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ABSTRACT

Methods for treating and/or preventing a TNF-mediated disease in an
individual are disclosed. Also disclosed is a composition comprising
methotrexate and an anti-tumor necrosis factor antibody. TNF-mediated
diseases include rheumatoid arthritis, Crohn's disease, and acute and

chronic immune diseases associated with transplantation.
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ANTI-TNF ANTIBODIES AND METHOTREXATE
IN THE TREATMENT OF AUTOIMMUNE DISEASE

Cross—Reference to Related Applications

This application is a divisional application pursuant
to Section 79B of the Patents Act 1990 of Australian Patent
Applicaticon No. 2012202134 filed April 12, 2012 which is a'
divisicnal application of Australian Patent Application No.
2011200206 filed January 1%, 2011 which is a divisional of
Australian Patent Application No. 2007203067 filed June 22,
2007, which is a divisional applicaticn of Australian
Patent Application No. 2003264629 filed December 1, 2003,
which was a divisional application of Australian Patent
Application No. 51825/00 filed ARugust 4, 2000, which was a
divisional application of Australian Patent Application No,
37035/97 filed August 1, 1997 which corresponds to
International Application No. PCT/GB19%97/002058 filed
August 1, 1997 claiming priority to US Patent Application
No. 08/690,775 filed August 1, 1996, the specifications of

which are incorporated herein in their entirety.

Background of the Invention

Monocytes and macrophages secrete cytokines known as
tumor necrosis factor alpha (TNF&) and tumor necrosis
factor beta (TINFB) in response to endotoxin or other
stimuli. TNF& is a soluble homotrimer of 17 kD protein
subunits (Smith et al., J. Biol. Chem. 262: 69%51- 63954 10
{(1987)). A membrane-bound 26 kD precursor form of TN also
exists (Kriegler et al., Cell 53:45-53 (1988)). For reviews
of TN, see Beutler et al., Nature 320: 584 (1986) 0ld,
Science 230:630 (1986); and Le et al., Lab. Invest. 56:234
(1587},

Cells other than monocytes or macrophages also
produce TNFw. For example, human non-monocytic tumor cell
lines produce tumor necrosis factor (TNF) (Rubin et al., J.
Ex. Med. 164:1350 (1986)}; Spriggs et al., Proc., Natl. Acad.
Sci, USA 84:; 6563 (1987)). CD4+ and CD8+ peripheral blood T
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lymphocytes and some cultured T and B cell lines (Cuturi et
al., J. Exp. Med. 165:1581 (1987); Sung et al., J. Exp.
Med. 168:153% (1988); Turxner et al., Eur, J. Immunol.
17:1807-1814 (1987)) also produce TNFo.

TNF causes pro-inflammatory actions which result in
tissue injury, such as degradation of cartilage and bone,
induction of adhesion molecules, inducing procoagulant
activity on vascular endothelial cells (Pober et al., J.
Immunol. 136:1680 (1986)), increasing the adherence of
neutrophils and lymphocytes (Pober et al., J. Immunol.
138:3319 (1987)), and stimulating the release of platelet
activating factor from macxyophages, neutrophils and
vascular endothelial cells (Camussi et al., J. Exp. Med.
166:1390 (1887)}).

Recent evidence associates TNF with infections (Cerami
et al., Immunol, Today 9:28 (1988)), immune disorders,
neoplastic pathologies (OLiff et al., Cell 50:555 (1987}),
auntcimmune pathologies and graft-versus-host pathologies
(Piguet et al., J. Exp. Med. 166:1280 (1987)). The
association of TNF with cancer and infectious pathologies
ig often related to the host’'s catabelic state. Cancer

‘patisnts suffer from weight loss, usually associated with

anorexia.

The extensive wasting which is associated with cancer,
and other diseases, is known as “"cachexia" (Kern et al., J.
Parent. Enter. Nutr. 12:286-298 (1988))}. Cachexia includes
progressive weight loss, ancrexia, and persistent erosion
of body mass in response to a malignant growth. The
fundamental physiological derangement can relate to a
decline in food intake relative to energy expenditure. The
cachectic state causes most cancer morbidity and mortality.
TNF can mediate cachexia in cancer, infectious pathology,
and other catabolic states. '

TNF also plays a central role in gram-negative sepsis
and sndotoxic shock (Michie et al., Br. J. Surg. 76:670-671
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{1989) ; Debets et al., Second Vienna Shock Forum, p.463-466
(1989) ; Simpson et al., Crit. Care Clin. 5:27-47 {1989)),
including fever, malaise, anorexia, and cachexia.

Endotoxin strongly activates monocyte/macrophage production
and secretion of TNF and other cytokines (Kormbluth et al.,
J. Immunol. 137:2585-2591 (1986)}). TNF and other
monocyte-derived cytokines mediate the metabolic and
neurchormonal responses to endotoxin (Michie et al., New
Engl. J. Med. 31§:1481-1486 (1988)). Endotoxin
administration to human volunteers produces acute illness
with flu-like symptoms including fever, tachycardia,
increased metabolic rate and stress hormone release
(Revhaug et al., Arch. Surg. 123:162-170 {1988} ).
Circulating TNF increases in patients suffering from
Gram-negative sepsis (Waage et al., Lancet 1:355-357
(1987); Hammerle et al., Second Vienna Shock Forum

p. 715-718 (1989); Debets et al., Crit. Care Med.
17:489-497 (1989); Calandra et al., J. Infect. Dis.
161:982-987 {19%0)).

Thus, TNFa has been implicated in inflammatory
disesses, autoimmune diseases, viral, bacterial and
parasitic infections, malignancies, and/or neurcgenerative
diseases angd is a'useful target for specific biclogical
therapy in diseases, such as rheumatoid arthritis and
Crohn's disease. Beneficial effects in open-label trials
with a chimeric monoclonal antibody to TNFa (cA2) have been
reported with suppression of inflammation (Elliott et al.,
Arthritis Rheum. 36:1681-1690 (1993); Elliott et al.,
Lancetr 344:1125-1127 (1994)). See also, Van Dullemen et
al., Gastroenterclogy 109:129-135 ({1985). Beneficial
resuits in a randomized, double-blind, placebo-contxolled
trial with cA2 have also been reported with suppression of
inflammation (Elliott et al., Lancet 344:1105-1110 (1994)).
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The present invention is based on the discovery that
treatment of patients suffering from a TNF-mediated disease
with a tumor necrosis factor antagonist, such as an anti-
tumor necrosis factor antibody, as adjunctive and/or
concomitant therapy to methotrexate therapy produces a
rapid and sustained reduction in the clinical signs and
symproms of -the disease. The present invention is also
based on the unexpected and dramatic discovery that a
multiple dose regimen of a tumoxr necrosis factor
antagonist, such as an anti-tumor necrosis factor antikody,
when administered adjunctively with methotrexate to an
individual suffering from a THNF-mediated disease producss a
highly beneficial or synergistic clinical response for a
significantly longer duration compared to that obtained
with a single or multiple dose reéimen of the antagonist
administered alone or that obtained with methotrexate
administered alone. As a result of Applicants' invention,
a method is. provided herein for treating and/or preventing
a THF-mediated disease in an individual comprising co-
administering an anti-TNF antibody or a fragment thereof
and methotrexate to the individual in therapeutically
effective amounts. In a particular embodiment,
methotrexate is administered in the form of a series ci low
doses separated by intervals of days or weeks.

