gla

Ley

Sar

Ala

15

T™hr
3o

Lgu
45

Tyr
60

ser
75

Asp
950

Sar
05

Val
120

Pro
135

Leu
150

Ser
1865

Gln
180

Ser
135

Lys
219

Cye
22%

Lau
240

Thr
255

Acp
270

Aep
285

Gln
320

15

b

Asn
330

Lys
345

arg
J80

Lys
37s
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-continued

Gly Fhe Tyr Pro Ser Asp lle Ala Vel Glu Trp Glu Ser Asn Gly

90 385

Glin Pro 5lu Aen Asa Tyr Lys Thr Thr Pro Pro Val Leou Asp

395 409

Aep Gly Sor Phe Phe Leu Tyr Ser Lys Leua Thr Val Asp Lye

410 415

Arg Tep GIn Gln Gly Asn Val Phe Ser Cya Bsr Va) Met Hin

425 437

Ala Lew Hin Asn His Tyr Thr Gln Lys 5Ser Lea Ser Leu Ser

440 445

Gly Lys

3s0

Ser
405

Ser
420

Glua
435

Pro
450

What is claimed is:

1. A method of trealing ap avtnimmupe diseasc in a
mammal who expericnces an inadequate responsc 10 8
‘I'NFo-inhibitor, comprising administeripg to the mammal a
therapewticelly effective amount of an autagonist which
binds ta a B cell surface marker.

2. The method of claim 1 whercin the B cell surface
marker is sclected from the wroup copsisting of CDI1G,
CD19, CD20, CD21, CD22, CD23, Ch24, CD3I7, CD4G,
CD53, CD72, CD73, CD74, CDw?5, Chw16, CD77,
CDw?8, CD79a, CD7%, CD80, CD81, CD&2, CD83,
COwi4, CDES and LD86,

3. The meibod of claim ) wherein the antagonist com-
prises an antibody.

4. The method of claim 3 wherein the antibody binds
D20,

5. The method of claim 1 wherein the autoimmune discase
is sclected from the group coasisting of arthritis, rheumatoid
arthritis, juvenile rheumatoid arthritis, osteoarthrilis, psori-
atic arthritis, psoriasis, dermatitis, potymyositis/dermalo-
myosilis, toxic epidermal necrolysis, systemic sclesoderma
and sclerosis, responses associated with inflammatory bowel
discase, Crohn's discase, ulcerative colitis, respiratory dis-
ress  syndrome, adull  respiratory  distress  syndrome
(ARNS), meningitis, encephalitis, uveitis, colitis, glomern-
lopephinivs, allergiv condilions, cezena, asthima, condilious
involving infiltration of T cclls and chronic inflammatory
respopses, atherasclerasis, autoimmune myocanlitis, leuko-
cyte adbesion deficiency, sysiemic lupus crythemalosus
(SL.E), juvenile onset diabetcs, muliipic sclerosis, allergic
encephalomyclitis, immunc responses associated with acute
and delayed hyperseositivity mediated by cytokines and
T-lymphocytes, tuberculosis, sarcoidosis, granslomatosis
includiag Wegener's granulomatosis, agranulocytosis, vas-
culitis (including ANCA), aplastic anemia, [hamond Hlack-
[an anemia, immune hemaolylic ancmia iocluding autoim-
mune hemolytic ancmia (AIHA), pemicious ancmia, pure
red ccll aplasia (PRCA), Factor VI deficiency, hemophilia
A, sutpimmune geulropenia, pancvtopenia, leukopenis, dis-
cascs involving leukocyte dispedesis, ccntral nervous sys-
e (CNS) inflammatory disorders, multiple organ injury
sywlrome, mysadicnis gravis, anfigen-antibady complex
mediated diseases, anti-glomenilar basement membrane dis-
case, auti-phospholipid antibody syndrome, allergic seuntis,
Bechet disease, Castlernan's syndrome, Gondpasture’s syn-
drome, Lamben-Eaton Myasihenic Syadrome, Reynaud's
sypdrme, Sjorgen’s syadrome, Steveas-Johnson syndrome,
solid organ transplant rejection, graft versus host discase
(GVHD), pemphigoid bultcus, pemphigus, autounmune

