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I. RECURSO ViA GUBERNATIVA

Yo, Luz Clemencia de Paez, en mi condicién de apoderada de la sociedad solicitante d\
la patente de la referencia, CHUGAI SEIYAKU KABUSHIKI KAISHA, por el present '
escrito atentamente manifiesto a usted que debidamente notificada de la Resolucion Ntb e
19019 del 6 de abril de 2011, interpongo en su contra el recurso de REPOSICION, pa}'
que sea revocada y en consecuencia se conceda el privilegio de patente de mvenmo?ft\xw?
para “ANTAGONISTAS DE INTERLEUKIN-6 Y COMPOSICIONES FARMACEUTICAS

QUE LOS CONTIENEN".

IIl. OPORTUNIDAD DE LA IMPUGNACION

La Resolucion No. 19019 del 6 de abril de 2011, fue notificada mediante edicto
No. 7144 desfijado el 2 de mayo de dos mil once (2011), por lo que el término para
interponer el recurso de reposicién vence el 9 de mayo de 2011. En consecuencia, me
encuentro dentro de la oportunidad legal.

-

NIT. 860.041.367-3
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lli. LA DECISION RECURRIDA

3.1 Mediante la Resolucion objeto de 1a presente impugnacion, el Superintendente de
Industria y Comercio decidié:

3.1.1  Negar el privilegio de patente para la invencion “ANTAGONISTAS DE
INTERLEUKIN-6 Y COMPOSICIONES FARMACEUTICAS QUE LOS
CONTIENEN",

3.2 En la parte motiva de [a providencia, se mencionaron los siguientes fundamentos:

3.21 “Asi las cosas, la reivindicacion 1 resulta obvia para el experto en la materia,
quien enfrentado al problema de obtener composiciones farmacéuticas para el tratamiento
de enfermedades relacionadas con interleukin IL-6, incluiria un anticuerpo monoclonal tal
como PM-1, con el fin de declinar la cantidad de IL-6 que se revela en el documento D3,
logrando de esta forma las composiciones farmacéuticas objeto de esta solicitud”.

3.3 En cuanto a los argumentos presentados por mi representada en favor del nivel

inventivo de la presente solicitud, ese Despacho mencioné lo siguiente:

3.3.1 "El articulo mencionado por la solicitante se refiere a las propiedades de la
interleuquina IL-6, reportadas hacia el afic 1991; sin embargo, en estudios posteriores
como los que se reportaron en el documento D4, se ensefna que las citoquinas IL-6 se

encuentran entre las responsables de las manifestaciones de artritis reumatoide

El documento referenciado no evidencia gue al emplear un anticuerpo anti-IL-6R tal como
PM-1 y metotrexato, sea sinérgico y que ademas no se presenten expresiones negativas
con el uso dichas composiciones, que anulen o disminuyen el efecto sobre las citocinas !l-
SRH-

3.3.2 "El experto en la materia, de acuerdo con sus conocimientos en farmacologia,
utilizaria compuestos gque inhiben la interleuquina IL-6 con un antagonista tal como PM-1y
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un agente anti-reumatico o inmunosupresor como metotrexato para el tratamiento de
artritis reumatoide y los inciuiria en una Gnica composicién farmacéutica. El documento D3
ya ensefiaba las composiciones de PM-1, las cuales se incluirian en composiciones gue
tienen la combinacion de anticuerpos monoclonales con metotrexato (inmunosupresor) en
el tratamiento de la artritis reumatoide, como lo sugiere el documento D4. (D3 Pag 72), y
D2 Fl. 185, D1-columna 23, lineas 1-5). En la solicitud no se aprecia un efec;[o sinérgico
para las composiciones PM-1, que evidencia que supera las demas composiciones ya
conocidas en este campo tecnologico para el tratamiento de artritis reumatoide”.

3.3.3 “Sobre el particular es oportuno precisar que, la disminucidén de las citoquinas IL-6
por parie del metotrexato ya se encontraba divulgado en el documento D3 (Pag. 73),
puesto que es de conocimiento para el experto en la materia, su efecto como anti-
reumatico; ademas, los resultados presentados para la composicion MRA y metotrexato
(MTX) de acuerdo con los cuales esta combinacién es levemente sinérgica, no son
evidencia de que las composiciones que contienen PM-1 y MTX sean también sinérgicas

y que las logren superar”.

3.3.4 “Las ensefianzas del estado de la técnica llevarian al experto en la materia, a
combinar dos ingredientes activos que disminuyen la interleuquina IL-6, para el
tratamiento de la artritis reumatoide, de forma tal que se encuentren en una unica

composicion farmacéutica”.
IV. OBJETO DEL RECURSO

De acuerdo con los argumentos que expongo a continuacion, solicito ,

atentamente a su Despacho lo siguiente:

4.1. Revocar la Resolucion No. 19018 del 6 de abril de 2011.

42. Conceder el privilegio de patente de invencién para “ANTAGONISTAS DE
INTERLEUKIN-6 Y COMPOSICIONES FARMACEUTICAS QUE LOS
CONTIENEN",
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V. FUNDAMENTOS DEL RECURSO

Respetuosamente me permito disentir de lo expuesto por ese Despacho en la
Resolucién objeto del presente recurso, ya que la presente solicitud posee nivel inventivo
a la luz de los documentos “Methotrexate diminishes phlogiston production and
responses” (D3) y US2001/0001663 (D4).

La anterior afirmacion tiene justificacion juridica y técnica por las siguientes
razones:
En primer lugar, deseamos hacer referencia al documento “Combination Therapy in
Rheumatoid Artritis — No Benefit of Addition of Hydroxychloroquine to Patients with a
Suboptimal Response to Intramuscular Gold Therapy” presentado junto con el memorial
de respuesta al Oficio No. 12873, radicado el 5 de abril de 2010, en donde se discute la
terapia de combinacion en el tratamiento de artritis reumatoide, y en los Resultados y en

el Resumen se describe que "el papel de |a terapia de combinacion es controversial”.

Algunas autoridades actualmente abogan el uso rutinario de la terapia de combinacién a o
r 'rvll,""‘ T it B

pesar de la insuficiencia de la evidencia para apoyar su método. Ha habido variog

ensayos abiertos, no controlados, pero muy pocos ensayos controlados para evaluar If :

) .-"
eficacia y seguridad de esta estrategia de tratamiento. La terapia de combinacion de oro @5

“(Vease, 645 pagina, columna izquierda, linea 3 de dicho documento J. Rheumatol. 1993, i -rﬁ
20, 645-647); "Otros estudios controlados de combinacién también han dado resultadosﬁ%%g
”9

negativos” “(Pagina 648, columna de la derecha, linea 21, de dicho documento Jb"&\“w/f
Rheumatol. 1993, 20, 645-647); “Williams, et al. no pudieron demostrar ningln beneficio

de la combinacidn de metotrexato y auranofina sobre la monoterapia. Antes de la
utilizacion de la terapia de combinacién en la Artritis Reumaotide, se vuelve mas
generalizado, ademés se necesita con urgencia ensayos controlados bien construidos”

{Pagina 648, columna derecha, de dicho documento J. Rheumatol. 1993, 20, 645-647).
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Como se puede apreciar de las descripciones mencionadas anteriormente no es claro si
la terapia de combinacién es de hecho efectiva o no, y es claro que una terapia de
combinacion de MTX (metotrexato) y auranofina, que es un agente anti-artritis

reumnatoide, no presenta efectos terapéuticos sobre un tnico uso, es decir la monoterapia.

Adicionalmente, cabe aclarar que no s6lo no se proporciona ventaja mediante el uso de
una combinacién, sino también el usc de la combinacién puede reducir un efecto
proporcionado por la monoterapia, como puede verse a partir de la descripcion “se ha
realizado un estudio de doble ciego de HCQ vs penicilamina vs penicilamina/HCQ
combinado, con el resultado sorprende de la eficacia reducida de la terapia de
combinacion en comparacién con solo penicilamina® (Vedse pagina 648, columna
derecha, linea 23, del documento J. Rheumatol. 1893, 20, 645-647) .

Asi, como se puede observar de lo mencionado anteriormente, es bien sabido en el
estado del arte, que es muy dificil hallar una combinacién que proporcione un efecto
terapeutico mejorado, y por lo tanto, una persona medianamente versada en la
materia no puede esperar que una combinacion de dos agentes para tratar artritis

reumatoide pueda propercionar un efecto sinérgico.

De esta manera, como se puede observar de lo anterior, es muy dificil encontrar una

combinacion que exhiba un efecto sinérgico, y que el uso combinado necesariamente
proporciona un efecto sinérgico.

Por otra parte, deseamos llamar la atencién del Examinador en cuanto a que de acuerdo

con lo mostrado en los Ejemplos de la presente invencién, se ha demostrado bien que un
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efecto terapéutico proporcionado por un usc combinado de un anticuerpo del receptor
anti-IL-6 y metotrexato (MTX), es mayor que el efecto terapéutico proporcionado por el
uso unico de! mismo. Por ejemplo, en la Tabla 3, el ACR70 en un uso Unico de
metotrexato (MTX) es del 16.3%, y el ACR70 en uso Unico de 8 mg/kg de MRA
(anticuerpo del receptor anti-IL-6) es de 15.7%. Por otra parte, e ACR70 en un uso
combinado de 8 mg/kg de MRA + MTX es 36.7%, es decir mayor a la suma de las
monoterapias.

Bajo el entendimiento general que se tiene a partir de lo revelado en el estado del arte y
en la presente invenciéon, con respectc a que un uso combinado de dos diferentes
medicamentos no proporciona necesariamente un efecto aditivo, que un efecto
terapéutico proporcionado por un uso combinado puede no ser diferente del efecto
terapeutico proporcionado por un (nico uso del mismo, y que hay un caso en donde un
efecto terapéutico proporcionado por el uso combinado es menor que un efecto
terapéutico proporcionado por un unico uso, debido a la interferencia de sus efectos, cabe
recalcar que es muy dificil encontrar una combinacion de dos medicamentos que
proporcione un efecto sinérgico.

Aln mas, deseamos poner de presente que, considerando especialmente el efecto in vivo

que incluye el efecto aditivo y el efecto sinérgico, en donde un efecto terapéutico es un

resultado de varias reacciones, una persona medianamente versada en la técnica nof 2

puede considerar que un efecto de uso combinado de dos medicamentos de los cuales:

los mecanismos de accion son diferentes uno del otro, es sinergico, o incluso aditivo. Por

mismos que proporcione el 100% de efecto terapéutico que es un efecto aditivo.

De acuerdo con la presente invencién, como se describié anteriormente, un uso
combinado de (1) metotrexato (MTX), que proporciona 16. 3% en un uso Unico y (2)
ACR70 que proporciona el 15.7%, proporciona 36.7% (efecto sinérgico), que es mayor de
32%, correspondiente al efecto aditivo (=16.3% + 15.7%).
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En consecuencia, contrario a lo afirmado por el Examinador en la Resolucion 19019, el
anterior efecto sinérgico de la presente invencién no se puede esperar de las ensefianzas
encontradas en el estado de |a técnica.