A method is also provided herein for treating and/oxr
preventing recurrence of a THF-mediated disease in an
individual comprising co~administering an anti-TNF antibody
or a fragment thereof and methotrexate to the individual in
therapeutically effective amounts. TNF-mediated diseases
include rheumatoid arthritis, Crohn’‘s disease, and acute
and chronic immune diseases associated with an allogenic
transplantation (e.g., renal, cardiac, bone marrow, liver,
pancreatic, small intestine, skin or lung transplantation).
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Therefore, in one embodiment, the invention relates to
a method of treating and/or preventing rheumatoid arthritis
in an individual comprising co-administering an anti-TNF
antibody or a fragment thereof and methotrexate to the
individual in therapeutically effective amounts. In a
second embodiment, the invention relates to a method of
treating and/or preventing Crohn‘s disease in an individual
comprising co-administering an anti-TNF antibody or a
fragment thereof and methotrexate to the individual in
therapeutically effective amounts. In a third embodiment,
the invention relates to a method of treating and/or
preventing other autoimmune diseases and/or acute or
chronic immune disease associated with a transplantation in
an individual, comprising co-administering an anti-TNF
antibody or a fragment thereof and methotrexate to the
individual in therapeutically effective amounts.

A further embodiment of the invention relates to
compositions comprising an anti~INF antibody or a fragment
thereof and methotrexate.

In addition to anti-TNF antibodies, TNF antagonists
include anti-TNF antibodies and receptor molecules which
bind specifically to TNF; compounds which prevent and/or
inhibit TNF synthesis, TNF release or its action on target
cells, such as thalidomide, tenidap, phosphodiesterase
inhibitors (e.g, pentoxifylliine and rolipram}, A2b
adenosine receptor agonists and A2b adenosine receptor
enhancers; and compounds which prevent and/or inhibit TNF
receptor signalling.

Brief Description of the Drawings

Figures 1A-1C are a set of three graphs showing the
results over time for swollen joint count in rheumatoid
arthritis (RA) patients receiving cA2 treatment (1 mg/kg,
3 mg/kg or 10 mg/kg) with 'or without methotrexate. Results
for the placebo group (methotrexate alone) are shown with
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the 1 mg/kg group. The number of patients with data at
each evaluaticon visit is shown at the bottom of each graph.
White circle = - methotrexate (MTX-); black circle =

+ methotrexate (MTX+); squars = placebo.

Figures 2A-2C are a set of three graphs showing the
results over time for tender joint count in RA patients
receiving cA2 treatment (1 mg/kg, 3 mg/kg or 10 mg/kg) with
or without methotrexate. ﬁesults for the placebo group
(methotrexate alone} are shown with the 1 my/kg group. The
number of patients with data at each evaluation visit is
shown at the bottom of each graph. White circle =
- methotrexate; black circle = + methotrexate; sguare =
placebo,

Figures= 3A-3C are a set of three graphs showing the
results over time for the Physician’s Global Disease
Assessment in RA patients receiving cA2 treatment (1 mg/kg,
3 mg/kg or 10 mg/kg) with or without methotrexate. Results
for the placebo group (methotrexate alone) are shown with
the 1 mg/kg group. The number of patients with data at
each evaluation visit is shown at the bottom of each graph.
White circle = - methotrexate; black circle =
+ methotrexate; square = placebo.

Figures 4A-4C are a set of three graphs showing the
results over time for the Patient Disease Assessment in RA
patients receiving cA2 treatment (1 mg/kg, 3 mg/kg or
10 mg/kg) with or without methotrexate. Results for the
placebo greoup (methotrexate alone) are ghown with the
1 mg/kg group. The number of patients with data at each
evaluation visit is shown at the bottom of each graph.
White cirele = - methotrexate; black circle =
+ methotrexate; square = placebo.

Figures 5A-5C are a set of three graphs showing the
results over time for C-reactive protein (CRP)
concentration in RA patients receiving cA2 treatment
{1 mg/kg, 3 mg/kg or 10 mg/kg) with or without
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methotrexate. Results for the placebo group (methotrexate
alone) are shown with the 1 mg/kg group. The number of
patients with data at each evaluation visit is shown at the
bottom of each graph. White circle = - methotrexate; black
circle = + methotrexate; square = placebo.

Figures 6A-6C are a set of three graphs showing the
results over time for the Health Assessment Questionnaire
(HAQ) in RA patients receiving cA2 treatment (1 mg/kg,

3 mg/kg or 10 mg/kyg) with or without methotrexate. Results
for the placebo group {methotrexate alone) are shown with
the 1 mg/kg group. The number of patients with data at
each evaluation visit is shown at the bottom of each graph.
White circle = - methotrexate; black circle =

+ methotrexate; square = placebo.

Figures 7A-7F areé a set of six graphs showing the
seyum cA2 concentration in each RA patient receiving ch2
treatment (1 mg/kg, 3 mg/kg or 10 mg/kg) with or without
methotrexate, plotted over time. Data plotted are the
serum cA2 concentrations obtained just before the
administration of cAZ at weeks 2, 6, 10 and 14 and then at
weeks 18 and 26. The sczles for the serum cA2
concentration are condensed with higher doses of ca2.

Figures BA and 8B are a set of two graphs showing the
median serum cA2 concentration over time in RA patients
receiving 3 mg/kg cA2 (top panel) or 10 mg/Kg cA2 (bottom
panel) with or without methotrexate. Square =
+ methotrexate; circle or triangle = - methotrexate.

Detziled Descrivtion of the Invention

The present invention relates to the discovery that
tumor necrosis factor antagonists can be administered to
patients suffering from a THNF-mediated disease as
adjunctive and/or concomitant therapy to methotrexate
therapy, with good to excellent alleviation of the signs
and symptoms of the disease. The present ilnvéntion also
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relates to the discovery that tumor necrosis factor
antagonists can be administered to patients suffering from
a TNF-mediated disease in multiple doses and as adjunctive
and/or concomitant therapy to methotrexate therapy, with a
significant improvement in duration of clinical response.

As a result of Applicants’ invention, a method is
provided herein for treating and/or preventing a TNF-
mediated disease in an individual, comprising co-
administering methotrexate and a tumor necresis factor
antagonist to the individual in therapeutically effective
amounts. The TNF antagonist and methotrexate can be
administered simultaneously or sequentially. The TRF
antagonist and methotrexate can each be administered in
single or multiple doses. Multiple TNF antagonists can bhe
co-zdministered with methotrexate. Other therapeutic
regimens and agents can be used in combination with the
therapeutic co-administration of TNF antagonists and
methotrexate or other drugs that suppress the immune
system,

A method is also provided herein for treating and/or
preventing recurrence of a TNF-mediated disease in an
individual comprising co-administering methotrexate and a
TNF antagonist te the individual in therapeutically
effective amounts.

As used herein, a "TNF-mediated disease’ refers to a
TNF related pathology or disease. TNF related pathologies
of diseases include, but are not limited to, the’following:

() acute and chronic immune and autoimmune
pathologies, such as, but not limited to, rheumatoid
arthritis (RA), juvenile chronic arthritis (Jaa),
thyroiditis, graft versus host disease (GVHD), scleroderma,
dimbetes wmellitus, Graves’ disease, allergy, acute or
chrenic immune disease associated with an allogenic
transplantation, such as, but not limited to, renal
transplantation, cardiac transplantation, bone warrow
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transplantation, liver transplantation, pancreatic
transplantation, small intestine transplantation, lung
transplantation and skin transplantation: .