polvendocrinopathies, Reiter's discase, stiff-man syndrome,
giant cell arteritis, immunce complex pephritis, IgA nephr-
opathy, IgM polyneuropathics or IgM mediated neuropathy,
idiopathic thromhocytopenic purpura {([TP), thrombotic
throbocytopenic purpura (TTP), autoimmune thrombocy-
topenia, autoimmune discase of the 1estis and ovary includ-
ing auloimunc orchilis and cophoritis, primary hypothyroid-
ism; autoimmune cudocrine discases including autoimmune
thyroiditis, chronic thyroiditis (Hashimaoto’s Thyroidiis),
subacute thyraiditis, idiopathic hypothyroidism, Addison"s
discase, Grave's disease, autoimmune polyplandular syn-
dromes (o1 polyglandular endocrinopathy syodromes), Tvpo
I diabetes also referred o as imsulin-dependent disbeles
melliug (IDDM) and Sheshan's syndrome; autoimmune
hepatitis, lymphoid intesstitial poeumonitis (HI'V), broochi-
olitis obliterans (non-transplant) vs NSIP, Guillsip-Barre”
Syndrome, large vessel veseulitis (inchuding polymyalgia
rheumatica and giant cell {Takayasu's) arteritis), medivm
vessel vasculitis (including Kawasaki’s discase and pol-
yarteritis nodosa), ankylosing spondylitis, Berger's discase
(TeA pephropathy), rapidly progressive glomerulonephitis,
primary biliary cirrhosis, Celinc spruc (glutcn entcrapathy),
cryoplobulincmia, smyolrophic lawru) sclerosis (ALS)
coronary anery discase,

6. The method of claim 1 wherein the mamenal is human,

7. The method of claim 3 wherein the antihody is not
copjugated with & cylotoxic agent.

8. The method of claim 4 wherein the antibady comprises
rituximah,

9. The method of claim 4 wherein the sntibody compriscs
bumanized 2H7 v16 comprising the variable domaias as in
SEQID Nos. ) & 2.

10. The method of claim 3 whercip the antibody is
coojugated with a cylotoxic agent.

11. The method of claim 1 which consists essentiaity of
administezing the antagonist 10 the mammal,

12. A method of treating theumatoid arhritis in 2 mammal
who expericnees an inadequate response to a TNFa-inbibi-
tor, comprising admipistering (o thc mammal a therapeuti-
cally effective amount of an antibody that binds 10 CD20,

13. A method of reducing the risk of 2 uegative side cffect
selected from the group coasisting of an infection, heart
[ziture apd demvelination, comprising adminisicring to a
mammal with on aulnimmune disease a therapeutically
cffective amount of an antagonist which binds o 2 B cel}
surface marker,

RN



PCT

Intem

WORLD INTELLECTUAL PROEEuRW ORGANIZATION

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) Internationat Patent Classification 7 :

(11) International Publication Number:

WO 00/67796

(22) Internationat Filing Date: 4 May 2000 (04.05.00)

(30) Priority Data:
60/133,018
60/139,621

us
us

7 May 1999 (07.05.99)
17 June 1999 (17.06.99)

(71) Applicants: GENENTECH, INC. {US/US]; | DNA Way, South
San Francisco, CA 940804990 (US). IDEC PHARMA-
CEUTICALS, INC, [US/AUS); 11071 Torrey Ana Road, San
Diego, CA 92121 {(US).

(72) Inventors: CURD, John, G.; 28 Reservoir Road, Hillsbor-
ocugh, CA 94010 (US). KUNKEL, Laori, A.: 7060 Exeter
Drive, Qakland, CA 94611 (US). GRILLO-LOPEZ, Anto-
nig, 1.; 17577 Via del Bravo, Rancho Santa Fe, CA 92067
(US).