Como prueba adicional para el efecto sinérgico de la presente invencién, deseamos
allegar a este memorial el documento R.N. Maini et al., Arthritis & Rheumatism, 54 (9),
2006, p. 2817-2329, que se basa en el presente invencion. En la pagina 2822, columna
izquierda de dicho documento, se describe que con respecto al DAS (Disease Activity
Score), el indice de remisidn del MTX en monoterapia es del 8%, y que el de la
monoterpapia de 8 mg /kg de MRA es del 17%, mientras que un indice de remision de uso
combinado de 8 mg/kg MRA + MTX es de 34%, que es superior al 25% (=8% + 17%) del
efecto aditivo. De esta manera, deseamos reiterar, que lo anterior es muestra del efecto

sinérgico de la presente invencién.

De otro lado, con respecto a las ensenanzas encontradas en D3, deseamos aclarar que
dicha anterioridad en el parrafo 71, se refiere a “una reduccién en los niveles del factor

reumatoide en pacientes con Artritis Reumatoide tratados con bajas dosis de metotrexato.

empeora la enfermedad. ‘,ﬁwﬁg
Teniendo en cuenta lo anterior, una persona versada en [a materia no encontraria
motivacion alguna para utilizar una combinacién de un anticuerpo del receptor anti-IL-6 y

MTX para el tratamiento de la artritis reumatoide. Ademas, no hay ninguna base en

absoluto para esperar que una combinacién de un anticuerpo del receptor anti-IL-6 y MTX

para tratar la artritis reumatoide, sea util.
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Asi las cosas, deseamos se tenga en cuenta adicionalmente que D3, en el parrafo 75, se
refiere a “la concentracion en suero de IL-6 declina después de la terapia con metotrexato
en asociacion con la mejora de los parametros clinicos en tres estudios, pero no cambid
en los demas “. Esta descripcion significa que como cuestidn basica, no es muy claro si el
nivel de IL-6 se reduce por MTX, y por lo tanto, la disminucidn del nivel IL-6 por MTX no
es conocida comunmente en el estado de la técnica.

Asi entonces, podemos concluir que la Resolucidén acd impugnada fue expedida con
violacion del articulo 18 de la Decision 486 debido a que no era posible derivar de manera

obvia la presente invencién a partir de los documentos mas cercanos del estado del arte
encontrados por su Despacho (D3 y D4).

VI. PETICION

Por todo lo anterior, solicito a ese Despacho lo siguiente:

6.1. Que al considerar las razones precedentes se revoque la decisidn contenida en‘

privilegio de patente de invencion.

- O ¢

6.2. Que se otorgue el privilegio de patente de la solicitud para: ANTAGONISTAS DE t\\"?‘
INTERLEUKIN-6 Y COMPOSICIONES FARMACEUTICAS QUE LOS ,,,

CONTIENEN". AL

Vil. ANEXOS

o Copia del articulo: Genovese ef al., Arthritis & Rheumatism, 50(5), 2004, p.1412-
1419

e Copia del articulo: R.N. Mainini et al., Arthritis & Rheumatism, 54(9), 2006,
p.2817-2329
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Vill. NOMBRE Y DIRECCION
El nombre y la direccion de la sociedad recurrente es el siguiente:

CHUGAI SEIYAKU KABUSHIKI KAISHA
5-1, Ukima 5-chome,

Kita-ku, Tokyo 115-8543

Japan

IX. NOTIFICACIONES

Atentamente manifiesto a usted que recibiré noftificaciones en la Secretaria de su
Despacho ¢ en mi oficina de abogada situada en la Carrera 4°. No. 72-35, piso 4°, de esta
ciudad de _E?ofgoté, D.C.

Sefior Superintendente,
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ARTHRITIS & RHEUMATISM

Vol. 50, No. 5, May 2004, pp 1412-1419
DOT 10.1002/art, 20221

© 2004, American College of Rheumatology

Combination Therapy With Etanercept and Anakinra
in the Treatment of Patients With Rheumatoid Arthritis
Who Have Been Treated Unsuccessfully With Methotrexate

Mark C. Genovese,' Stanley Cohen,? Larry Moreland,? Deborah Lium,* Sean Robbins,*
Richard Newmark,* and Pirow Bekker,* for the 20000223 Study Group

Objective. To determine the potential for additive
or synergistic effects of combination therapy with the
selective antl-tumor necrosis factor a agent etanercept
and the anti-interleukin.1 agent anakinra.

Methods. Two hundred forty-four patients in
whom rheumatoid arthritis (RA) was active despite
methotrexate therapy were treated with subcutaneous
etancreept only (25 mg twice weekly), full-dosage etan-
ercept (25 mg twice weekly) plus anakinra (100 mg/day),
or half-dosage etancrcept (25 mg once weekly) plus
anakinra (100 mg/day) for 6 months in a double-blind
stady at 41 centers in the US. Patients had never
previously received anticytokine therapy. Patient re-
sponse was measured with the American College of
Rheumatology (ACR) core set criteria, n health-related
quality-of-life guestionnaire, and the Disease Activity
Score. Safety was assessed by the number of adverse
cvents and clinical laboratory values. Plasma concen-
trations of both agents and antibody formation against
both agents were also assessed.

Results. Combination therapy with etanercept
plus anakinra provided no treatment bencfit over ctan-
ercept alone, regardless of the regimen, but was associ-

Supported by Amgen, Tnc,, Thousand Oaks, Celifornia.

'Mark C. Genovese, MD: Stanford University, Palo Alto,
California; ?Stanley Cohen, MD: St, Payl Medical Center, Dallas,
Texns; *Larry Moreland, MD: University of Alabama at Birmingham;
“Dcborah Lium, PhD, Scan Robbins, MS, Richard Newmark, PhD,
Pirow Bekker MDD, PhD: Amgen, Thousand Qaks, California. Mem-
bers of the 26000223 Study Group are shown in Appendix A.

Address correspondence to Mark C. Genovese, MD, Stanford
University, 1000 Welch Road, Suite 203, Palo Alto, CA 94304, E-mail:
genovese@stanford.edu. Address reprint requests ta Pirow Bekker,
MD, PhD, Amgen, One Amgen Center Drive, 38-2-B, Thousand Qaks,
CA, 91320.

Drs. Genovese, Cohen, and Moreland have scrved as consult-
ants for Amgen, Inc.

Submitted for publication September 3, 2002; aceepted in
revised form January 29, 2003,

ated with an increased safety risk. Thirty-one percent of
the patients (reated with full-dosage etanercept plus
anakinra achieved an ACR 50% response, compared
with 41% of the patients treated with etanercept only.
This result was not statistically significant (P = 0.914).
The incidence of serious infections (0% for ctanercept
alone, 3.7-7.4% for combination therapy), injection-site
reactions, and neutropenia was increased with combi-
nation therapy. Combination therapy had no effect on
the pharmacokinctics or immunogenicily of either
agent,

Conclusion. Combination therapy with etanercept
and anakinra provides no added benefit and an in-
creased risk compared with etanercept alone and is not
recommended for the treatment of patients with RA.

Rheumatoid arthritis (RA) is a chronic auto-
immune inflammatory disease characterized by inflam-

- mation that often leads to the progressive destruction of
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articular structures and significant disability. The etiol-
0gy of RA remains unclear, but it is thought to be
mediated in part by antigen-driven T cells and macro-
phages that produce interleukin-1 (IL-1) and tumar
necrosis factor o (TNFe), 2 cytokines involved in the
inflammatory cascade (1~3). Specific blockade of these
individual cytokines has recently been shown in large,
place-controlicd trials to be safe and effective in the
treatment of RA (4-9),

Although selective anticytokine therapy has im-
proved patient outcomes, it does not necessarily praduce
disease remission, Thus, the more aggressive treatment
option of combining anticytokine agents has been ex-
plored in animal studies. Combination treatment with
anakinra, a recombinant II-1 receptor antagonist (IL-
1Ra} (Kineret; Amgen, Thousand Qaks, CA), and poly-
cthylene glycol-conjugated soluble TNF receptor type I
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resulted in synergistic improvement in the symptoms of
adjuvant-induced and collagen-induced arthritis in rats
relative to the improvement observed with either agent
alone (10,11). Additive or synergistic impravement was
seen with a variety of dose combinations of each agent,
but synergistic improvement was particularly evident
when suboptimal doses of each agent were given in
combination.

The present study was designed to test the hypothe-
sis that combination therapy with the anti-TNF agent
ctanercept, a soluble TNFe receptor (Enbrel; Amgcn),
and the anti-IL-1 agent anakinra at their approved
dosages would safely provide supcrior efficacy refative to
etanercept alone in patients with RA. Secondarily, the
study examined the possibility that anakinra given with
etanercept at a dosage of 25 mg once weekly (half the
approved weekly dose) would still provide superior
efficacy compared with full-dosage etanercept alone.

PATIENTS AND METHODS

Patients. This study enrolled patients who were at least
18 years old and had a >6-month history of RA, as diagnosed
by the American College of Rheumatology (ACR) classifica-
tion criteria (12). Patients had at least 6 swollen joints and 9
tender/painful joints and at least 2 of the following: moming
stiffness lasting at least 45 minutes, a serum C-reactive protein
(CRPF} level of at least 1.5 mg/dl, or an erythrocyte sedimen-
tation rate (ESR) of at least 28 mm/hour., Patients had received
methotrexate (MTX) for at least 16 weeks, with the dosage
stable at 10-25 mg/week for at least 8 wecks. All patients gave
informed consent, and the study protocol was approved by the
institutional review boards for each study site,

Patients were not eligible to enroll in the study if they
had received any disease-modifying antirheumatic drug other
than MTX within the past 4 weeks, had ever been treated with
anakinra or any protein-based TNFa inhibitor (e.g., staner-
cept, infliximab), had received any intraarticular or systemic
corticosteroid injections within the past 4 weeks, or had a
recent history of significant infection or other important
concurrent illness.

Sludy design and treatment. Patients were randomly
assigned in a 1:1:1 ratio to receive 25 mg of etancrcept twice
weekly plus anakinra placebo once daily, 25 mg of eianercept
once weekly plus 100 mg of anskinra daily, or 25 mg of
ctanercept twice weekly plus 100 mg of anakinra once daily
(hereafter referred to a etanercept only, half-dosage etaner-
cept plus anzkinra, and full-dosage etanercept plus snakinra,
respectively), Both etanercept and anakinra were administered
subcutancously for 24 weeks. In order to blind patients to the
treatment assignment, additional sham injections of ctanercept
were administered as necessary, so that all patients received
twice weekly injections of etancrcepisham and once daily
injections of anakinra or matched placebo. Patients continued
to receive stable doses of MTX and other medications (c.g.,
corticosteroids) throughout the study. After screening, paticnts
were evaluated at baseline (day 1) and at weeks 2, 4, §, 12, 16,
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20, and 24, with followup evaluation 4 weeks afier completion
or a1 the time of early discontinuation.