{B) infections, including, but not limited to, sepsis
syndrome, cachexia, circulatory cellapse and shocok
resulting from acute or chronic bacterial infection, acute
and chronic parasitic and/or infectious diseases,
pacterial, viral or fungal, such as a human
innunodeficiency virus (HIV), acquired immuncdeficiency
gyndrome (AIDS) (including symptoms of cachexia, autoimmune
disorders, AIDS dementia complex and infections);

() inflammatory diseases, such as chronic
inflammatory pathologies, including chronic inflammatery
pathologies such as, but not limited to, sarcoidosis,
chronic inflammatory bowel disease, ulcerative colitis, and
Crohn’s pathology or disease; vascular inflammatory
pathologies, such as, but not limited to, disseminated
intravascular coagulation, atherosclerosis, Kawasaki'’s
pathology and vasculitis syndromes, such as, but not
limited to, polyarteritis nodosa, Wegener’s granulomatosis,
Henoch-Schénlein puxpura, giant cell arthritis and
microscopic vasculitis of the kidneys; chronic active
hepatitis; Sjdgren’s syndrome; spondyloarthropathies, such
as ankylosing spondylitis, psoriatic arthritis and
spondylitis, enteropathic arthritis and spondylitis,
reactive arthritis and arthritis associated with
inflammatory bowel disease; and uveitis;

{D} neurcdegenerative diseases, including, but not
limited to, demyelinating diseases, such as multiple
sclerosis and acute transverse myelitis; myasthenia gravis;
extrapyramidal and cerebellar disorders, such as lesions of
the corticospinal system; disorders of the basal gangila or
cerebellar disorders; hyperkinetic movement ‘disorders, such
as Huntington’s chorea and senile chorea; drug-induced
movement disorders, such as those induced by drugs which
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bleck central nervous system (CNS) dopamine receptors;
hypokinetic movement disorders, such as Parkinsdn's
disease; progressive supranucleoc palsy; cerebellar and
spinocerebellar disorders, such as astructural lesions of
the cerebellum; spinocerebellar degenerations (spinal
ataxiz, Friedreich’s ataxia, cerebellar coxtical
degenerations, multiple systems degenerations (Mencel,
Dejexine-Thomas, S$Shi-Drager, and MachadoJoseph)); and
systemic disorders (Refsum’s disease, abetalipoprotemia, -
ataxia, telangiectasia, and mitochondrial wmultisystem
disorder); disorders of the motor unit, such as neurogenic
muscular atrophies (anterior horn cell degeneration, such
as amyotrophic lateral sclerosis, infantile spinal muscular
atropny and juvenile spinal muscular atrophy); Alzhelimer’s
disease; Down‘s syndrome in middle age; diffuse Lewy body
disease; senile dementia of Lewy body type:
Wernicke-Korsakoff syndrome; chronic alcoholism; primary
biliary cirrhosis:; cryptogenic fibrosing alveplitis and
other £ibrotic lung diseases; hemolytic anemia;
Creutzfeldt-Jakob disease; subacute sclerosing
panencephalitis, Hallerrorden-Spatz disease; and dementia
pugilistica, or any subset thereof;

(E) malignant pathologies involving TNF-gecreting
tumors or other malignancies invelving TNF, such as, but
not limited to, leukemias (acute, chronic myelocytic,
chronic lymphocytic and/or myelodyspastic gyndrome);
lymphomas (Hodekin’s and non-Hodgkin’s lymphomas, such as
malignant lymphomas (Burkitt’s lymphoma or Mycosis
fungoides)) ; '

(F) cachectic syndromes and other pathologies and
diseases involving excess TNF, such as, but not limited to,
cachexia of cancer, parasitic disease and heart failure;
and

(@) alcohol-induced hepatitis and other forms of
chronic hepatitis.
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See, e.g., Berkow et al., Bds., The Merck Manual, 16th
edition, chaprter 11, pp. 1380-1529, Merck and Co., Rahway,
New Jersey, 1992, incorporated herein by reference.

The terms "recurrence®, "flare-up” or "relapse" are
defined to encompass the reappearance of one or more
symptoms of the dlsease state. For example, in the case of
rheumatoid arthritis, a reoccurrence can include the
experience of one or more of swollen joints, morning
stiffness or joint tenderness.

In one embodiment, the invention relates to a method
of treating and/or preventing rheumatoid arthritis in an
individual comprising co-administering methotrexate and a
TNF antagonist to the individual in therapeutically
effective amounts.

In a second embodiment, the invention relates to a
method for treating and/or prevenﬁing Crohn’'s disease in an
individual comprising co-administering a methotrexate and a
TNF antagonist to the. individual in therapeutically
affective amounts.

In 2 third embodiment, the invention relates to a
method for treating and/or preventing aa acute or chronic
immune disease associated with an allogenic transplancation
in an individual comprising co-administering methotrexate
and a TNF antagomist to the individual in therapeutically
effective amounts. As used herein, a "transplantacion"
includes organ, tissue or cell transplantation, such as
renal transplantation, cardiac transplantation, bone marrow
transplantation, liver transplantation, pancreatic
transplantation, small intestine trangplantation, skin
transplantation and lung transplantation.

The benefits of combination therapy with methotrexate
and TNF antagonists inc}ude high clinical response rates
for significantly longer durations in comparison with that
obtained with treatment with each therapeutic medality-
separately. In addition, methotrexate significantly
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reduces immunogenicity of anti-TNF antibodies, thus
permitting administyation of multiple dosages of anti-TNF
antibodies with enhanced safety. The results described
herein suggest that methotrexate can be used to reduce
immunogenicity of other antibodies or proteins. Based on
the results described herein, methotrexate can be used in
other forms of antibody therapy, such as anti-IL-2 antibody
therapy. This method is particularly pertinent in
therapies other than anti-CD4 antibody therapy.

In a further embodiment, the invention relates to
compositions comprising methotrexate and a TNF antagonist.
The compositions of the present invention are useful for
treating a subject having a pathelogy or condition
associated with abnormal levels of a substance reactive
with a TNF antagonist, in particular TNF in excess of, or
less than, levels present in a normal healthy subject,
where such excess or diminished levels cccur in a systemic,
localized or particular tissue type or location in the
body. Such tissue types can include, but are not limited
te, blood, lymph, central nervous system (CNS), liver,
kidney, spleen, heart muscle or blood vessels, brain or
spinal corxd white matter or grey matter, cartilage,
ligaments, tendons, lung, pancreas, ovary, testes,
prostate. Increased or decreased TNF concentrations
relative to normal levels can also be localized to specific
regions or cells in the body, such as joints, nerve blocd
vessel junctions, bones, specific tendons or ligaments, or
sites of infection, such as bacterial or viral infections,

Tumor Necroaism Factor Antagonists

As used herein, a "tumor necrosis factor antagonist”
decreases, blocks, inhibits, abrogates or interferes with
TNF activity in vive. For example, a suitable TNF
antagonist can bind TNF and inc¢ludes anti-TNF antibodies
and razceptor molecules which bind specifically to TNF. A
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suitable TNF antagonist can also prevent or inhibit TNF
gsynthesig and/or TNF release and includes ¢ompounds such as
thalidomide, tenidap, and phosphodiesterase inhibitors,
such as, but not limited to, pentoxifylline and rolipram.
A suitable TNF antagonist that can prevent or inhibit TNF
synthesie and/or TNF release also includes A2b adenosine
receptor enhancers and A2b adenosine receptor agonists
{e.g., 5’-(N-cyclopropyl)-carboxamidoadenosine, 5‘-N-
ethylcarboxamidoadenosine, cyclohexyladenosine and R-N°-
phenvi-2~propyladenosine). See, for example, Jacobson
{GB 2 289 218 A}, the teachings of which are entirely
incorporated herein by reference. A suitable TNF
antagonist can also prevent or inhibit TNF receptor
signalling.