(74) Agents: LEE, Wendy, M. et al.; Genentech, Inc., 1 DNA Way,
South San Francisco, CA 940804990 (US).

A61K 39739 P 37 Al
Cgﬂ( ,2’,3285’ ABIF 37/00, AGLK 47148 (43) Internationa) Publication Date: 16 November 2000 (i6.11.00)
(21) Interuational Application Number: PCT/US00/40018 | (B1) Designated States: AE, AG, AL, AM, AT, AU, AZ, BA, BB,

BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM,
DZ EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, 1L,
IN, IS, IP, KE, KG, KP, KR, KZ. , LK, LR, LS, LT, LU,
N MK, , , MX. NO, NZ, PL, PT,
™, TR, TT, TZ,
m (GH, GM,
G, ZW). Eurasian patent
BY,KQG TM), European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
PT, OAP , BJ, CF, CG, O,

, TG).

3

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title:
(57) Abstract

CD19 or CD20.

TREATMENT OF AUTOIMMUNE DISEASES WITH ANTAGONISTS WHICH BIND TO B CELL SURFACE MARKERS

The present invention concemns treatment of sutoimmune discases with antagonists which bind to B cell surface markers, such as
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surface marker. The label or package insert indicates that the composition is used for treating a patient having or
predisposed to an autoimmune disease, such os those listed herein, The article of manufacture may further comprise
asecond container comprising & pharmaceutically-acceptable diluent buffcr, such as bacteriostatic water for injection
{BWTT), pbosphate-buffered saline, Ringer’s solution and dextrose solution. It may further inclide other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters, needles, and syringes.

Further details of the invention are illustrated by the following non-limiting Examples. The disclosures of
all citations in the specification are expressly incorporated herein by reference.

Example }

Paticnts with clinice] diagnosis of rheumatoid arthritis (RA) are ;nated with rituximab (RITUXAN®)
antibody. The patient treated wil? not have a B cell malignancy. Moreovet, the patient is optionally further treated
with any one or more agents employed for treating RA such as salicylate; nonsteroidal anti-inflammatory drugs such
as indomethacin, phenylbutazone, phenylacetic acid derivatives (e.g. ibuprofen and fencprofen), naphthaiene acetic
acids (naproxen), pyrrolealkanocic acid (toméetin), indoleacetic acids (sulindac), halogenated anthranilic acid
(meclofenamate sodium), piroxicam, zomepirac and difluniszl; antimalarials such as chloroquine; gold salts;
penicillamine; or immunasuppressive agents such as methotrexate or corticosteroids in dosages known fer such drugs
or reduced dosages. Preferably however, the patient is only treated with RITUXAN®.

RITUXAN® is administered intravenously (IV) to the RA patient according to any of the following dosing
schedules:

(A)  S0mg/m’ IV day 1

150 mg/m® IV on days 8, 15 & 22

(B)  150mg/m’ IV day !

375 mg/m’ IV on days 8, 15 & 22

(©  375mgm’iVdays1,8,15&22

The primary response is determined by the Pautus index (Paulus ef al, Athritis Rheum. 33:477-484 (1990)),
i.e. improvemeni in morning stiffncss, number of painful and inflamed joints, erythrocyte sedimentation (ESR), and
at lcast a 2-point improvement on a 5-point scale of disease severity assessed by patienl and by physician.
Admnistration of RITUXAN® will atlcviate one or more of the symptoms of RA in the patient treated as described
above.

Example 2

Patients diagnosed with autoimmune hemolytic anemia (ATHA), e.g., cryoglobinemia or Cocmbs positive
anemis, are treated with RITUXAN® antibody. AITHA is an acquired hemolytic anemis due to auto-antibodies that
react with the patient’s red blood cells. The patient treated will not have a B cell malignancy.