Endogenous human IL-1Ra was isclated, purified, and
produced by recombinant DNA technology using Escherichia
coli fermentation. The resulting product, anakinra, is identical
to the naturally occurring nonglycosylated form of human
IL-1Ra except for the addition of an N-terminal methionine
residue. Anakinra was provided by Amgen in single-use vials as
a liguid containing 1 ml of 100 mp/m! anakinra. The formula-
tion consisted of sodium citrate, sodium chioride, disodium
EDTA, and polysorbate 80. The placebo formulation was the
same, but without anakinra. Both solutions were pH 6.5,

Etanercept is a soluble TNF receptor fusion protein
produced by recombinant DNA technology in a Chinese
hamster avary mammalian cell expression system. Etanercept
was supplied by Amgen in 25-mg single-ust vials containing
etancreept lyophilized powder, mannitol, sucrose, and
tromethamine. After teconstitution with bacteriostatic water,
the solution had a mean (£5D) pH of 7.4 + 0.3.

Efficacy assessment. At every study visit, patients were
assessed for the components of the ACR core sct of disease
activity measures (13), the modified Disease Activity Score
(DAS} (14), the European League Against Rheumatism (EU-
LAR) response (14), and the duration of morning stiffness. A
health-related quality-of-life evaluation with the Short Form
36 (SF-36) healthy survey (15) was performed at baseline and
at weeks 4, 12, and 24 (or at the time of early termination).

The primary cnd point was the proportion of patients
achieving an ACR 50% (ACRS0) response (16) at week 24.
Secondary efficacy end points included the ACR20 and
ACRT0 response rates at week 24, the ACR response at week
12, the sustained ACR20 response (response for at least 4
monthly measurements, not necessarily consecutive, with 1
oceurring at month 6), a good or moderate EULAR response
at week 24, improvement in the ACR. core criteria COmpo-
nents, duration of morning stiffness, the DAS, and the SF-36
score.

Patients were considercd ACRS0 responders if they
had at teast 2 50% reduction in the number of tender ang
swollen foints and in 3 of the following 5 measures: patient’s
assessment of disease activity by visual analog scale (VAS),
physician’s assessment of disease activity by VAS, patient’s
assessment of pain by VAS, the disability score as measured by
the Health Assessment Questionnaire (17), and acute-phase
reactants (CRP or ESR). The joint counts (66 joints evaluated
for swelling, and 68 joints evaluated for tenderness/pain) were
assessed by the same qualified independent assessors at cach
study center throughout the study. To preserve blinding of the
study, injection sites were covered with clothing during the
Joint counts te insure that the assessors would not be infly-
enced by injection-site reactions.

Safety and pharmacekinetic assesstent. Safety assess-
ment data that were collected at every study visit were the
number of adverse events/mfectious events and the clinical
faboratory values. An adverse cvent was defined as follows:
“Any untoward medical occurrence in a patient or clinical
investigation subject administered a pharmaceutical product
and which does not necessarily have to have a causal relation-
ship with this treatment” (18). A serious adverse event was
defined as follows: “Any untoward medical occurrence that at
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Table 1, Baseline characteristics of study patients*

GENOVESE ET AL

Half-dosage Full-dosage
Etanercep! only elanercept + anakinra elancreept + anakinra
Characteristic {n = 80) (n = 81) {n = 81)
% female 825 716 778
9 white race 863 778 753
Age, years 544 £ 136 538+ 11.8 5572130
%0 age & 65 years 25.0 185 20.6
Weight, kg 5 x18 §2x21 8023
Duration of RA, years 97+94 9.5 +103 10698 ‘
% rheumatoid factor positive 65.0 753 76
% receiving corticosteroids 43.8 543 444
NSAID use, % 9683 95.1 953
MTX dossge, mghweek 161 4,5 162+ 4.2 15.7= 5.0
No. of tender/paintul joints N0 142 31,0+ 154 359+ 149
No. of swollen joints 214 294 19.8 = 8.6 234120
HAQ score 1L5+06 15206 1.6+ 06
Serum CRE, mg/dl 20x22 2435 20%25
ESE, mm/hour 44.6 = 21.51 49.2 = 2281 49.9 + 23,94
Duration of moming stiffhess, minutes 145.3 = 102.3 154.4 = 162.1 159.5 = 1340
SF-36 score
Physical component 287+9.7 28879 29.1+79
Mental component 469+ 123 419109 445+ 119

* Except where indicated otherwise, values are the mean + SD. Etancrcept anly = etanercept 25 mg twice weekly;
half-dosage etanercept + anakinra = etamercept 25 mp once weekly plus anakinra 100 mg daily; full-dosage
ctanercept + anakinre = etanercept 25 mpg twice weekly plus anakinra 100 mg daily; RA = rheumatoid acthritis;
NSAID = nonstercidal entiinflammatory drug; MTX = methotrexate; HAQ = Health Assessment Questionnaire;
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; SF-36 = Short Foren 36.

any dose results in death, is life threatening, requires inpatient
hospitalization or prolongation of existing hospitalization, re-
sults in persistent or significant disability/incapacity, or is a
congenital anomaly/birth defect” (18).

Blood samples were collected for measurement of
plasme anakinra and ctanerccpt concentrations (at baseline
and wecks 4, 12, and 24 [or at the time of early termination])
and anti-anakinra and anti-etanercept antibodies (at baseline
and weeks 12 and 24 [or at the time of early termination]).
Plasma anakinra concentrations were assessed by antibody-
capture enzyme-linked immunoassay (ELISA), and plasma
etanercept concentrations were assessed by a solid-phase sand-
wich ELISA kit. Antibody samples testing positive in a sereen-
ing binsensor immunoassay (Blacore, Uppsala, Sweden} were
retested for neutralizing antibodies, using a bioassay.

Stntjstical analysis. Resullts were analyzed using a
modified intent-to-treat method that included all randomized
patients who received at least 1 dose each of anakinra/placebo
and ctanercept/sham. Patients with missing ACR scores at a
particular visit were considered nonresponders at that visit.

The primary comparison was the full-dosage etaner-
cept plus anakinra group against the etanercept-only group,
The analysis was 1-tailed for the primary comparison and
2-tailed for the secondary comparisons, Odds ratios (ORs) and
their confidence intervals (Cls) were calculated for compari-
sons between groups, Binary efficacy end points were analyzed
using a logistic regression model. Continuous end points were
analyzed over time using 2 repeated-measures mixed model,

Adverse events were tabulated for comparison across
treatment growps, and semmary statistics were calcutated for
laboratory values,

RESULTS

Characteristies of the study patients, The base-
line demographics and disease characteristics of the
patients arc shown in Table 1. Most of the patients were
women with long-standing and very active disease. Char-
acteristics were balanced across treatment proups. Com-

244 patlents assigned 0
veatrnt
242 patlenls roceliad
akdy madication
|
[ | 1
81 assigned 1 21 assignod to
80 assigred o
stanercept 25 mg OwW - elangroopt 26 mg BIW +
Slarsrcant 25 mg BIW analdrra 100 mg QD ansidnra 100 g QT
5 B “c;:m 15%:::1“«3:&“(
it withdrtn (T} e withairgwn {7
g‘"h';“:.m'a';" ] Adverss events (T} Adversa avonts (8) !
Cher reasans (1) Other ransany (2)
75 {93%) completed &3 (T0%) complaind 68 (BO%) campleted
24wk 24 wit 24w

Flgure 1. Disposition of patients. Other reasons for premanire with-
drawal included protocol vielations and patlents being lost ta followup.
BIW = twice weekly; QW = once weeldy; QD = ance daily,
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Figure 2. Pereent of patients achieving an American College of
Rheumatalogy 20% (ACR20), ACRSO, or ACRTO response at week
24. BIW = twice weekly; QW = once weekly.

pletion rates ranged from 78% to 93%, with the highest
rate in the etanercept-only group (Figure 1). Signifi-
cantly fewer paticnts in this group withdrew as a result of
adverse events compared with the combination-therapy
groups.

Efficacy results. Patients in all treatment groups
showed improvement from baseline at week 24 (Figure
2). Therapy in the etanercept-only group resulted in an
ACRS0 of 41%, compared with 31% in the full-dosage
etancrcept plus anakinra group (P = 0.914, by 1-tailed
t-test). The OR for achieving an ACR50 response in the
full-dosage etanercept plus anakinra .group relative to
that in the etanercept-only group was 0.64 (90% CI
0.37-1.09). The OR for achieving an ACR50 response in
the etanercept-only group relative to that in the half-
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dosage etanercept plus anakinra group was 1.11 (95% CI
0.59-2.09). For the comparison of patients in the full-
dosage (twice weekly) combination-therapy group rela-
tive to those in the low-dosage (once weekly) combina-
tion therapy group, the OR was 0.71 (95% CI 0.37-1.39).

Because the dropout rate was higher in the
groups receiving combination therapy, it was important
to determine whether this influenced the efficacy results,
Sensitivity analyses, including a completers analysis (all
patients who completed the study) and a last observation
carried forward analysis, yielded results similar to those
observed in the modified intent-to-treat analysis {data
not shown), indicating that differential dropout rates did
not influence the outcome. In addition, results were
unaffected when they were adjusted for baseline covari-
ates (data not shown),

Evaluation of the ACR20 and ACR70 response
rates confirmed that combination therapy was not supe-
rior to etancreept alone. The only comparison yielding a
statisticatly significant difference between treatments
indicated that at week 24, the ACR20 response of
patients treated with etanercept alone was superior to
that of patients treated with etanercept once weekly plus
anakinra (OR 1.98, 95% CI 1.05-3.78; P = 0.037).

Between 43% and 54% of patients in each treat-
-ment group achieved a sustained ACR20 response dur-
ing the study, and most patients achieved a EULAR
response at.week 24 (79% of patients in etanercept-only
group, 73% of those in the full-dosage etanercept plus
anakinra group, and 66% of patients in the half-dosage
etanercept plus anakinra group received a good or
moderate rating). At week 24, the mean percent reduc-
tion from baseline in the DAS was 39% in the

25 mg Etanarcept BIW + 25 mg Etansrcapt BIW + 25 my Etanercapl QW +
100 mg Anakinta QD Anakinra Placebo 100 mg Anakinra QD
(n=78) {n =80} {n=79)

1900 1

[

Plasma Etanarcept Conc. (ngfml)
g
L ]

g
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48 90° 144 102 240 288 336 0
Timo Postdose ()
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Figure 3. Tndividual plasma ctanercept concentrations (Conc), Because the results at each week indicated that
the pharmacokinetic steady state of ctanercept was reached by week 4, the data for all visits (weeks 4, 12, and 24)
were pooled for analysis, BIW = twice weekly; QW = once weekly; QD = once daily; h —~ hours.
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Figore 4, Individual plasma anakinea concentrations. Because the results at each week indicated that the

pharmacokinetic steady state of anakinra was reached by

pooled for analysis. See Figure 3 for definitions.

etancrcept-only group, 40% in the half-dosage etaner-
cept plus anakinra group, and 41% in the full-dasage
etanercept plus anakinra group. Radiographs were not
obtained in this study.

Pharmacokinetics. Plasma concentrations for
weeks 4, 12, and 24 indicated that the pharmacokinetic
steady state was reached by week 4 for both etanercept
and anakinra, and thus the data for all visits were pooled
for analysis. The pharmacokinetics of each agent ap-
peared unaffected by the concomitant administration of
the other (Figures 3 and 4). Plasma concentrations of
anakinra and etanercept were similar to those observed

Table 2, Incidence of adverse events dering treatment™

week 4, the data for all visits (weeks 4, 12, and 24) were

in previous studies of anakinra or ctanercept alone
(Genovese. MC, et al: unpublished observations).