Anti-TNF Antibodies

As used herein, an "anti-tumor necrosis facter
antibody" decreases, blocks, inhibits, abrogates or
interferes with TNF activity in vivo. Anti-TNF antibodies
useful in the methods and compositions of the present
invention include monoclonal, chimeric, humanized,
resurfaced and recombinant antibodies and fragments thereof
which are characterized by high affinity binding to TNF and
low toxicity {(including human anti<murine antibody (HRMA)
and/or human anti-chimeric antibody (HACR) response}. In

‘particular, an antibody where the individual components,

such as the variable region, constant region and framework,
individually and/or collectively possess low immunogenicity
is useful in the present invention. The antibodies which
can be used in the invention are characterized by their
ability to treat patients for extended periods with good to
excellent alleviation of symptoms and low toxicity. Low
immunogenicity and/or high affinity, as well as other

undefined properties, may ¢ontribute to the therapeutic
results achieved.



2015202049 22 Apr 2015

O

10

15

20

25

39

L2
w

-14-

An example of a high affinity monoclonal antibody
useful in the methods and gompositions of the present
invention is murine monoclonal antibody (mAb) A2 and
antibodies which will competitively inhibit in vivo the
binding to human TNFe¢ of anti-TNFe murine mab A2 or an
antibody having substantially the same specific binding
characteristics, as well as fragments and regions thereof.
Murine monoclonal antibody A2 and chimeric derivatives
thereof, such as cA2, are described in U.S. Application
No. 08/192,093 (filed February 4, 1984), U.S. Application
No. 08/192,102 (filed February 4, 1994), U.S. Application
No. 08/182,861 (filed February 4, 1954), U.S. Application
No. 08/324,799 (filed October 18, 1984), and Le, J. et al,,
Internacional Publication No. WO 92/16553 {published
October 1, 1992), which references are entirely
incorporated herein by reference. A second example of a
high affinity monoglonal antibody useful in the methods and
compositions of the present invention is murine mAb 195 and
antibodies which will competitively inhibit in vivo the
binding to human TNFa of anti-TNFa murine 195 or an
antibody having substantially the same specific binding
characteristics, as well as fragments and regions theresof.
Other high affinity monoclonal antibodies ugeful in the
methods and compositions of the present invention include
murine mAb 114 and murine mAb 199 and antibodies which will
competitively inhibit in vivo the binding to human TNFa of
anti-TNFo murine mAb 114 or mab 159 or an antlbody having
substantially the same specific binding characteristics of
mAb 1i4 or mAb 199, as well as fragments and regions
thereof. Murine monoclonal antibodies 114, 195 and 199 and
the method for producing them are described by Méller, A.
et al. (Cytokine 2(3):162-169 (1990)), the teachings of
which are entirely incorporated herein by reference,
Preferred methods for determining mAb specificity and
affinity by ccmpetitive inhibition can be found in Hariew,
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et al.,, Antibodies: A Laborato:f Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1.988);
Colligan et al., eds., Current Protocols in Immunology,
Greene Publishing Assoc. and Wiley Interscience, New York
(1992, 1993); Kozbor et al., Immunol. Today 4:72-79 (1983);
Ausukel et al., eds., Current Protocols in Molecular
Biology, Wiley Interscience, New York (1987, 1992, 1993);
and Muller, Meth. Enzymol. 92:58%-601 (1983), which
references are entirely incorporated herein by reference.

Additienal examples of monoclonal anti-TNF antibodies
that can be used in the present invention are described in
the art (see, e.g., U.S. Application No. 07/943,852 (filed
Seprember 11, 19%2); Rathjen et al., Internatiomal
Publication No. WO 91/02078 (published February 21, 1991);
Rubin et al., EPO Patent Publication 0218868 (published
April 22, 1987); Yone ‘et al., EPO Patent Publication
No. 0288088 (October 26, 1988); Liang, et al., Biochem.
Biophys. Res. Comm. 137:847-854 (1986); Meager, et al.,
Hybridoma 6:305-311 (1987); Fendly et al., Hybridoma
6:352-369 (1987); Bringman, et al., Hybridoma 6:489-507
(1987); Hirai, et al., J. Immunol. Meth. 96:57-62 (1987);
Moller, et al., Cytokine 2:162-169 (13%90), which references
are antirely incorpdréted herein by reference).

Chimeric antibodies are immuncglobulin molecules
characterized by two or more segments or portions derived
from different animal species. Generally, the variable
region of the chimeric antibody is derived from a non-human
mammalian antibody, such as a murine mAb, and the
immunoglobulin constant region is derived from a human
immunoglobulin molecule. Preferably, a variable region
with low immunogenicity is selected and combined with a
human constant region which also has low immunogenicity,
the combination also preferably having low immunogenicity.
"Low" immunogenicity is defined herein as raising
gigrificant HACA or HAMA responses in less than about 75%,
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or preferably less than about 50% of the patients treated
and/or raising low titres in the patient treated (less than
about 300, preferably less than about 100 measured with a
double antigen enzyme immunoassay) (Elliott et al., Lancet
344:1125-1127 (1994), incorporated herein by reference).

As used herein, the term "chimeric antibody" includes
monovalent, divalent or polyvalent immuneglobulins. A
monovalent chimeric antibody is a dimer (HL)) formed by a
chimeric H chain associated through disulfide bridges with
a chimeric L chain. A divalent chimeric antibody is a
tetramer (H2L2) formed by two HL dimers associated through
at least one disulfide bridge. A polyvalent chimeric
antiktody can zlsoc be produced, for example, by emploving a
CH region that aggregates (e.g., from an IgM H chain, or u
chain) .

Antibodies comprise individual heavy (H) and/or light
(L) immunoglobulin chains. A chimeric H chain comprises an
antigen binding region derived from the H chain of a
non-human antibody specific for TNF, which is linked to at
least a portion of a human ¥ chain ¢ region (CH), such as
CH1 or CH2. A chimeric L chain comprises an antigen
binding region derived from the L chain of a non-human
antibody specific for TNF, linked to at least a portion of
a human L chain ¢ region (CL).

Chimeric aptibodies and methods for their production
have been described in the art (Morrison et al., Proec.
Natl. Acad. Sci. USA 81:6851-6855 (1984) ; Boulianne et al.,
Nature 312:643-646 (1984); Neuberger et al., Nature
314:268-270 (1985); Taniguchi et al,, European Patent
Application No. 171496 (published February 19, 13585)};
Morrison et al., Buropean Patent Application No. 173494
(published March 5, 1986); Neuberger et al., PCT
Application No. WO 86/01533, (publighed March 13, 1988);
Kudo gt al., European Patent Application No. 184187
(pukiished June 11, 1986); Morrison et al., European Patent
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Application No. 173494 (published March 5, 1986); Sahagan
et al., J. Inmunol. 137:1066-1074 (1986) ; Robinson et al.,
International Publication No. PCT/USB6/02265 (published
May 7, 1987); Liu et al., Proc. Natl. Acad. Sci. USA
84:3435-3443 (1987); Sun et al., Proc. Natl. Acad. Sci. USa
84:214-218 (1987); Better et al., Secience 240:1041-1043
{1988); and Harlow and Lane, Antibedies: A Laboratory
Manual, Cold Spring Harbor Laboratory, New York, 1988).

‘These references are entirely incorporated herein by

reference.

The anti-TNF chimeric antibody can comprise, for
example, two light chains and two heavy chains, each of the
chains comprising at least part of a human constant region
and at least part of a variable (V) region of non-human
origin having specificity to human TNF, said antibody
binding with high affinity to an inhibiting and/or
neutralizing epitope of human TNF, such as thelantibody
CAZ. The antibody alse includes a fragment or a derivative’
of such an antibody, such as one or more portions of the
antibedy chain, such as the heavy chain constant or
variable regions, or the light chain constant or variable
regions.