RITUXAN® is administzred intravenously (TV) to the paticnt according to any of the following dosing
schedules:

(A)  50mg/m’ TV day !

150 mg/m” IV on days B, 15 & 22

(B)  150mg/m’ IV day 1

375 mg/m® IV on days 8, 15 & 22
(© 375 mgm’IV days1,8,15& 22
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P -

129 1.3 - 89A 46
130 - Q90A K0.22

5 i - 91A .88 A
56 L3 - 5924 1.1
57 13 - F93A D.36
58 L3 - NO4A D.61
131 L3 - P9SA NDB
132 L3 - Po6A D.18

33 L3 - TA k0.22

Example3

Additional mutations within 2H7 CDR regions
Substitutions of additional residues and combinations of substitutions at COR positions that were
identificd ss iroportant by Ala-scanning were also tested. Several combination variants, particularly v.96
appeared to bind more tightly than v.16.

Table 5. Effects of combinations of mutations snd non-alanine substitutions in the CDR regions of
humanized 2H7.v16 measured using celi-based ELISA (WIL2-S cells). The relative binding to CD20 is
expressed as the concentration of the 2H7.v16 parent over the concentration of the variant required for
equivalent binding; hence a ratio <1 indicates weaker affipity for the variant; a ratio >1 indicates higher
affinity for the variant. Standard deviation in relative affinity dctermination averaged +/- 10%. Framework
substitutions in the variable domains are relative to 2H7.v16 according to the pumbering systsm of Kabat
(Kabat et al., supra).

Dii7  Heavy chain Light chain Relative binding
version substifrtions Euhstiﬁxﬁons
i 6 - - -1~
b6 DS6A, N100A BO2A B,5
b7 99T, N100G, Y100bI - D.99
D3 599G, N100S, Y100bl - 1.6
59 N100G, Y100b1 - D30
101 IN54S, D5S6A - i.7
102 N54K, D56A - D.48
103 DS6A, N100A - b.1
104 599T, N10OG - b.81
105 599G, N100S - n.1
106 IN100G - -1
167 510026, Y100bS -
136 D56A, N100A 5564, S92A 6
37 S6A, N100A A55G, S92ZA 1
156 D56A, NLOQA 526A, S56A, S92A .1
107 DS56A, N100A, Y100b] SO2A not expressed
182 27W -
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peia V27 . - o
g4  F20Y -
185  F29W -
D86  IY32F _
187 [Y32W -
188 N33Q .
189  N3ID -
190 [(N33Y -
191 IN33S .
D0 [H355 .
D09 (A508 -
D10 JASOR -
DIt lASOV -
12 jAsoL .
68 S2W -

69 S2F - D.75
170 [N54D - D.25
171 NS4S - 1.2

72 S6K. - 1
173 S6R -

174  DD56H - h.5

175 S6E - 1.2
13 Ps6S -

D14 DS6G .

D15 SEN -

P16  D56Y -

176 [YSOW -

177 [YS9F -

180  K62R -

181 2D .

178 F63W .

179  F63Y -

is7  [Y97IW - .64

58 lvo7F - 1.2
159 98W - .64

60 Y98F - D.88
106  IN100G -

161 W100cY - 0.05
62  W100cF - D.27
163 F100eY - b.59
164  F100cW - D.71
165  DIOIN - .64
166  $99Q, N100G, $100aD,Y100b deleted ! D.99
17 102Y - 1.0

07 - 34y
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hoz |- . cSa.. . Q89E
193 - SIN
94 |- Q90E
195 - ' OS0N
196 - Woly
197 - WOLF
D05 - 92N
06 - 92G
93 - Fo3Y
199 - FO3W
bod - F93S, N94Y
D00 - POGL
D01 - PO6Y
D02 - POEW
D03 - 96R.
Example 4

Mutations at sites of framework humanization substitutions
Substitutions of additional residues at framework positions that were changed during humanization
were also tested in the 2H7.v16 background. In particular, altemative framework substitutions that were
peither found in the muring 2H7 parent nor the human conscasus framework were made at V(P46) and
Vi(G49, V71, and K73). '
These substitutions generally led to little change in relative binding (Table 6), indicating that there
is some flexibility in framework residues at these positions.