Safety. The proportion of patients reporting ad-
verse cvents was similar for each treatment group (90-
95%) (Tablc 2). However, combination therapy with
anakinra and etanerccpt was associated with a higher
overall incidence of scrious adverse events, events caus-
ing patient withdrawal from study, and injection-site
reactions.

Serious adversc cvents were generally individual
occurrences, with no single category of event accounting
for the increase observed with combination therapy

Half-dosage Full-dosage
Etanercept only etanercept + anakinra etanercept + anakinre
Event (n = 80) (n = 81) {n=81)
Any adverse event 72 (90.0} TTO51 76 (93.8)
Most common adverse events
Injection-site reaction 32(40.0) 55 (67.9) 57(10.4)
Upper respiratory infection 16 (20.0) 9 (11.1) 11 (13.6)

- Any adverse event causing withdrawal 0 (0) 7(8.6) 6(7.4)
Any serious adverse event 2(2.5) 4(4.9) 12 (14.8)
Any infection 12 (40.0) 30 (37.0) 38 (46.9)

Infection resulting in antibiotic 0(0.0) 3037 6(7.4)
administration or hospitalization

Infection leading to withdrawal 0{0.0% 2(25) 225

Serious infection 0(0) 3(37) 6§ (7.4)
Serious preumonia 0 (0) 1(1.2) 2(2.5)
Serious cellulitis LI{1)] 1{1.2) 2(2.5)

* Values are the number (%) of patients. Sce Table | for definitions.
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Table 3. Serious adverse events that occurred duting the study”

Half-dosage Full-dosnge
Etanercept anly ctanercept + anakinra ctanercept + anakinra
Event (n=80) (n = 81) (n =81
Cellulitis 0 (0) 1(1.2) 2(2.5)
Pneumonia 8{0 1(1.2) 1(12)
Pneumonin and pulmanary fibrosis 0(0) ¢(0) 1(1.2)
leading to respiratory insufficiency

Gastroenterilis 0¢0) 0 (0} 161.2)
Herpes zoster 0(0) 0(0 1{1.2)
Lymphoma, maligrant 0{m 0(0) 1(1.2)
Nexralgia 0{0) 0 (0) 1(12)
Back pain {0) 0{0) 1(12)
Chest pain, cardiac 0(0) U (1)] 1(1.2)
Chest pain, noncardiac 0(0) 0(m 1(1.2)
Pyelonephritis . 0(0) 0(0) 1(1.2)
Transient ischemic attack ()] 0(0) 1{12)
Arrhythmia, atrial 1(1.3) 0(0) 0(0)

Dyspnea 0 () 1(12) a(0)

Gastric ulcer, hemorrhage 0(0) 1(1.2) a{0)

Personality disorder 1(1.3) 0(0) 0 (0)

Pneumonitis o(0) 10(1.2) (1 (0)]

* Values are the number (%) of patients, Sec Tabls 1 for definitions

(Table 3). However, infections accounted for serious
evenls in 9 of 16 patients receiving combination therapy.
The reported serious infections were as follows: pneu-
monia and cellulitis (3 patients each), herpes zoster (1
patient), pneumonitis (1 patient), and pyelonephritis (1
patieat). One 70-year-old patient with pulmonary fibro-
sis was diagnosed as having pneumonia and died of
pulmonary insufficiency. Serious infections occurred an
average of 2 months after exposure to combination
treatment (range 1 week to 5 months) in patients whose
mean age was 60 years (range 42-77 years). No cases of
tuberculosis or apportunistic infections were reported,

The incidence of injection-site reactions was
more than 50% higher with combination therapy than
with etanercept alone. These rcactions were transient,
rarely severe (a combined incidence of 2% in the
combination-therapy groups), and typically involved no
clinical sequelae. However, they were the most common
cause of adverse cvent-related withdrawal during the
study for patients receiving combination therapy, ‘ac-
counting for 5 of 13 adverse event-related withdrawals.
Injection-sitc reactions were less likely to occur after the
first month of therapy.

The mean neutrophil counts decrcased to a sim-
ilar extent in all 3 groups within the first 2 weeks of
initiating treatment but rerained stable thereafter. Two
patients in the full-dosage etanercept plus anakinra
group experienced neutropenia (neutrophil count
<1.0 x 10%iter) during the study. Both patients com-
pleted the study, and no clinical events were associated

with the neutropenia. No subjects had changes in the
neutrophil count that appeared to be associated with
their serious infectious episodes. None of the subjects
who experienced serious infectious episodes cxperi-
enced neutropenia. No other clinically significant trends
in the laboratory results were apparent. Three palients
receiving anakinra and no patients receiving etanercept
had evidence of potentially neutralizing anti-anakinra
and antj-ctanercept antibodies, respectively. The pres-
cnce of antibodies had no apparent effect on efficacy or
safety.

DISCUSSION

The clinical hypothesis for this study, that com-
bination treatment with sclective anticytokine therapies
(etancreept and anakinra) would safely pravide superior
improvement in the signs and symptoms of RA com-
pared with etanercept alone, proved false. Analyses of
the primary efficacy end point, the ACR50 response at
week 24, showed no significant differences between
groups regardless of the combination regimen used
{etanercept twice weekly or once weekly). In faet, pa-
tients who received etanercept only in this study had the
highest ACR responses, similar to those seen in previous
studies of etanercept (4,8), and encountered the fewest
safety problems.

Results of preclinical experiments suggested that
simultaneous blackade of IL-1 and TNFa& would be
more effective than either approach alone in inhibiting
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progressior: of RA, with a combination of suboptimal
doses of each anticytokine agent providing a synergistic
cffect. The reasons for the discrepancy between the
preclinical and clinical results are unclear, but several
theories present themselves. First, there may have been
a negative interaction between the compounds. This
. theory seems unlikely, because the pharmacokinetic
results show that plasma concentrations for both agents
remained unchanged relative to observations far each
agent inde pendently. Also, anakinra is eliminated re-
nally (19-21), while ctanercept is eliminated by the
Kupiffer cells of the liver (Genovese MC, et al: unpub-
lished obsevations). It is also unlikely that anakinra and
ctancreept would bind and block the effect of each
ather.

Second, anti-anakinra antibodies could be re-
sponsible for the lack of benefit of combination therapy.
This toois unlikely, because a low percentage of patients
had potentially newtralizing anti-anakinra antibodies,
and the antibody results from this study were consistent
with the antibody data from other anakinra studies in
which efficacy was demonstrated. Third, anti-TNF ther-
apy could have down-regulated 1L-1 expression, render-
ing any impact of anti-IL-1 therapy negligible. This
remains a passibility, although it would not explain the
inconsistency between the clinical and preclinical results.
Fourth, the degree of overlap and interplay between
IL-1 and TNF may leave little room for improvement
beyond the cfficacy attainable with an effective TNF
inhibitor. This is an intriguing possibility that requires
further study.

The safety results for this study showed that
combination anticytokine thetapy was associated with a
higher incidence of serigus infections than was observed
with the use of etancrcept alone. These results are
comparable with what was previously reported in a small
open-label study of the combination of etanercept and
anakinra (22). Many patients in this study were receiving
a combination of 4 potentially immunosuppressive
agents, including corticosteroids, MTX, anakinra, and
ctancrcept, all of which could have contributed to this
finding, Combination therapy was also more commonly
associated with neutropenia, which is probably not sur-
prising because decreases in the neutrophil count have
been associated with both etanercept and anakinra
(Genovese MC, et al: unpublished observations). It is
notable, however, that in this study neutropenia was not
associated with the risk of serious infection,

These results suggest that use of combination
treatment with anakinra and etanercept is not justified
in patients with RA who are naive to biologic therapy.

GENOVESE ET AL

However, the possibility that combination anticytokine
treatment could benefit certain patients cannot be ex-
cluded based on this relatively small study. The response
to combination therapy might be different in patients
with partial or inadequate responses to prior anticyto-
kine treatment, for example, although the safety con-
cerns raised by this study would remain. Furthermore,
these results do not preciude the possibility of successful
combination therapy with future agents selectively
blocking other pathways.

Overall, the results from this study provide no
evidence of an additional treatment benefit of combina.
tion therapy with etanercept plus anakinra in patients
with active RA despite the use of MTX. In fact, the
combination posed an increased risk of scrious infection
and neutropenia. Treatment with etanercept or anakinra
alone, or either agent in combination with MTX, has
been demonstrated to be cffective and safe in previous
studies, and the findings from this study do not affect the
profiles of the individual éompounds, The findings do
raise important questions about the role of each of these
cytokines in the pathophysiclogy of RA and other
inflammatory diseases. The development of anticytokine
therapies has epitomized the translation of rescarch
from bench to bedside, and the tesults of this study
highlight the need to translate thesc results back to the
bench to better understand the interrelationship of these
cytokines in human discase and to explain the incongru-
ity of the preclinical and clinical findings.
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Double-Blind Randomized Controlled Clinical Trial of
the Interleukin-6 Receptor Antagonist, Tocilizumab, in
European Patients With Rheumatoid Arthritis Who
Had an Incomplete Response to Methotrexate

R. N. Maini,! P. C. Taylor,' J. Szechinski,2 K. Pavelka,? J. Broll* G. Balint,” P. Emery,®
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Objective. To establish {he safety and efficacy of
repeat infusions of tocilizomnl (previsusly known as
MRA), a humanized anfi-interlenkin-6 (TL-6) receptor
auiibody, alone and in combination with methofvexale
{MTX), for 1he treaiment of chenmatoid arlhrifis (RA).

Methods. The study group comprised 359 patients
with active RA in whom the ‘response to MTX was
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inadequate. During a stabilization period, (hese pa-
Lients received their current dose of MTX for af lcast 4
weeks. Following stabilization, they were randomized to
I of 7 treatment arms, as follows: tecilizumab at doses of
2 mgfkg, 4 mg/ky, or 8 mg/kg either as monotherapy or
in combination with MIX, or MTX plus placebo.
Results. A 20% response (improvement) accord-
ing to the American College of Rheumatology criteria
(ACR20 response) was achicved by 61% and 63% of
patients receiving 4 mgfkg and 8 mgfkg of tocilizumal as
wmenotherapy, respectively, and by 63% and 74% of
palients receiving those doses of tocilizumal plus MTX,
respectively, eompared with 41% of patients receiving
placebe plus MTX. Statistically significant ACR50 ang
ACR70 responses were observed in paticnts receiving
combination thernpy with either 4 mgfkp or 8 mpfkg of
tocilizomab plus MTX (P < 0.05). A dose-related reduc-
tion in the Disease Activity Score in 28 joints was
observed from week 4 onward, in all patients except
those receiving monotherapy with 2 mg/kg of tocili-
Zumab. In the majority of patients who received 8 mg/kg
of tociliznnab, the C-reactive protein levelferythrocyle
sedimentation rafe normalized, while placebo plus MTYX
had little effect on (hese laboralory parameters. Tocili-
zumab was mostly well tolerated, with a safety profile
similar to that of other biolagic and immun esuppressive
therapies. Alanine transaminase and aspartate
transaminase levels followed a sawtooth pattern (rising
and falling between infusions). There were moderate bt
reversible increases in the nonfasting tutal cholesterol
and triglyceride levels and reversible reductions in the
high-density lipoprotein cholesterel and neuwtrophil ley-
els. There were 2 cases of sepsis, both of which occurred
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in patients who were receiving combination therapy with
8 mg/leg of tocilizumab plus MTX.