Humanizing and resurfacing the antibody can Ffurther
reduce the immunogenicity of the antibody. See, for
example, Winter (U.S. Patent No. 5,225,539 and
EP 229,400 Bl), Padlan et al. (BP 519,596 Al) and Pedersen
et al. (EP 592,106 Al). These references are incorporated
herein by reference.

Preferred antibodies useful in the methods and
compositions of the present invertion are high affinity
human-murine chimeric anti-TNF antibodies, and fragments or
regions thereof, that have potent inhibiting and/or
neutralizing activity in vive against human TNFo. Such
antibodies and chimeric antibodies can include those
generated by immunization using purified recombinant TNFo
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or peptide fragments thereof comprising one or more
epitopes.

An example of such a chimeric antibedy is cA2 and
antibodies which will competitively inhibit in vivo the
binding to human TNFa of anti-TNFe murine mAb A2, chimeric
mAb ¢A2, or an antibedy having substantially the same
specific binding characteristics, as well as fragments and
regions thereof. Chimeric mAb cA2 has been described, for
éxample, in U.S. Application No. 08/192,093 (filed
February 4, 1994), U.s. Application No. 08/192,102 {filed
February 4, 1994), U.S. Application No. 08/192,861 (filed
February 4, 19%4), and U.s. Rpplication No. 08/324,79¢
{filed QOctober 18, 1994), and by Le, J. et al.
{(International Publication No. WO 92/16553 (pubiished
Octoper 1, 1992)); Knight, D.M. et al. {Mol. Immunol.
30:1443-1453 (1993)); and Siegel, S.A. et al. {Cytokine
7(1):15-25 (1995)). These references are entirely
incorporated herein by reference.

Chimeric A2 anti-TNF consists of the antigen binding
variable region of the high-affinity neutralizing mouse
anti-human TNF i1gGl antibody, designated A2, and the
constant regions of a human IgGl, kappa immunoglobulin.
The nhuman IgGl Fec region improves allogeneic¢ antibody
effecrtor function, increases the ¢irculating sexrum
half-life and decreases the immunogenicity of the antibody.
The avidity and epitope specificity of the chimeric A2 is
derived from the variable region of the murine A2.
Chimeric A2 neutralizes the cytotoxic effect of both
natural and recombinant human TNF in a dose dependent
manner. From binding assays of cA2 and recombinant human
TNF, the affinity constant of cA2 wasg calculated to be
1.8x10°M". preferred methods for determining mAb
specificity and affinity by competitive inhibition can be
found in Harlow} et al., Antibodies: A Laboratory Manual,
Colé Spring Harbor Laboratory Press, Cold Spring Harbor,



r

2015202049 22 Apr 2015

O

10

15

20

25

-
30
3

-19~

New York, 1988; Colligan et al., eds., Current Protocols in
Immunology, Greene Publishing Assoc. and Wiley
Interscience, New York, (1992, 1893); Kozbor et al.,
Immunol. Today 4:72-7% {1983); Ausubel et al., eds, Current
Protocols in Molecular Biology, Wiley Intérscience, New
York (1987, 1992, 1993); and Muller, Meth. Enzymol.
92:589-601 (1983), which references are entirely
incorporated herein by reference.

As used herein, the term "antigen binding region’
refers to that portion of an antibody molecule which
contains the amino acid residues that interact with an
antigen and confer on the antibody its specificity and
affinity for the antigen. The antibody region includes the
"framework" amino acild resigues necessary to maintain the
proper conformation of the antigen-binding residues.
Generally, the antigen binding regjion will be of murine
origin. In other embodiments, the antigen binding region
can be derived from other animal species, such as sheep,
rabbit, rat or hamster. Preferred sources for the DNA
encoding such a non-human antibedy include cell lines which
produce antibody, preferably hybrid cell lines commonly
known as hybridomas. 1In one embodiment, a preferred
hybridoma is the A2 hybridoma cell lipe.

An "antigen" is a molecule or a portion of a molecule
capable of being bound by an antibody which is additionally
capable of inducing an animal to produce antibody capable
of selectively binding to an epitope of that antigen. Aan
antigen can have one or more than one epitope.

The term "epitope" is meant to refer to that portion
of the antigen capable of being recognized by and bound by
an antibody at one or more of the antibody’s antigen
binding region. Epitopes usually consist of chemically
active surface groupings of molecules such as amino acids
or sugar side chains and have specific three dimensional
structural characteristics as well as specific charge
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characteristics. By Yinhibiting and/or neutralizing
epitope" is intended an epitope, which, when bound by an
antibody, results in loss of biological activity of the
molecule containing the epitope, in vive or in vitro, more
preferably im vivo, including binding of TNF to a TNF
receptor. Epitopes of TNF have been identified within
amine acids 1 to about 20, about 56 to about 77, about 108
to about 127 and about 138 to abour 149. Preferably, the
antibody binds to an epitope comprising at least about §
amino acids of TNF within INF residues from about B87 to
about 107, about 59 to about 80 or a combination thereof.
Generally, epitopes include at least about 5 amino acids
and Zess than about 22 amino acids embracing or overlapping
One cr more Of these regions.

For example, epitopes of TNF which are recognized by,
and/or binds with anti-TNF activity, an antibody, and
fragments, and variable ¥egions thereof, include:

59-80: Tyr-Ser~G1n-Val-Leu~Phe-Lys-Gly-Gln-Gly-
Cys-Pro-ser-Thy-His-Val-lLeu-Leu-Thr-His-
Thr-Ile (SEQ ID NO:1); and/or

87-108:  Tyr-Gln-Thr-Lys-Val-Asn-Leu-Leu-Ser-Ala-
Ile-Lys-Ser-Pro-Cys-Gln-Arg-Glu-Thr-Pro-
Glu-Gly (SEQ ID NO:2).

The anti-TNF antibodies, and fragments, and variable
regicns thereof, that are recognized by, and/or binds with
anti-TNF activity, these epitopes block the action of TNFa
witheut binding to the putative receptor binding locus as
presented by Eck and Sprang (J. Biol. Chem. 264(29):
17598-17605 (1989) (amino acids 11-13, 37-42, 49-57 and
155-327 of hTNFa). Rathjen et al., International
Publication No. WO 91/02078 (published February 21, 18291},
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incorporated herein by reference, discloses TNF ligands
which can bind additional epitopes of TNF.

Antibody Production Using Hybridomas

The techniques to raise antibodies to small peptide
sequerices that recognize and bind to those sequences in the
free or conjugated form or when presented as a native
sequence in the context of a large protein are well known
in the art. Such antibodies can be produced by hybridoma
or recombinant techniques known in the art.

Murine antibodies which can be used in the preparation
of the antibodies useful in the methods and compositions of
the present invention have also been described in Rubin et
al., EP 0218868 (published April 22, 1987); Yone et al.,

EP 0288088 (published October 26, 1588); Liang, et al.,
Biochem. Biophys. Res. Comm. 137:847-854 (1986); Meager, et
al., Hybridoma 6:305-311 (1987); Fendly et al., Hybridoma
6:353-369 (1987); Bringman, et al., Hybridoma 6:489-507
(1987); Hirai, et al., J. Immunol. Meth. 96:57-62 (1987) ;
M8ller, et al., Cytokime 2:163-169 (1990). '

The cell fusions are accomplished by standard
procedures well known to those skilled in the field of
immnology. Fusion partner cell lines and methods for
fusing and selecting hybridomas and screening for maAbs are
well known in the art., See, e.g, Ausubel infra, Harlow
infra, and Colligan infra, the contents of which references
are incorporated entirely herein by reference.