Table 6. Rclative binding in a cell-based (WIL2-S) assay of framework substiations. IgG variants arc
shown with mutations with respect to the 2H7.v16 background. The relative binding is expressed as the
concentration of the 2H7.v6.8 chimera over the concentration of the variant required for equivalent binding;
bence a ratio <] indicates weaker affinity for the variant; a ratio >1 indicates hipher affinity for the variant.
Standard deviation in relative affinity determination averaged +/- 10%. Framework substitutions in the
variable domains are relative to 2H7.v16 according to the numbering system of Kabat (Kabat ct al., supra).
(*) Variants that were assayed with 2H7.vi6 as the standard comparator; relative values arc normalized to
that of the chimera.

7 cavy chain [Light chain Relative binding
version  kubstitutions bubstitutions
8 (chimera) (chimcra) -1-
16 - . D.64
73 KT3R . .72
9 73H - .49
0 K73Q - 0.58
R1 V71T - .42
B2 VT - .58 ]
3 V7 1A - . ]
98 - 32 ]
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the Fe reglon of v.31 is described as “Fc110.” IgG variants are shown with mutations thh rcg)ect tothe
2H7.v16 background. The relative binding is expressed as the concentration of the 2H7 v6 F; chlmcm over
the concentration of the variant required for equivalent binding; hence a ratio <1 indicates weaker affinity
for the variant. Standard deviation in relative affinity determination averaged +/- 10%.

2H7 Fc Relative

version Substitutions™ binding

6.8 - <1-

16 - 0.65

31 S298A, B3334A,K334A 0.62
Example 6

Humanized 2H7 varlants with enhanced stabillty
For development as therapeutic proteins, it is desirable to choose variants that remain stable with
respoct to oxidation, deamidation, or other processes that may affect product quality, in a suitable
formulation buffer. In 2H7.v16, several rosiducs were identified as possible sources of instability: VL
(M32) and VH (M34, N100). Therefore, mutations were introduced at these sitcs for comparison with v16.

Table 8. Relative binding of 2H7 veriants designed for enhanced stability and/or effector function, to CD20
in a cell-based (WIL2-S) assay. IgG variants arc shown with mutations with respect to the 2H7.v16
background. The relative binding is expressed as the concentration of the 2H7.v6.8 chimera over the
concentration of the variant requircd for equivalent binding; hence a ratio <} indicates weaker affinity for
the variant. Standard deviation in relative affinity determination averaged +/- 10%. Framework
substitutions in the variable domains arc relative to 2H7.v16 according to the numbering system of Kabat
and Fc mutations (*) are indicated by EU numbering (Kabat et al., supra). (**) Varients that werc measured
with 2H7.v16 as the standard comparator; relative values arc pormelized to that of the chimera.

Additional F¢ mutations were combined with stability or affinity-enhancing mutations to alter or
enhance effector functions based on previously reported mutations (Idusogic et al. (2000);
Idusogie et al. (2001); Shields et al. (2001)). Thesc changes include 8298, E333A, K334A as described in
Example 5; K322A to reduced CDC activity; D265A to reduce ADCC activity; K326A or K326W to
enhance CDC activity; and E356D/M358L to test the effects of allotypic changes in the Fc region. Nonc of
these mutations caused significant difforences in CD20 binding affinity.

PH7 Heavy chain  [Light chain  Fc changes * Relative

version (V) chenges (V) changes inding |
.8 (chimera) (chimera) - -1-

LG - - - .65

¥ - 21 - .46

63 M341 - - .49

Ha N100A - -

6S N100A [4TW - D.74

H6 99A L ATW - D.62
7 54A - -
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CD20 with 8 differcnces. The extracellular domain contains one change at V157A, while the remaining 7
residues can be found in the cytopla;m;; or trmxsnlcmbrane regions.