Conclusion. These results indicate that targeted
blockude of TL-6 signaling is 2 highly eflicacious and
promising means of decreasing discase aclivity in RA.

Interleukin-6 (IL-6) is a proinflammatory cyto-
kine that is abundantly expressed in patients with rheu-
matoid arthritis (RA} and is detectable in the joints and
circulation of such patients during active phases of the
disease (1-4). IL-6 binds to its soluble and membrane-
‘bound receptors, and their interaction with gpl30 trans-
duces intracellular signals that mediate gene activation
and a wide range of biologic activities (5). Preclinical
and human studics have demonstrated IL-6 activities
relevant to RA. These include the differentation of B
cells into immunoglobulin-secreting plasma cells, activa-
tion of T cells, induction of acute-phase proteins by
hepatocytes, and production of platelets (6-9). JL-6
induces the recruitment of chemokines and leukocytes
(10) and has been shown to induce proliferation of
synovial fibroblasts (11). In addition, IL-6 has a pro-
found effect on bone and can induce osteoclast differ-
entiation and activation in vitro (12), IL-6 appears also
to be involved in damage to cartilage, by decreasing
aggrecan protein and type 1I collagen production by
chondrocytes (13). The inflammatory destructive effects
of IL-6 have been validated, with data in animals sug-
gesting an important role of 1L-6 in the induction and
maintenance of chironic synovial inflammation (14-16).
IL-6 gene~knockout mice have been demansirated to be
protected from arthritis (17). Because of the key role
played by IL-6 in several phenomena typical of RA, IL-6
is a candidate target for therapeutic inhibition as a novel
approach (o the treatment of RA.

Monoclonal antibodies (infliximab and adali-
mumab) and a soluble tumor necrosis factor (TNF)
receptor fusion protein (etanercept), which inhibit an-
other projnflammatory cytokine TNF, have become
established as effective options for the treatment of RA,
especially in patients who cxperience an inadequate
response to disease-modifying antirheumatic drugs
(DMARDs), including mcthotrexate (MTX) (18). The
efficacy of anti-TNF therapy is increased by concomitant
treatment with MTX (19,20). Nonetheless, 20-40% of
patients have an inadequate response to such {reatment,
and there is an unmet need for new therapeutic inter-
ventions with new modes of action for the treatment
of RA.

Tocilizumab (previously known as MRA) is one
of the molecules in development that offers a new
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mechanism of action. Tocilizumab, a humanized anti-
human IL-6 receptor antibady of the IgG1 subclass, was
developed collaboratively by Osaka University and Chu-
gai Pharmaceutical Company Ltd (Japan). Tacilizumab
is humanized by the grafting of complementarity-
determining regions of a mouse anti-human IL-6 recep-
tor monaclonal antibody onto human IgGl, using re-
combinant DNA technology. Tacilizumab has been
shown to compete for both the membrane-bound and
soluble forms of human FL-6 receptor, thus inhibiting
the binding of IL-6 to its receptors and ifs proinflamma-
tory activity. Short-term clinical trials of tocilizumab in
adult-onsct RA and systemic-onset juvenile idjopathic
arthritis have demanstrated acceptable safety and signif-
icant efficacy (21-24).

The objective of this multicenter randomized
clinical trial (the Chugai Humanized Anti-Human
Recombinant Interleukin-6 Monoclonal Antibody
[CHARISMA] study) was to establish the safety and
ctficacy of repeat infusions of tocilizumab, alone and in
combination with MTX, in paticnts with cstablished RA
in whom the response to MTX was inadequate and who
had continuing disease activity. Tocilizumab was uged
either as monotherapy (by discontinuation of MTX) or
concomitantly with MTX therapy and compared with
placebo infusions in patients who continued to receive a
fixed dose of MTX during this 20-week study,

PATIENTS AND METIIODS

Role of the fundiug source, Chugai Pharma Europe (2
member of the Roche Group) provided funding for the trial
and was responsible far supply of the study wedication (active
and placebo), for data processing and management, statistical
analysis, and consulting via a clinical research organization
(Covance}, for ongoing medical safety reviews, and for report-
ing of serious adverse events, Dr. Maini was responsible for the
trial design and manuseript preparation. Both Chugai and
Roche Pharmaceuticals checked and approved the submitted
manuscript.

Patient and {reatment protocol. In this randomized,
deuble-blind, controlled trial, the study group comprised 359
patients fulfilling the American College of Rheumatology
(ACR; formerly, the American Rheumatism Association) re-
vised criteria for a diagnosis of RA (25); all patients had active
disease, had expericnced an inadequate response to MTX, and
had been stabilized on their current dose of MTX for at least
4 weeks before randomization. Three groups of patients re-
ceived intravenous infusions of tocilizumab (2 miglkg, 4 mg/ke,
and 8 mgfkg, respectively) every 4 weeks, plus MTX placebo
once weekly. Another 3 proups of patients received jntrave-
nous infusions of tocilizumab (2 mg/kg, 4 mg/kg, and 8 my/kg,
respectively) every 4 weeks, plus MTX once weekly, A control
group reeeived placebo infusions every 4 weeks and MTX once
weckly, Thus, all patients received a total of 4 infusions of
tocilizumab or tocilizumab placeba once cvery 4 weeks, to-
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gether with 10-25 mg of MTX or MTX placebo cach week.
End point efficacy evaluations were performed at week 16;
followup cvaluations for safety were performed at week 20,
after which patients were no longer monitored. A total of 359
patients from 57 theumatology centers in Europe were rndom-
ized to participate in this study. Members of the CHARISMA
Study Group and the European countries involved are shown
in Appendix A.

Randomization was performed centrally. When a pa-
tient was cligible for randomization into the study, an interac-
tive voice response system was used to allocate treatment, by
determining inchusion into the group that would minimize any
imbalances between MTX dose leve) at baseline and between
patients from a center. All patients and investigators were
biinded to the study treatments.

Tocilizumab or placebo {an agueous solution of su-
crose and polysorbate 80, resembling the active treatment) was
diluted in normal saline and administered by intravenous
infusion over 1 hour. Pre-prepared capsules containing 10-mg,
12.5-mg, 15-mg, 17.5-mg, 20-mg, 22.5-mg, and 25-mg doses of
MTX were blinded by over-capsulation using a lactose filler;
the matching placebo capsules contained only filler.

The MTX dose remained unchanged for at least 4
weeks prior to bascline and throughout the study. Patients at
all centers were supplied (scparately, from the same source) 5
mg of folic acid weekly, for the duration of (he study. Patients
randomly allocated to receive tocilizumab monotherapy were
switched 1o MTX placebo on day 0.

Inclusion criteria were a diagnosis of RA according to
the ACR revised criteria (25), disease duration of at least 6
months, active discase (defined as =G tender joints and =6
swollen joints, based on a 28-joint count), an erythrocyte
sedimentation rate (ESR) 228 mm/our, andfor a C-reactive
protein {CRP) level 1.0 mg/dl. Patients must also have shown
an inadequate response to MTX or a disease flare while
receiving MTX (at a dosage of 10-25 mg weekly) during a
minimum of 6 months of therapy. An inadequate response was
defined as the presence of active disense, a5 described above,
despite MTX therapy. If patients required concomitant Lreat-
ment with nonsteroidal antiinflammatory drugs and/or oral
sterojds, the dose must have been stable for at fcast 4 weeks
prior to study cntry and during the course of the study (for
steroids, =10 mg prednisolone or equivalent).

Exclusion criteria included leukopenia (white blood
cell count <4.0 X 10%liter, absolute ncutrophil count <2.0 X
10%fliter) andfor thrombocytopenia (platelet count <150 X
10°fliter), any hepatic dysfunction as shown by aspartate
transaminase (AST) and alanine transaminase (ALT) levels
>1.5-fold the upper limit of normal or significant renal impair-
ment (serum creatinine level >1.5-fold the upper limit of
normal). Patients who received DMARDs (excluding MTX)
within 4 weeks prior to the start of the study were excluded, as
were patients who received anti-TNF agents within 12 weeks or
Teflunomide within 6 months of infusion of study medication.

Ethical approval was obtained from the appropriate
authoritics in cach country, and cach patient gave informed
consent. The first patient was enrolled on May 14, 2001, and
the final paticnt exited the study on September 3, 2002.

Efficacy assessments. The primary clinical end point
was the percentage of patients who achieved improvement of
20% according to the ACR criteria (ACR20 respanse) at week
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16; secondary end points included the ACRS( and ACRT0
responses (26). For the analysis of efficacy (i.e., the ACR20
response at 16 weeks), all patients who withdrew before the
week 16 assessment because of lack of efficacy were included
in the analysis as nonrcspenders, as per protocol. For paticnts
who withdrew for other reasons, the last recorded assessment
of the ACRI0 response was carried forward,

Other secondary end points included percent and
absolute change from bascline in individual discase aclivity
measures (swollen joint count, tender joint count, Pphysician’s
global assessment of disease activily, paticnt's plobal assess-
ment of disease activity, patient’s pain score, ESR, CRP level,
and Health Assessment Questionnaire [HAQ] scorc), as well
as changes in the duration of early morning stiffness, and the
Disease Activity Score in 28 joints (DAS28) (27). In this study,
the DAS28 was caleulated using the ESR, according to a
previously described formula (28). Remission was defined
according Io the European League Against Rheumatism
{EULAR) definition of a DAS28 score <2.6 (29).

Safety assessmenls, Safety assessments included phys-
ical examinations, pre- and postdose clectrocardiograms, and
laboratory analyses of hematology, serum binchemistry, coag-
ulation, immunologic parameters, and urine. Adverse events
were recorded throughout the study, A treatment-emergent
adverse event was defired as any adverse event that ocaurred
after commencement of allocated treatment or an adverse
event that occurred prior to the allocated treatment but
worsened in severity affer commencement of the allocated
treatment. A treatment-related adverse event was defined a5
auy adverse event whose relationship to the study drug was
described as possible, probable, or definite, as documented in
the case report forms,

Statistical analysis. The primary efficacy end point
was the ACR20 response at week 16, using an intent-to-treat
fulf-analysis set. All patients who were allocated to receive
study medication, bad received at least i dose, and had
postrandomization cfficacy data available werc included in the
Tull-analysis set. All patients who withdrew because of lack of
efficacy before the week 16 assessment were included in the
analysis as nonresponders. For patients wiio withdrew because
of other reasons, the last recorded asscssment of the ACR20
respomse was curricd forward. Differences between treatment
groups in the proportion of responders were assessed using
logistic regression. A model was fitted for the (reatinent sroups
to which patients were assigned in a center and the stratifica.
tion of weckly doses of MTX. Analyses similar to the primary
efficacy analysis were performed for the secondary cfficacy end
points.