The TNFo-specific murine mAb useful in the methods and
compositions of the present invention can be produced in
large quantities by injecting hybridoma or transfectoma
cells secreting the antibody into the peritoneal cavity of
mice and, after appropriate time, harvesting the ascites
fluid which contains a high titer of the maAb, and isolating
the mAb therefrom. For such in vivo preoduction of the mab
with a hybridema (e.g., rat or human), hybridoma cells are
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preferably grown in irradiated or athymic nude mice,
Alternatively, the antibodies can be produced by culturing
hybridoma or transfectoma cells in vitro and iselating
secrected mAb from the cell culture medium or recombinantly,
in eukaryotic or prokaryotic cells.

In one embodiment, the antibody used in the methods
and compositions of the Present invention is a maAb which
binds amino acids of an epitope of TNF recognized by Az,
rAZ or cA2, produced by a hybridoma or by a recombinant
host. In another embodiment, the antibody iz a chimeric
antibody which recognizes an epitope recognized by A2. 1In
still another embodiment, the antibody is a chimeric
antibody designated as chimeric A2 (ca2).

As examples of antibodies useful in the methods and
compositions of the piesent invention, murine mAb A2 isg
produced by a cell line designated c134A. Chimeric
antibody cA2 is produced by a cell line designated c1e8A.
Cl68A was deposited at the American Type Culture
Collection, Rockville, Maryland, as a "Culture Safe
Deposit,*

"Derivatives" of the antibodies including fragments,
regions or proteins encoded by truncated or modified genes
to yield molecular species functionally resembling the
immuncglobulin fragmencs are also useful in the methods and
compositions of the present invention. The modifications
include, but are not limited to, addition of genetic
sequences coding for cytotoxic proteins such as plant and
bacterial toxing. The fragments and derivatives can be
produced from appropriate cells, as is known in the arc.
Alternatively, anti-TNF antibodies, fragments and regions
can be bound to cytotoxic proteins or compounds in vitxo,
Lo provide cytotoxic anti-THF antibodies which would
selectively kill cells having TNF on their surface.

"Fragments" of the antibodies include, for example,
Fab, Fab’, F{ab‘'), and Fv. Thesa fragments lack the Fc
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fragmeﬁt of intact antibody, clear more rapidly from the
cireulation, and can have less non-specific tissue binding
than an intact antibody (Wahl et al., J. Nucl. Med.
24:316-325 (1983)). These fragments are produced from
intact antibodies using methods well known in the art, for
example by proteolytic cleavage with enzymes such asg papain

(to produce Fab fragments) or pepsin (to produce F{ab'},
fragments) .

Recombinant Expression of Anti-TNF Antibodies

Recombinant and/or chimeric murine-human or
human-human antibodies that inhibit TNF can be produced
using known techniques based on the teachings provided in
U.S. Application No. 08/192,093 (filed February 4, 1994),
U.S. Application No. 08/192,102 (filed February 4, 1994},
U.S. Application No. 08/192,861 (filed February 4, 1994},
U.S. Application No. 08/324,75%9% (filed on October 18, 199%94)
and Le, J. et al., Internmational Publication No,

WO 22/16553 (published October 1, 1992), which references
are entirely incorporated herein by reference. See, e.qg.,
Ausukel et al., eds. Current Protocels in Molecular
Biology, Wiley Interscience, New York (1987, 1992, 1993},
and Sambrook et al. Moleculaxr Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, New York
{(1982), the contents of which are entirely incorporated
herein by reference. gee also, e.g., Knight, D.M., et al.,
Mol. Immunol 30:1443-1453 (1993}, and Siegel, S.A., et al.,
Cytokine 7(1):15-25 {1895), the e¢ontents of which are
entirely incorporated herein by reference.

The DNA encoding an anti-TNF antibody can be genomic
DNA cr ¢DNA which encodes at least one of the heavy chain
constant region (H¢), the heavy chain variab;e region (He),
the 1ight chain variable region (Lv) and the light chain
conetant regions (L¢). A convenient alternative to the use
of chromosomal gene fragments as the source of DNA encoding
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the murine V region antigen-binding segment is the use of
¢DNA f£or the construction of chimeric immunoglobulin genes,
€.9., as reported by Liu et al. (Proc. Natl. Acad. seci.,
USA 84:3439 (1987) and J. Immunology 139:3521 (1987)),
which references are entirely incorporated herein by
reference. The use of cDNA requires that gene expression
elements appropriate for the host cell be combipned with the
gene in order to achieve synthesis of the desired protein.
The use of cbhnA sequences is advantageous over genomic
sequences (which contain introns), in.that CDNA sequences
can be expressed in bacteria or other hosts which lack
appropriate RNA splicing Systems. An example of such a
preparation is set forth below.

Because the genetic code is degenerate, more than one
¢odon can be used to encode a particular amino acid. Using
the genetic code, one or more different oligonucleotides
can be identified, each of which would be capablie of
encoding the amino acid. The probability that a particular
oligonucleotide will, in fact, copstitute the actual X~
encoding sequence ¢an be estimated by congidering abnormal
base pairing relationships and the frequency with which a
particular codon is actually used (to encode a particular
amino acid) in eukaryotic or prokaryotic cells expressing
an anti-TNF antibody or fragment. Such "eodon usage ruleg®
are disclosed by Lathe, et al., J. Mol. Biol. 183:1-12
{(1985). Using the "codon usage rules" of Lathe, a single
oligonucleotide, or a set of oligonucleotides, that
coentains a theoretical "most probable" nuclectide sequence
capable of encoding anti-TNF variable or constant region
Sequences is identified. '

Although occasionally an amine acid sequence can be
encoded by only a single oligonucleotide, frequently the
amino acid sequence can be encoded by any of a set of
similar oligonucleotides. Iﬁpcrtantly, whereas all of the
members of this set econtain oligonucleotides which are
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capable of encoding the peptide fragment and, thus,
potentially contain the same oligonucleotide sequence as
the gene which encodes the peptide Eragment, only one
member of the set contains the nuclestide sequence that is
identical to the nucleotide sequence of the gene. Because
this member is present within the set, and is capable of
hybridizing to DNA even in the presence of the other
members of the set, it is possible to employ the
unfractionated set of oligomucleotides in the same mannex
in which one would employ a single oligonuclectide to clone
the cene that encodes the protein.

The oligonucleotide, or set of oligonucleotides,
conczining the theoretical "most'probable" sequence gapable
of encoding an anti-TNF antibody or fragment including a
variable or constant region is used to identify the
sequence of a complementary oligonuclectide or set of
oligemucleotides which is capable of hybridizing to the
"most probable' sequence, or set of gequences. An
oligonucleotide containing such a complementary sequence
¢an te employed as a probe to identify and isolate the
variable or constant region anti-TNF gene (Sambrook et al.,
infrz),