Austibodies directed against buman CD20 were assayed for the ability to bind and displace FITC-
conjugated murine 2H7 binding to cynomolgus monkey cells expressing CD20. Twenty milliliters of blood
were drawn from 2 ¢ynomolges monkeys (California Regjonal Research Primate Center, Davis, CA) into
sodium heparin and shipped directly to Genentech Inc,. On the same day, the blood samples were pooled and
dituted 1:1 by the addition of 40 ml of phosphaic buffered saline (PBS). 20 ml of dituted blood was layered
on 4 x 26 m! of Ficoll-Paque ™Plus (Amersham Biosciences, Uppsala, Sweden) in 5¢ ml conical tubes

{Cati#352098, Falcon, Franklin Lakes, NJ) and centrifuged at 1300 rpm for 3¢ minutes R.T. in 2 Sorval 7

centrifige. (Dupont, Newtown, CT). The PBMC Inyer was isolated and washed in PBS. Red blood cclls
were lysed in a 0.2% NaCl solution, restored to isotonicity with an equivalent volume of a 1.6% NaCl
solution, and centrifuged for 10 minutes at 1000 RPM. The PBMC pellet was resuspended in RPMI 1640
(Gibco, Rockville, MD) containing 5% fetal bovine serum (FBS) and dispensed into a 10 cm tissue culture
dish for 1 hour at 37° C. The non-adherent B and T cell populations were removed by aspiration,
centrifuged and counted. A total of 2.4 x 107 cells were recovered. Ths resuspended PBMC were distributed
into twenty 12 x 75 mm culture tubes (Cat¥352053, Falcon), with cach tube containing 1 x 10°cellsina
volume of 0.25 ml. Tubes were divided into four sets of five tubes. To each set was added either media
(RPMI1640, 5% FBS), titrated amounts of control hurean IgGy antibody, Rituxen®, 2H7.v16, or 2H7 v31,
The final concentration of each antibody was 30, 10, 3.3 and 1.1 oM. Tn addition, each tubs alzo received 20
ul of Fluorescein Isothiocyanats (FITC)-conjugated anti-human CD20 (Cat#555622, BD Biosciences, San
Diego, CA). The cells were gently mixed, incubated for 1 hour on ice and then washed twice in cold PBS.
The cell surface staining was analyzed on a Epic XL-MCL (Coulter, Miami, FL), the geometric moans
derived, plotted (KaleidaGraph™, Synergy Software,, Reading, PA) versus antibody concentrations. ..

Data in Figure 21 showed that 2H7 v.16 and 2H7 v.31 competitively displaced FITC-murine 2H7
binding to cynomolgns monkey cells. Furthermore, Rituxan® also disptaced FITC-murine 2H7 binding thus
demonpstrating that both 2H7 and Rituxan® bind to en overdapping epitope on CD20. In addition, the data
show that the ICg; value for 2H7 v.16, 2H7 v.31 and Rituxan are similar and fafl in the 4-6 oM range.

Example 16
Phase VI study of rhuMAb 2H7 QH7.v16) in moderate to severe rheumatold arthritis

Protocol Synopsis

A randomized, placebo-controlled, multicenter, blinded phase Il study of the safety of escalating doses of
PRO70769 (thuMAb 2H7) in subjects with moderate to severe rheumatoid arthritis receiving stable doses of
concomitant methotrexate.

Obfectives

The primary objective of this study is to cvaluate the safety and tolerability of escalating intravenous (IV)
doses of PRO70769 (ruMAb 2H7) in subjects with moderate to sever theumatoid arthritis (RA).
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StudyDesign L hes -

This is a randomized, placeho-controlled, multicenter, blinded Phase L1, investigator- and subject-blinded
study of the safety of escalating doscs of PRO70769 in combination with MTX in subjects with moderate to
sever RA. The study consists of a dose escalation phase and a second phase with earollment of a larger
nurtber of subjects. The Sponsor will remain unblended to treatment assignment.