Treatment groups were formally compared at the week
4, week 8, wesk 12, week 16, and weck 20 asscssments,
scparately; changes from bascline to each assessment were
analyzed using analysis of covarance, with an cfiect for
treatment, center, and the respective baseline value fitted as a
covariate. The P value {or the overall test of difference
between treatment groups from this model was determined, If
results of the overall test of differcnce between treatment
groups from this model were statistically significant, the lincar
and quadratic compenents of the dose-response relationship
were assessed. P values for linear, quadratic, and average dose
effect were determined for the groups receivi ng manothcrapy
and the groups receiving combination therapy.
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Figere 1. Disgram showing randomization, numbers of patients who completed or
withdrew from the trial, and reasons for withdrawal. More than 1 reason for
withdrawal could be given. MRA = tocilizumab; MTX = methotrexate; C =
completed; W = withdrawn; AE = adverse event; PDRT = possible drug-related
toxicity; LOE = lack of cffitacy; Other = withdrew consent, used prohibited
medication, or expericnced intercurrent illness,
Tuble 1. Characteristics of patients ot baseline®
MRA monutherapy Combination therapy, MRA plus MTX
2 mghkg 4 mpikg 8 mgfkp 2 mg/kg 4 mg/kg 8 mghp MTX All groups
Characteristic {(n 53) (n 54 {n 52) (n =52 (n 49 (h SO (n 49 {n  359)
Age, yenrs 522 493 50.1 49.2 50.2 501 509 503
No, of menfmo. of women 9144 13/41 14/38 7145 1437 11/39 11738 777282
Duration of RA, months 9.19 9.79 %.21 9.33 7.82 10.62 11.24 -
Tender joint count (28 joints) 15 15 15 15 13 15 16 15
. Swallen joint count (28 joints) 11 1 12 11 IH 1 ¥4 I3
. ESR, mun/hour 3% 4] 39% 45% D oy 43 41
Cereactive protein, mg/liter 26t 19 22z 238 31 249 32 27
DAS28 6.48+% 655 6.43% 6.58% 6.34 6.471 6.75 -
Rheumataid factor positive. no. 44 39 43 46 33 40 47 -
MTX dosc*
Low 20 20 19 19 17 18 17 ~
Medium 25 25 24 25 24 24 24 -
Righ 8 9 9 8 8 8 § -
Patient’s nssessment of pain 53.9¢ 62.2 58.5% 59.7% 60.2 57.09 GaR -
Duration of MTX therupy, 3O 255 M1 =265 400=305 3BEL 2T 200=x 177 J0d=x 327 133 278 355=273
mean * SD months
Patient's global assessment of 62.0% 63.6 60.74 G2.3§ 60.9 62.11 6R.8 -
diseasc activity
Physician's global assessment of 61.3t 62,1 59.5% 59.2§ 59.5 61.39 66.0 -
discase activity
Duration of early marning 90.0% 110.0 120.0f 110,08 80.0 120.0% 90.0 -

* Excepl where indicated otherwise, walucs are the mean, MRA = tacilizumab; MT
erythrocyte sedimentation rate; DAS28 = Disease Activily Score in 28 joints; fow

high = 20 mg, 22.5 mg, or 25 myg weekly.

0 = 52 patients.
$n = 51 patients,
§n 50 patients,
1n = 49 patients.

10 mg or 12.5 mg weekly; medium

X = methotrexate; RA = rheumaztoid arihritis; ESR =
15 mp or 17.5 mg weekly;
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RESULTS

Baseline characteristics and patient flow. Three
bundred fifty-nine patients were randomly allocated to
the 7 treatment groups. Patient flow through the trial
and randomization to éach treatment arm are shown in
Figure 1. Approximately equal numbers of patients were
randomly allocated to each arm of the study. During the
trial, 60 patients withdrew (34 patients withedrew due to
adverse events and/or possible drug-related toxicity).
Of the 359 patients randomized to receive study
medication, all were included in the safety population,
and 354 patients were included in the full-analysis set
(5 patients were excluded from the full-analysis set
because of a protocol violation). The baseline demo-
graphics of the treatment groups were similar, and no
statistically significant differences were observed (Ta-
ble 1).

All patients had previously been treated with
DMARD:s, the most common of which was MTX. The
mean duration of prior MTX treatment varied across the
groups, with the longest duration recorded in the group
receiving 8 mg/kg of tocilizumab plus MTX (40 months),
and the shortest duration recorded in the group receiv-
ing 4 mg/kg of tocilizumab plus MTX (29 months). Most
patients had previously been treated with 1-3 different
DMARD:s, although several paticnts had previously
received more than 5 different DMARDs. Cyclophos-
phamides had been taken by 1.4% of patients, jefluno-
mide by 6.4%, sulfasalazine by 53.5%, azathioprine by
6.7%, cyclosporine by 20.3%, etanercept by 2.8%, aur-
anofin by 2.8%, chloroquine by 23.4%, gold by 3.1%,
hydroxychloroquine by 12.0%, penicillamine by 7.2%,
and sodium aurothiomalate by 21,2% of patients, Fifty
patients had rteceived TNF inhibitors (infliximab or
etanercept) prior to study enroilment. A high proportion
of patients in cach treatment group was serum rhcuma-
toid factor positive (overall mean 82.7%), and the
proportion was highest in the group receiving placebo
plus MTX (95,9%).

Primary efficacy end point. The primary end
point of the study, an ACR20 response at week 16, was
achieved by 61% and 63% of the patients recciving
monotherapy with 4 mg/kg and 8 mg/kg of tocilizumab,
respectively, compared with 419 of patients recciving
placebo plus MTX (P < 0.05). The responses of the
group receiving tocilizumab at a dose of 2 mg/kg were
not significantly different from those of the group as-
signed to receive placebo plus MTX (Figure 2). The
ACR20 responses among patients receiving combination
therapy with tocilizumab (2 mgkg, 4 mg/kg, and 8
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Monotherapy

WACR 20 BACR 50 DACR 70

80 4 - -~

Patients (%)

Lip.¢ MRA 2 mgiey MRA 4 mpiig MRA 8 mg/kg

Combination

WACR 20 EIACR 50 DACR 70

MTX MRA 2 MRA 4 MRA B

mgkg+MTX  momg+MTX  mgikg+MTX
Figure 2. Efficacy end points. American College of Rheumatology
20% (ACR20), ACRS0, and ACR70 response rates at week 16 in the
groups of patients receiving methotrexate (MTX) plus placebo, those
receiving MRA {tocilizumnab} monotherapy, and those receiving com-
bination therapy with MRA plus MTX, &% P < 005; »e0 = p =
0.001 versus MTX,

mg/kg) plus MTX excceded those among patients re-
ceiving placebo plus MTX (64%, 63%, and 74%, respec-
tively, versus 41%; P < 0.05, P < 0.05, and P < (.001,
respectively) (Figure 2).

Secondary eflicacy end points. The ACR50 and
ACR70 response rates at week 16 were measured, as
shown in Figure 2. Only combination therapy with 8
mg/kg of tocilizumab plus MTX was significantly better
than placebo plus MTX in terms of both the ACRS0 and
the ACR70 (P < 0.05). Therc was a simjlar pattern of
change in DAS28 scores, showing a clear dose response
with tocilizumab and significant differences from week 4
onward, except in the group receiving nonotherapy with
2 mg/kg of tocilizumab. The maximum reduction in the
DAS28 was achieved with the 8-mg/kg doses. Among
patients assigned to the 8-mg/kg dose of tocilizumab in
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Figure 3. Mean change from baseline in the Disvase Activity Score in 28 joints
(DAS28). From week 4 onward, the groups recciving 8 mp/kg of MRA (tocilizumab),
with or without methotrexate (MTX), showed a statistically significant decrease in the
DASZ8 compared with the group receiving MTX plus placcbo, Atweeks 4, 8, and 12, the
groups recelving 4 mg/kg of MRA, with or without MTX, and the group receiving 2
mg/kg of MRA plus MTX demonstrated a statistically significant decrease in the DAS2S
compared with the proup receiving MTX plus placebo, At weck 16, this decrease wos
naintained in the proup receiving 4 mgfkg of MRA plus MTX, The broken horizontal
line shaws the score (2.6) below which disense i considered 10 be in remission. = = P <

0.05 versus MTX; #=«

combination with MTX, the mean DAS28 at 16 weeks
was 2.9. All groups receiving tocilizumab, alone or in
combination with MTX (except for the group assigned
to monotherapy with 2 mg/kg of tocilizumab), showed a
greater decrease in the DAS28 by week 16 than did the
group receiving placebo plus MTX (for combination
therapy with 8 mg/kg of tocilizumab and monotherapy
with 8 mg/kg of tocilizumab, P < 0.001; for combination
therapy with 4 mg/kg of tocilizamab, P < .05 versus
placebo plus MTX) (Figure 3).

A further analysis was performed to calculate the
percentage of patients who achieved remission accord-
ing to the DAS, in the group receiving 8 mg/kg of
tocilizumab plus MTX, the group receiving 8 mg/kg of
tocilizumab as monotherapy, and the group receiving
placebo plus MTX. The analysis showed that the rate of
remission was 34% among those assigned to 8 mg/kg of
tocilizumab plus MTX, 17% among those teceiving 8§
mg/kg of tacilizumab as monotherapy, and 8% among
those receiving placebo plus MTX. Among patients
responding to tocilizumab treatment, a response was
observed by week 4, and this was maintained during the
course of the study. The slepe of the graph suggested
that a peak response had not been reached by the end of

P < 0,001 versus MTX.

the swidy, and that further improvement could be at-
tained.

Each of the individual clinical components of the
ACR responsc assessment (swollen joint count, tender
joint count, physician’s giobal assessment of disease
activity, patient’s global assessment of disease activity,
patient’s pain score, and HAQ score), as weil as the
duration of momning stiffness, showed an improvement
at doses of tocilizamab =4 mg/kg. However, comparison
with the placebo plus MTX control group at week 16
consistently showed that monotherapy with 2 mg/kg of
tocilizamab performed less well than did placebo plus
MTX. For the swollen joint counts, the mean reduction
observed among patients receiving 8 mp/kg of tocili-
zumab, alone and in combination with MTX, was statis-
tically significant compared with the reduction in the
group assigned to placebo plus MTX (P = 0.01 and P <
0.001, respectively}. Additionally, the mean reduction in
the tender joint count in the group receiving combina-
tion therapy with 8 mg/kg of tocilizumab plus MTX was
statistically significantly superior compared with the
mean reduction in the group assigned to receive placebo
plus MTX (P = 0.009).