A suitable oligonucleotide, or set of
oligsnucleotides, which is capable of encoding a fragment
of the variable or constant anti-TNF region (or which is
complementary to such an oligonucleotide, or set of
oligonucleotides) is identified (using the above-described
procedure), synthesized, and hybridized by means well known
in tre art, against a DNA or, more preferably, a cDNA
preparation derived from cells which are capable of
expressing anti-TNF antibodies or variable or constant
regicns thereof. Single stranded oligonucleotide molecules
compementary to the "most probable" variable or constant
anti-INF region peptide coding sequences can be synthesized
usirg procedures which are well known to those of ordinary
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skill in the art (Belagaje, et al., J. Bicl. Chem.
254:5765-5780 (1979); Maniatis, et al., In: Molecular
Mechanisms in the Control of Gene Expression, Nierlich, et
al., eds., Acad. Press, New York (1976); Wu, et al., Prog.
Nuecl. Acid Res. Molec. Biol. 21:101-141 (1978); Xhorana,
Science 203:614-625 (1579})). Additionally, DNA synthesis
can be achieved through the use of automated synthesizexs.
Techniques of nucleic acid hybridization are disclosed by
Sambrock et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York {1569); and
by Haynes, et al., in; Nuclelc Acid Hybridization, A
Pracctical Approach, IRL Pfess, Washington, DC (1985), which
references are entirely incorporated herein by reference.
Techniques such as, or similar to, those described ahove
have successfully enabled the cloning of genes for human
aldehyde dehydrogenases (Hsu, et al., Proc. Natl. Acad.
Sci. USA 82:3771-3775 {1985)), fibronectin (Suzuki, et al.,
Bur. Mol. Biol. Organ. J. 4:2519-2524 (1985)), the human
estrogen receptor gene (Walter, et al., Proc. Natl. Acad,
Sci. USA 82:7889-7893 (1985)), tissue-type plasminogen

activator (Pennica, et al., Nature 301:214-221 (1983)) and

human placental alkalipe phosphatase complementary DNA
(Keun, et al., Proc. Natl. Acad. Sci. USA 82:8715-8719
{1985)) .

In an alternative way of cloning a polynucieotide
enceding an anti-TNF variable or constant region, a library
of expression vectors is prepared by cloning DNA or, more
preferably, cDNA (from a cell capable of expressing an
anti-TNF antibody or variable or constant region) into an
exXpression vector. The library is then screened for
members capable of eXpressing a protein which competitively
inhibits the binding of an anti-TNF antibody, such as A2 or
CA2, and which has a nucleotide Sequence that is capable of
encoding polypeptides that have the same amino acid
sequerice as anti-TNF antibodies or fragments thereof. In
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this embodiment, DNA, or more preferably cDNA, is extracted
and purified from a cell which is capable of expressing an
anti-TNF antibody or fragment. The purified cDNA is
fragmentized (by shearing, endonuclease digestion, etc.) to
produce a pool of DNA or cDNA fragments. DNA or cDNA
fragments from this pool are then cloned into an expression
vector in order to produce a genomic library of expression
vectors whose members each contain a unique cloned DNA or
cDNA fragment such as in a lambda phage library, expression
in prokaryotic cell (e.g., bacteria) or eukaryotic cells,
(e.g., mammalian, yeast, insect or, fungus). See, e.g.,
Ausubel, infra, Harlow, infra, Colligan, infra; Nyyssonen
et al. Bio/Technology 11:591-595 (1993} ; Marks et al.,
Bio/Technology 11:1145-1149 (October 1993). Once nucleic
acid encoding such variable or constant anti-TNF regions is
isolated, the nucleic acid can be appropriately expressed
in a host cell, along with other constant or variable heavy
or light chain encoding nucleic acid, in order to provide
recombinant monoclonal antibodies that bind TNF with
inhibitory activity. Such antibodies preferably include a
murine or human anti-TNF variable region which contains a
framework residue having complementarity determining
residues which are responsible for antigen binding.

Human genes which encode the constant (C) regions of
the chimeric antibodies, fragments and regions of the
present invention can be derived from a human fetal liver
library, by known methods. Human C region genes can be
derived from any human cell including those which express
and produce human immunoglobulins. The human CH region can
be derived from any of the known classes or isotypes of
human H chains, including gamma, K, @, & or e, and subtypes
thereof, such as Gl, G2, G3 and G4. Since the H chain
isotype is responsible for the various effector functions
of an antibody, the choice of CH region will be guided by
the desired effector functions, such as complement
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fixavion, or activity in antibody-dependent celluylar
aytotoxicity (ADCC). Preferably, the CH region is derived
from gamma 1 (IgG1), gamma 3 (IgG3), gamma 4 {IgG4), or u
{IgM). The human CL region can be derived from either
human L chain isotype, kappa or lambda.

Genes encoding human immunoglobulin ¢ regions are
obtained from human cells by standard cloning technicques
(Sambrook, et al. (Molecular Cloning: A Laboratory Manual,
2nd Edition, Cold Spring Harbor Press, Cold Spring Harbor,
New York {1989) and Ausubel et al., eds., Current Protocols
in Molecular Biology, Wiley Interscience, New York
(1987-1883)). Human C region genes are readily available
from known clones containing genes representing the two
classes of I chains, the five classes of H chains ang
subclasses thereof. Chimeric antibody fragments, such as
Flab'}), and Fab, can be prepared by designing a chimeric H
chain gene which is appropriately truncated. For example,
a chimeric gene encoding an H chain portion of an F{ab‘),
fragment would include DNA sequences encoding the CHl
domain and hinge region of the H chain, followed by a
translational stop coden to vield the truncated molecule.

Generally, the murine, human and chimeric antibodies,
fragments and regions are produced by cloning DNA segments
encoding the H and L chain antigen-binding regions of a
INF-specific antibody, and joining these DNA segments to
DNA segments encoding CH and CL regions, respectively, to
produce murine, human or chimeric immunoglobulin-encoding
genes. Thus, in a preferred embodiment, a fused chimeric
gene s created which compriges a first DNA segment that
encedes at least the antigen-binding region of non-human
origin, such as a functionally rearranged V region with
joining (J) segment, linked to a second DNA segment
enceding at least a part of a human C region.
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Therefore, cDNA encoding the antibody V and C regions
and the method of producing a chimerie antibody can involve
several steps, outlined below:

1. isolation of messenger RNA (mRNA) from the cell
line producing an anti-TNF antibody and from
optional additional antibodies supplying heavy
and light constant regions; cloning and cDNA
production therefrom;

2. preparation of a full length cDNA library from
purified mRNA from which the appropriate V and/or
C region gene segments of the L and H chain genes
can be: (i) identified with appropriate probes,
(ii) sequenced, and (iii) made compatible with a

C or V gene segment from another antibody for a
chimerie antibody;

3. Construction of complete H or L chain coding
Sequences by linkage of the cloned specific V

region gene- segments to clomed C region gene, as
described above;

4, Expression and production of I, and H chaing in
selected hosts, including prokaryotic and
eukaryotic cells to provide murine-murine,

human-murine, human-human or human-murine
antibodies.

One common feature of all immunoglobulin H and I, chain
genes and their encoded mRNAs is the J region. H and L
chain J regions have different sequences, but a high degree
of sequence homology exists (greater than 80%) among each
group, especially near the C region. This homology is
exploited in this method and consensus sequences of H and L
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chain J regions can be used to design oligonucleotides for
use as primers for introducing useful restriction sites
into the J region for subsequent linkage of V region
segments to human C region segments.

¢ region cDNA vectors prepared from human cells can be
modified by site-directed mutagenesis to place a
restriction site at the analogous position in the human
sequence. For example, one can clene the complete human
kappa chain € .(Ck) region and the complete human gamma-1 C
region (C gamma-1). In this case, the alternative method
based upon genomic ¢ region clones as the source for C
regicn vectors would not allow these genes to be expressed
in bacterial systems where enzymes needed to remove
intervening sequences are absent. Cloned V region segments
are excised and ligated to L or H chain C region vectors.
Alrvernatively, the human C gamma-1l region can be modified
by introducing a termination codon thereby generating a
gene sequence which encodes the H chain poxrtion of an Fab
molecule., The coding Sequences with linked V and C regions
are then transferred into appropriate expresslon vehic¢les
for expression in appropriate hosts, prokaryotic or
eukaryotic.