Subjects with moderate to severe RA who have failed one to five disense-modifying antirhenmatic
drugs or biologics who currently have unsatisfactory clinical responses to trestment with MTX will be
enrollcd.

Subjects will be required to receive MTX in the range of 10-25 mg weckly for at least 12 weeks
prior to study entry and to be on s stable dose for at least 4 wecks before m‘;civing their initial dose of stady
drug (PRO70769 or placebo). Subjects may also receive stable doses of oral corticosteroids (up to 10 mg
daily or predmisone equivalent) and stable doses of nonsteroidal anti-in flammatory drugs (NSAIDs).
Subjects will receive two IV infusions of PRO70769 or placebo equivalent at the indicated dose on Days I
and 15 according to the following dose escalation plan (see Figure 22).

Dosc escalation will occur according to specific criteria (see Dose Escalation Rules) and after
review of safety data by an internal safcty data review committoe and assessment of acute toxicity 72 bours
following the second infusion in the last subject treated in cach cohort. Aftsr the dose escalation phase, 40
additional subjects (32 active and 8 placebo) will be randomized to each of the following dose levels: 2x50
mg, 2x200 mg, 2x500 mg, and 2x1000 mg, if the dose levels have been demonstrated to be tolerable during
the dose escalation phase. Approximately 205 subjects will be enrolled in the stdy,

B-cell counts will be obtaned and recorded (f:)r study asscssments, see Section 4.5 and Appeadix
A-1). B-cell counts will be evaluated vsing flow cytometry in a 48-week follow-up period beyond the 6-
month efficacy evaluation. B-cell depletion will not be considered a dose-limiting toxicity (DLC), but rather
the expected pharmacodynamic outcoms of PRO70769 treatment.

Tn an optional substudy, bloed for' serum and RNA apalyses, as well ag urine samples will be
obtained from subjects at various timepoints (sc¢ Section 3.3.3). These samples may be used to identify
biomarkers that may be predictive of responss to PRO70769 treatment in subjects with moderate to scvere
RA.

Outcome Messures

“The primary cutcome measure for this study is the safety and tolerability of PRO70769 m subjects with

moderate to severe RA,

Study Treatment
Cohorts of subjects will receive two 1V infusions of PRO70769 or placcho equivalent at the indicated dosc
on Days 1 and 15 according to the following escalation plan:

- 10 mg PRO70769 or placebo equivalent: 4 subjects active drug, 1 control

_ 50 mg PRO70769 or placebo equivalent: 8 subjects ective drug, 2 control

- 200 mg PRO70769 or placcbo cquivalent: 8 subjects active drug, 2 control
- 500 mg PRO70769 or placebo equivalent: 8 subjects sotive drug, 2 control
. 1000 mg PRO70769 or placebo equivalent: 8 subjects active drug, 2 control
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Efficacy

-

2T .

The efficacy of PRO707 65; will be measured by ACR responses. The percentage of subjects who
achicve an ACR20, ACRS50, and ACR70 response will be summarized by trestment group and 95%
confidence intervals will be generated for each group. The components of these responsc and their change
from baseline will be summarized by treatment and visit.

Conclusion
The data above demonstrated the success in producing humanized CD20 binding antibodics, in