The mean CRP level and the mean ESR showed
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a marked decrease over time in all of the patients
receiving tocilizumab except those assigned to 2 mgkyg
as monotherapy (both the ESR and the CRP level) and
those recciving 4 mgfkg as monotherapy (the CRP level
only), while placebo plus MTX had little effect on these
laboratory parameters (Figure 4). Especially in the
groups receiving 4 mgkg of tocilizumab, as mono-
therapy or combination therapy, there was a sawtooth
pattetn, with a decrease in these parameters 2 weeks
after dosing (maximum observed biologic effect) and an
increase prior to the next infusion. The 8-mg/kg dose of
tocilizumab produced a2 more sustained decrease. The
mean CRP level normalized after the first infusions of 8
mg/kg of tocilizumab (as both monotherapy and combi-
nation therapy) and 4 mg/kg of tocilizumab as combina-
tion therapy, while the mean ESR normalized after the
third infusions of tocilizumab at a dose of 8 mg/kg (as
both monotherapy and combination therapy). The com-
parison between 8§ mgfkg of tocilizumab, as mono-
therapy or combination therapy, and placebo plus MTX
showed the most significant differences (P = 0.001) at
weelk 16. The mean ESR and the mean CRP ievel
returned toward baseline values within 4-8 weeks after
the last infusion of tocilizumab.

Other direcr and indirect laboratory markers of
inflammation that returned toward baseline levels after
tocilizumab treatment included serum ferritin, serum
amyloid A, C4 complement, fibrinogen, neutrophils,
platelets, and bemoglobin.

Safety. In general, tocilizumab was well tolerated
in this trial (see Table 2). Approximately half of the
patients experienced adverse events after treatment, the
majority of which were mild or modcrate in intensity,
and only onc-fourth of which were judged to be
treatment-related. The most frequent treatment-
emergent adverse cvents were infections (mixed viral
and bacterial), musculoskeletzl disorders (all of which
were compalible with RA), gastrointestinal disorders (a
variety of nrinor disorders, the incidence of which was
higher among those receiving tocilizumab compared
with those receiving placebo plus MTX), skin rash,
pruritus, and erythema.

There was no clear pattern of occurrence of
adverse events by dose group, except for serious adverse
events (Table 2). Thirty patients experienced 35
treatment-emergeat serious adverse events. The inci-
dence of treatment-emergent serious adverse events was
highest in the group receiving 2 mg/kg of tocilizumab as
monotherapy and fowest in the group receiving 4 mg/kg
of tocilizumab plus MTX (Table 2). The most common

2823

——U3drghg v MR ARy YT e WAL Mgy Y

USs empag o Lels

111 —— ———

] 2 + ] L " 1? L1} w fu

] 2 q 1 ] {1} 12 L] 1 Fu
L1

Figure 4. Effects of difierent doses of MRA (tocilizumab) on the
C-reactive protein (CRP) level, the alanine ransaminnse {ALT) Jevel,
the high-density lipoprotein (MDL) cholestero! level. and the neutro-
phil count. Mcan CRP values {salid lines in 1op panef) demonstrated
4 maximum abserved biologic effect alter dasing with MRA, correlat.
ing with changes in the nonfasting 1otal cholesterol level (broken lines
in top panel). Mean ALT values during MRA tcrapy followed a
sawtooth pattern, rising and falling between infusions. Moderate,
reversible changes in the nonfasting HDL cholesterol level accurred
during treatment with MRA. A dose-dependent. reversible decrease In
the neutrophil count occurred fotiowing dosing with MRA. FU =
Tollowup.,



2824 MAINT ET AL
Table 2. Summary of adverse events (AEs)”
Combination therapy,
MRA monotherapy MRA plus MTX

2 mpkg 4 mgfke 8 mpfke 2 mefkg 4 mp/e 8 mgfke MTX

(n=33) @=5) (=5 (n=52) (=49 (M=50 (n=d9)
Paticnis with =1 treaiment-cmergent AE 30 27 31 30 19 27 pxl
Patients with &1 treatment-related AR 13 14 15 12 9 14 g
Paticnnts who discontinued due to an AE . 4 -5 5 3 & 6 4
Patients with =1 serious treatment-emergent AE 8 5 3 4 1 7 2
Paticnts with &1 scrious treatment-related AE 5 2 1 2 0 4 1}
Serious treatment-emergent infectlionst 4 0 0 0 0 3 0
Serious Itcatment-emergent anaphylactic 3 1 0 (] 0 0 0

reactionfshockt

* MRA = tocilizumab; MTX = metholrexate.

¥ Tn the 2-mg/kg monotherapy group, infections included a limb abseess/ostcomyelitis not otherwisc specified (INOS), a pleural infection NOS, and
a lower respiratory tract infection NOS. In the 8-mg/kg combination therapy group, infections included infective arthritis NOS and 2 cases of sepsis

NOS.

1 In the 2-mgfkg monotherapy group, an additional patiem experienced a bypersensitivity reaction. In the 2-mg/lkg combination therapy group, 1
patient had a nenserious anaphylactic reaction. In the 8-mg/kg combination thesapy group, 1 patient cxperienced a hypersensitivity reaction NOS.

trcatment-emergent serious adverse events were aggra-
vated RA (2 cases in the group receiving low-dose
combination therapy and 1 case in the group receiving
placebo plus MTX), 4 infections in 3 patients in the
2-mg/kg monotherapy group (1 patient with a limb
abscess and osteomyelitis and 2 patients with respiratory
infections), 3 infections in the 8-mg/kg plus MTX group
(including 1 patient with infective arthritis and 2 with
sepsis not otherwise specified), and anaphylactic shock/
reaction and hypersensitivity (4 cases in the 2-mgfkg
monotherapy group and 1 case in the 4-mg/kg mono-
therapy group). Of the 2 patients for whom sepsis was
reported as a serious adverse event, septicemia devel-
oped in 1 patient following a Staphylococeus aureuws—
infected skin wound; in the other patient, septicemia was
diagnosed, but there were no signs of focal infection and
0o organisms were isolated on blood culture, and pyelitis
was suspected. That patient had a history of streptocoe-
cal septicemia due to a dental abscess (10 months
previously),

Additionally, 2 cases of nonserious anaphylactic
reactions and hypersensitivity were reported (1 in a
patient receiving monotherapy with 4 mgkg of tocili-
zumab, and 1 in a patient receiving combination therapy
with 2 mg/kg of tocilizumab). Overall, anti-tocilizumab
antibodies developed in 23 patients, all of whom were in
the groups receiving either 2 mg/kg or 4 mg/kg of
tocilizumab as monotherapy; anti-tocilizumab antibod-
ies developed in none of the patients receiving treatment
with 8 mg/kg of tocilizumab, as either monotherapy or
combination therapy. No cases of reactivation of tuber-

culosis were seen, and no opportunistic infections were
observed in this study.

Liver funcfion test changes. During the dosing
period of this trial, the mean ALT level and, to a lesser
extent, the mean AST level increased in ail patients
receiving tocilizemab, following a sawtooth pattern (risc
and fall) between infusions (Figure 4). This increase was
tocilizumab-related but was accentuated in patients re-
ceiving tocilizumab in combination with MTX (>3-fold
the upper limit of normal in 2% of the patients receiving
combination therapy). All of the mean values returned
to near-baseline values within 8 wecks of the fingl
infusion. The mean ALT level increased in a dose-
related mammer in the groups receiving tocilizumab
monotherapy; the maximum inerease from baseline at
week 2 (45%) was observed in the group receiving 8
mg/kg of tocilizamab. Larger dose-related increases in
the ALT Jevel occurred in the combination-therapy
groups; the maximum increase from baseline at week 2
(88%) was observed in the group receiving combination

therapy with 8 mg/kg of tocilizumab plus MTX. No

increase in the mean ALT level was observed in the
group recciving placebo plus MTX. A similar pattern of
changes in the mean AST level was seen, but these
changes were of lesser magnitude.

Certain patients showed marked but reversible
increases in the level of transaminases, which in some
cascs led to discontinuation of the study treatment, Five
patients who had ALT levels >100 IU/liter were with-
drawn from the study; all of these patients were in the
groups receiving tocilizumab plus MTX. In 4 patients,
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the ALT level returmned to a level within the normal
range within 4 weeks of withdrawal. Overall, 127 patients
treated with tocilizumab experienced an ALT level
greater than the upper limit of normal during the study;
35 of these patients had mildly abnormal ALT values at
baseline, compared with 12 patients who were trcated
with MTX alone. In 112 tocilizumab-treated patients,
the ALT level returned to near-baseline values by the
time of the followup visit. Eighteen patients had ALT
values >100 TU/liter during the study, and all of these
patients had been treated with tocilizumab.

Mean total bilirubin values increased gradually
during the study period in tocilizumab-treated patients,
but this increase was not exacerbated by the addition of
MTX. Among the groups receiving tocilizumab mono-
therapy, the maximum increase from baseline in mean
total bilirubin levels was 83% at week 16; this was
observed in the group receiving 8 me/kg of tocilizemab.
Among patients receiving combination therapy, the
maximum increase in bilirubin levels (59%) was ob-
served at week 14 in ‘the group receiving 4 mg/kg of
tocilizumab plus MTX. Again, values had largely re-
turned to normal by the followup visit, and the group
receiving placebo plus MTX was unaffected. Twenty-
one patients had bilirubin levels >21 pmolesfliter during
the study, but these patients had high total bilirubin
levels when they entered the study (mean 17 umoles/
liter, which is the upper end of the normal range) and
demonstrated predominantly unconjugated hyperbiliru-
binemia. In 86% of this subgroup, total bilirubin levels
returned to near-baseline values by the time of followup.
No relationship between clevated ALT levels and ele-
vated bilirubin Jevels was observed. No individual pa-
tient experienced significant elevations in both the ALT
level and the bilirubin level simultaneously.

Lipid chonges. During the study period, moder-
ate but reversible increases in the mean levels of non-
fasting total cholesterol, high-density lipoprotein choles-
terol, and triglycerides were seen in the groups assigned
to reccive treatment with tocilizumab. The levels in-
creased initially and then stabilized and did not continue
to increase during the treatment period (Figure 4).
Importantly, the mean atherogenic index remained
largely unchanged despite some rise and fall between
infusions in the higher-dose groups. In both of the
groups receiving 8 mg/kg of tocilizemab, the atherogenic
index was reduced to below its initial level by the
20-week followup visit. Again, certain individuals expe-
rienced abnormally high lipid levels, but in the majority
of these patients the levels were high at study entry and
showed a relatively small increase during treatment,
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Neutrophils. There was a gencral dose-
dependent reduction in the neutrophil count following
treatment with tocilizumab, but the neutrophil count
recovered when tocilizumab was withdrawn (Figure 4).
Forty patients cxperienced neutropenia during treat-
ment with tocilizemab. Reductions in the neutrophil
counts of 47% and 43%, respectively, were seen at week
14 in patients receiving 8 mghkg of tocilizumab as
monotherapy and in those receiving 8 mg/kg of tocili-

" zumab plus MTX. Of the 13 patients who experienced

grade 2 neutropenia (between 1,000 and 1,500
neutrophils/mm®) or grade 3 neutropenia (between
1,000 and 500/mm®) during the dosing period excluding
baseline, all had received higher cdoses of tocilizumab,
with or without MTX. The addition of MTX did not
secm to exacerbate the cffeet, based on the relative
incidence of neutropenia in the groups receiving tocili-
zumab as mopotherapy ar combination therapy. Infec-
tions were not associated with reduced neutrophil
counts. The lowest neutrophil count observed was
0.88 x 10%liter at week 8 (in paticnts receiving 8 mg/kg
of tocilizumab), and no clear pattern in the occurrence
of neutropenia was observed across study visits. Some
patients experienced neutropenia after the first infusion
of tocilizumab, and some paticnts experienced neutro-
penia after later infusions, and there was no evidence
that continued dosing worsened the effect. The neutro-
phil count returned to the normal range by the followup
visit in all except 1 paticnt, in whom the count was
abnormally low at baseline.

The number of patients with low neutrophil
counts was related to the dosc of tocilizumab adminis-
tered (0, 5, and 14 patients in the 2-mg/kg, 4-mg/kg, and
8-mgfkg tocilizumab groups, respectively). The propor-
tion of paticnts who experienced infections was no
different between those with low neutrophil counts (7 of
40 patients) and those with normal neutrophil counts (62
of 359 patients).

DISCUSSION

Previously, a monocienal antibody to the IL-6
molecule was showas to induce improvements in patients
with RA. However, the effects were short-lived, and
neutralizing antibodies developed against this murine
antibody (30). Clinical studies in Japan, in which tocili-
zumab was used as monotherapy (4 mg/kg or 8 mg/kg) in
adults who had previously received DMARDs (including
MTX at a dosage less than 8 mg/week) (22,23), and a
dose-ranging study in Europe in which patients received
a single dose of cither 0.1 mg/kg, 1 mg/kg, 5 mg/kg, or 10
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mg/fkg of tocilizumab (21) have provided proof of con-
cept that 1L-6 blockade by tocilizumab is efficacious in
the treatment of RA. Based on these data and those
from our study, it may be concluded that 11-6 is an
important driver of inflammation in RA. The blockade
by tocilizumab of the membranc-bound as well as the
soluble IL-6 receptor thus appears to be a direct and
manipulable method for achieving the target of reducing
the pathologic effects of excess IL-6.

The results of this study clearly show that infu-
sions of tocilizumab every 4 weeks, with or without
background MTX therapy, can produce marked and
dosc-related improvement in RA disease activity as
measured by ACR20, ACRS0, and ACR70 responses
and clinically meaningful changes in the DAS28, The
study also showed that the 4-mg/kg and 8-mg/kg doses of
tacilizumab were associated with high percentages of
ACRS50 and ACR70 responses after only 4 infusions (the
difference between patients receiving placebo plus MTX
and those receiving 8 mg/kg of tocilizumab in combina-
tion with MTX was statistically significant) (Figure 2).
Assessment of efficacy over time showed continued
improvement in all dosc groups. This improvement was

seen up to the end of the 16-week trial, and there was an -

indication that maximum efficacy may not have been
achieved in this short-term study.

The mean DAS28 among patients receiving com-
bination therapy with 8 mg/kg of tocilizumab plus MTX
approached the EULAR criteria for remission (DAS28
<2.6). The primary and secondary efficacy end points
for tocilizumab therapy at the highest dose demonstrate
that the efficacy of this therapy is in the same range as
that of the currently available anti-TNF therapies (18).
Thirty-seven percent of the patients in this high-dose
group also achieved an ACR70 response, and 34%
achieved EULAR-defined remission based on the
DAS28.

One feature of note in this study is that a
relatively high proportion of patients in the group re-
ceiving placebo plus MTX also continued to respond.
The ACR20 response rate of 41% in this study contrasts
with a rate of 11% among placcbo-treated patients in the
Japanese study (23). Because the Japanese study com-
pared a placebo infusion with treatment that com-
menced after a DMARD washout period, and patients
in our study reccived a placebo infusion during contin-
uation of MTX therapy, the high response rate associ-
ated with placebo likely indicates that our patients were
not MTX nonresponders, but rather that they had not
yet fully responded to MTX at the time of trial entry. In
the current study, the response to placebo plus MTX was
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high, and a better control group might have becn
produced if the period of time during which controls
received stable doses of MTX prior to trial entry had
been longer than 4 weeks. The study design required
that background MTX be withdrawn abruptly at the
start of the study in the groups reeciving tocilizumab
monotherapy, thus placing these groups at a relative
disadvantage in terms of efficacy in a population of
incomplete MTX responders. This may have contributed
to the negative comparison between the group receiving
2 mg/ke of tocilizumab and those receiving placebo plus
MTX and to the apparent superiority of combination
therapy over monotherapy at cach dose Jevel. However,
the unexpectedly high rate of ACR20 responses in the
group of paticnts who received MTX alone has no effect
on the numbers of patients who achieved ACRS50 or
ACR70 responses while recciving tocilizumab plus
MTX,

The durability of the response to tocilizumab was
not investigated in this study; however, data from a
phasc 11 study performed in Japan demonstrated that
with continued treatment, efficacy (as measured by
ACR20, ACRS50, and ACR70 responses) was main-
tained at least until week 72 (22). These data were
obtained from an open-label cxtension study in which
patients received tocilizumab at a dosage of § mgfkg
every 4 weeks for an unrestricted period of time (22).

The most important safety signals in this study
were related to changes in the results of liver function
tests and serum lipid levels. A dose-related increase in
the mean serum transaminase level was seen during
tocitizumab treatment. This change appeared to be
drug-related, due to the sawtooth pattern of rise and fali
between infusions, most of which were observed after
the first infusion of tocilizumab. More importantly,
certain individuals experienced clinically significant in-
creases in the transaminasc level, The addition of MTX
appeared to accentuate this effect. Mean bilirubin levels
showed a gradual elevation over the study period. It is
clear that the pattern of change for the mean bilirubin
level was niot the same as that for the mean transaminase
level, and larger individual riscs in the bilirubin level
were not observed in the same patients as those experi-
encing rises in the levels of transaminases or lipids. Also,
the total bilirubin elevations were mild (<3-fold the
upper limit of normal). In a retrospective analysis of 8
paticnts with high levels of bilirubin, the increase ap-
peared to be printarily in the unconjugated bilirubin
fraction and possibly associated with underlying Gil-
bert’s syndrome, Hemolysis may possibly have contrib-
uted to the bilirabin level, but there are no data sup-
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porting this hypothesis, which needs to be investigated in .

the future,

There was no evidence of frank clinical hepatitis
or predictors of the occurrence of hepatitis in any of the
patients who had elevated levels of ALT and bilirybin,
Based on a review of individual patients at cach time
point, there was no temporal correlation between ALT,
total bilirubin, and cholesterol and clinical symptoms
consistent with hepatitis. No patient had any 2 of the 3
laboratory abnormalities at the same time. In the Japa-
nese extension study, bilirubin levels did reach a plateau
in patients treated for up to 72 weeks.

Treatment with tocilizumab also resulted in an
increase in the total cholesterol level as well as an
increase in the level of triglycerides and HDL choles-
terol (in this study, low-density lipoprotein cholesterol
was not measured), At the same time, the mean athero-
genic index was unchanged. As with bilirubin, changes in
the cholesterol level were not temporally related to
changes in the ALT level; however, there was a temporal
correlation between total cholesterol levels and the CRP
levels (CRP levels were dramatically reduced). The
degree of elevation of the cholesterol level may be
related to the degree of suppression of inflammation
(31). It has also been observed that use of the anti-TNF
maonoclonal antibody infliximab to treat RA leads to an
elevated cholesterol level (32). Increases in plasma lipid
levels andior CRP levels are associatec] with an increased
risk of cardiovascular events (33,34), and a major cause of
death in patients with RA is heart disease (35). The
significance of the increases in lipicl levels and the de-
creases in CRP levels observed in this study is unclear
(especially because the lipid samples were nonfasting), and
further studies are clearly indicated to investigate the
clinical significance of these effects on the morbidity and
mortality associated with ischemic heart disease. In addi-
tion, the mechanism of this lipid level elevation following
DMARD treatment in general and tocilizumab in partic-
ular is unclear and should be further evaluated.

Favorable effects of tocilizumab were also dem-
onstrated by other direct and indirect laboratory indica-
tors of inflammatory disease (levels of serum ferritin,
serum amyloid A, complement C4, fibrinogen, rheuma-
toid factor, and serum albumin, the neutrophil count,
the platelet count, and the hemoglobin concentration),
suggesting that suppression of inflammation by tocili-
zumab is not associated with only a few of the markers of
inflammation,

A small number of patients in whom the neutro-
phil count was normal at the start of the study (unlike
‘the majority of the study population) experienced ncu-
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tropenia when treated with tocilizumab at a dose of 8
mg/kg. An increased incidence of infections, including
life-threatening conditions, has bcen observed with
other monaclonal antibodies targeting the components
of the immune system. In this study, serious infections
were seen in the group receiving combination therapy
with 8 mg/kg of tocilizumab plus MTX, as might be
expected with the combination of 2 potentially immuno-
suppressant drugs, although serious infections were also
seen in the group receiving monotherapy with 2 m g/kg of
tocilizumab. As the most clinically effective dose, 3
mg/kg of tocilizumab may be considered the optimal
therapeutic dose. Although the cvidence clearly is not
conclusive, IL-G is known to demarginate neutrophils
(36), and inhibition of TL-6 function couid be expected
to marginate neutrophils, thus showing a deerease in the
number of circulating neutrophils. Larger studies in
which the period of exposure to the study drug is longer
will be required to accurately assess the risk of serious
infection associated with tocilizumab treatment.

Anaphylaxis and anaphylactoid reactions are also
expected and serious adverse events associated with
treatment with humanized monoclonal antibodies. In
the case of tocilizamab, as with infliximab, such reac-
tions occurred only at low doses and in the absence of
MTX, against a background of “insufficient” immuiio-
suppression, or high-dose antigen-induced immu nologic
tolerance may have occurred to prevent formation of
anti-tocilizumab antibodies (19). Among paticnts in
whom anti-tocilizumab antibodies developed, the num-
ber was highest in the groups receiving monotherapy,
which suggests that MTX provides some protection
against anti-tocilizumab antibady production. This trend
is also scen when MTX is given in combination with
infliximal (19).

The highest responses to tocilizumab mono-
therapy have been achieved using the 4-mg/kg (mini-
mally efficacious) and 8-mg/kg (optimally efficacious)
doses; therefore, those doses are proposed for use in
future clinical studies. Monthly administration of 8
mg/kg of tocilizumab is proposed as the highest dosage,
because in this study both efficacy and safety appeared
o be dose-related, and increasing the dose beyond 8
mg/kg may increase the possibility that adverse events
will occur. Combination therapy with tocilizumab plus
MTX demonstrated superior efficacy compared with
tocilizumab monotherapy.

In conclusion, the results of this study indicate
that targeted blockade of IL-G is a highly efficacious and
promising means of decreasing disease activity in pa-
ticnts with RA, and that tocilizumab treatment (as



monotherapy or in combination with MTX) is well
tolerated in the majority of cases, having a safety pattern
consistent with that of other biologic and immunosup-
pressive therapies. Large-scale phase HI studies are
curreatly ongoing in an attempl to validate the encour-
aging hypothesis gencrated in this and other studies, and

to

investigate the potentially beneficial radiographic

outcomes related to treatment with tocilizumab in pa-
tients with RA,
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