particular humanized 2H7 antibody variants, that maintained and even cehanced their biological propertics.
The humanized 2H7 antibodies of the invention bound to CD20 at affinities similar to the murine donor and
chimeric 2H7 antibodies and were effectivc at B cell killing in 2 primate, leading to B cell depletion. Certain
variants showed eghanced ADCC over 2 chimeric anti-CD20 antibody currcally used to treat NHL, favoring
the use of lower doscs of the therapeutic antibody in patients. Additional, whercas it may be necessary for a
chimeric antibody that has rurine FR residues to be administered at a dosc effective to achieve complete B
ce)] depletion to obviate an antibody response against it, the present humanized antibodies can be
administered at dosages that achieve partial or camplets B ccll depletion, and for different durations of time,
as desired for the particular disease and patient. In addition, thesc antibodies demonstrated stability in
solution. These properties of the humanized 2H7 antibodies make them ideal for usc as immunotherapeutic
agent in the treatment of CD20 positive cancers and autoimmmne diseases; these antibadies are not expected
to be immunogenic or will at least be less immunogenic than fully niurine or chimeric anti-CD20 antibodies
in human patients.
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WHAT IS CLAIMED 1S: . =z

1. A humanized antibody f:ilat binds human CD20, or an antigen-binding fragment thereof, wherein
the antibody is effective to deplets primate B cells in vivo, the antibody comprising in the H chain Variable
region (Vy) at least a CDR3 sequence of SEQ ID NO. 12 from an anti-human CD20 antibody and
substantially the human consensus framework (FR) residues of haman heavy chain subgroup U (VyIII).

2. 'The antibody of claim 1, further comprising the H chain CDR1 sequence of SEQ ID NO. 10 and
CDR2 scquence of SEQ ID NO. 11.

3. The antibody of claim 2, further comprising the L chain CDR1 soquence of SEQ ID NO. 4, CDR2
sequence of SEQ ID NO. 5, CDR3 sequence of SEQ ID NO. 6 and substaatially the human consensus
framework (FR) residues of human light chain x subgroup I (VkI).

4. The antibody of the preceding claims, comprising the Vi sequence of SEQ ID NO.8 (v16, as shown

in FIG. 1B).

S. The antibody of claim 4, further comprising the Vy sequence of SEQ ID NO.2 (v16, as shown in
FIG. 1A).

6. The antibody of claim 3, wherein the Vi region is joined to a human IgG chain constant region.

7. The antibody of claim &, wherein the human 1gG is 1gG1 or 1gG3.

8. The antibody of claim 1, wherein the antibody is 2H7.v16, having the light and heavy chain amigo
acid sequence of SEQ ID NO. 21 and 22, respectively, [as shown in FIG. 6 and FIG. 7]

9. The antibody of claim 1, wherein the antibody is 2H7.v31 having the light and heavy chain amino
acid sequence of SEQ ID NO. 2 and 23, respectively, [as shown in FIG. 6 and FIG. 8).

10. The antibody of claim 5, but with the amino acid substitutions of D56A and N100A in the H chain
and S92A in the L chain. [v.96]

11. The antibody of any of the preceding claims, further comprising at least one amino acid substitution
in the Fe region that improves ADCC ard/or CDC activity.

12. The antibody of claim 11, wherein the amino acid substitutions are S298A/E333AMK334A.

13. The antibody of claim 12, wherein the antibody is 2H7.v31 having the heavy chain amino acid
sequence of SEQ ID NO. 23 [as shown in FIG. 8).

14. The antibody of any of claims 1-10, further comprising at least one amino acid substitution in the
Fc region that decreases CDC activity.

15. The antibody of any of claim 14, comprising at least the substitution K322A.

16. The antibody of claim 1-10 whercin the antibody is 2H7.v114 or 2H7.v115 having at least 10-fold
improved ADCC activity as compared to Rituxan.

17. The antibody of claim | wherein the primats B celis are from humzn and Cynomolgus monkey.

18. The antibody of amy of the preceding claims conjugated to a cytotoxic agent.

19, The antibody of claim 18 wherein the cytotoxic agentis a radioactive isotope or a toxin

20. The antibody of any of the preceding claims, which agtibody is produced in CHO cells.

21. An isolated nucleic acid that encodes the antibody of any ong of the preceding claims,

22, An expression vector encoding the antibody of any of the preeeding claims.

23. A host cell comprising a nucleic acid of cleim 21.

24. The host ccll of claim 23 that produces the antibody of any one of preceding claims.
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