Two coding DNA sequences are said to be "operably
linked" if the linkage results in a continhuously
translatable sequence without alteration or Interruption of
the criplet reading frame. A DNA coding sequence is
operably linked to a gene expression element if the linkage
results in the proper function of that gene expresgion
element to result in expression of the coding sequence.

‘Expression vehicles include plasmids or other vectors.
Preferred among these are vehicles carrying a functionally
complete human CH or CL chain sequence hav;ng appropriate
regtriction sites engineeved so that any VH ox VL chain
sequence with appropriate cohesive ends can be easily
inserzed therein. Human CH or CL chain sequence-containing
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vehicles thus gerve as intermediates for the expression of
any desired complete H or L chain in any appropriate host.

A chimeric antibody, such as a mouse-human or
human-human, will typically be synthesized from genes
driven by the chromosomal gene promoters native to the
mouse H and L chain V regions used in the constructs;
splicing usually occurs between the splice donor site in
the mouse J region and the splice acceptor site preceding
the human C region and also at the splice regions that
occur within the human ¢, region; polyvadenvliation and
transcription termination gccur at native chremosomal sites
downstream of the human coding regions.

A nucleic acid sequence encoding at least one anti-TNF
antibody fragment may be recombined with vector DNA in
accordance with conventional techniques, including
blunt-ended or staggered-ended termini for ligation,
restriction enzyme digestion to provide appropriate
termini, £illing in of cohesive ends as appropriate,
alkaline phosphatase treatment to avoid undesirable
joining, and ligation with appropriate ligases, . Techniques
for such manipulations are disclosed, e.g., by Ausubel,
supra, Sambrook, supra, entirely incorporated herein by
referance, and are well known in the art.

A nucleic acid molecule, such as DNA, is "capable of
expressing" a polypeptide if it contains nucleotide
sequences which contain transcriptional and translational
regulatory information and such sequences are "operably
linked" to nucleotide sequences which encode the
polypeptide. An operable linkage is a linkage in which the
regulatory DNA sequences and the DNA sequence sought to be
expressed are connected in such a way as to permit gene
expression as anti-TNF peptides or antibedy fragments in
recoverable amounts. The precise nature of the regulatory
regions needed for gena expression may vary from organism
Lo organism and is well known in the analogous art. Sae,



r

2015202049 22 Apr 2015

10

15

20

25

30

3%

e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, New York
(1989); and Ausubel, eds., Current Protocols in Molecular
Biology, Wiley Interscience, New York (1987, 1993).

Many vector systems are available for the expression
of clened anti-TNF peptide H and L chain genes in mammalian
cells (see Glover, ad., DNA Cloning, Vol. II, pp. 143-238,
IRL Presgs, Washington, DC, 1985). Different approaches can
be followed to obtain complete H2L2 antibodies. Tt is
possible to co-express H and L chains in the same cells to
achieve intracellular association and linkage of § and L
chains into complete tetrameric H2L2 antibodies. The
co-expression can occur by using either the same or
different plasmids in the same host, Genes for both H and
L chains can be plaged inte the same plasmid, which is then
transfecced into cells, thereby gelecting directly for
cells that express both chains., Alternatively, cells can
be transfected first with a plasmid encoding one chain, for
exatiple the L chain, followed by transfection of the
resulting cell line with an ¥ chain plasmid containing a
second selectable marker. Cell linpes producing H2L2
molecules via either route could be transfected with
plasmids encoding additional copies of peptides, H, L, or H
plus L chains in conjunction with additional selectable
markers to generate cell lines with enhanced properties,
such a& higher production of assembled H2L2 antibody

molecules or enhanced stability of the transfected cell
lines.

Receotor Molecules

Receptor molecules (also referred to herein as soluble
TNF receptors) useful in the metheds and campositions of
the present invention are those that hind TNF with high
affinity (see, e.g., Feldmann et al., International
Publication No. WO 92/07076 (published April 30, 1992),
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incorporated herein by reference) and pogsess low
immuncgenicity. In particular, the 55 kDa (p55 TNF-R) and
the 75 kDa (p75 TNF-R) TNF cell surface receptors are
useful in the present invention. Truncated forms of thesae
receptors, comprising the extracellular domains (ECD) of
the receptors or functional portions thereof, are also
useful in the present invention. Truncated forms of the
TNF receptors, comprising the ECD, have been detected in
urine and serum as 30 kDa and 40 kDa TNF inhibitory binding
proteins (Engelmann, H. et al., J. Biol. Chen. 265:1531-~
1536 (1990)). TNF receptor multimeric molecules and TNF
immunoreceptor fusion molecules, and derivatives and

-fragments or portions thereof, are additional examples of

recepror molecules which are useful in the methods and
compositions of the present invention. The receptox
molecules which can be used in the invention atre
characterized by their ability to treat patients for
extended periods with good to excellent alleviation of
symptoms and low toxicity. Low immunogenicity and/or high
affinity, as well as other undefined properties, may
contribute to the therapeutic results achieved.

TNF receptor multimeric molecules useful in the
present invention comprise all or a functional portion of
the ECD of twe or more TNF receptors linked via one ox more
polypeptide linkers. The multimeric molecules can further
comprise a signal peptide of a secreted protein to direct
expression of the multimeric molecule. These multimeric
molecules and methods for their production have been
described in U.S. Application No. 08/437,533 (filed May 9,
1995}, the content of which is entirely incorporated herein
by reference.

TRF immunoreceptor fusion molecules useful in the
methcds and compositions of the present invention comprise
at least one portion of one or more immunoglobulin

molecules and all or a functional portion of one or more
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TNF receptors. These immunoreceptor fusion molecules can
be assembled as monomers, or hetero- oy homo-multimers,
The immunoreceptor fusion molecules can also be monovalent
or multivalent. An example of such a TNF immunoreceptoxr
fusion molecule is TNF receptor/IgG fusion protein,

TNF immuncreceptor fusion molecules and methods for
their production have been described in the art (Lesslauer
et al., Bur. J, Immunol. 21:2883-2886 (1291) ; Ashkenazi et
al., Proc. Natl, Acad. Sci. USA 88:10535-10539 (1991);
Peppel et al., J. Exp. Med. 174:14B83-1489 (1981) ; Kolls et
al., Proc. Natl. Acad. Sci. USA 91:215-219 {1994) ; Butler
et al., Cytokine 6(6):616-623 (1994); Bakexr et al., Eur. J.
Immunol. 24:2040-2048 (1994); Beutler et al., U.S. Patent
No. £,447,851; and U.S. Application No. 08/442,133 (filed
May 16, 1995)}). These references are entirely incorporated
herein by reference. Methods for producing immunoreceptoxr
fusion molecules can also be found in Capon et al., U.S.
Patent No. 5,116,964; Capon et al., U.S. batent
No. 5,225,538; and Capon et al., Nature 33%7:525-531 {1989),
which references are entirely incorporated herein hy
reference.

Derivatives, fragmen;s, regions and functional
portions of the receptor molecules functionally resemble
the receptor molecules that can be used in the present
invencion (i.e., they bind TNF with high affinity and
possess low immunogenicity). A functional equivalent or
derivative of the receptor molecule refers to the portion
of the receptor molecule, or the portion of the receptor
mole¢ule sequence which encodes the receptor melecule, that
is of sufficient size and sequences to functionally
resemble the receptor molecules that can be used in the
present invention (i.e., bind TNF with high affinity and
possess low immunogenicity). A functional equivalent of
the receptor molecule also includes modified receptor
molecules that functionally resemble the receptor molecules
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that can be used in the present invention (i.e., bind TNF
with high affinity and possess low immunogenicity). For
example, a functional equivalent of the receptor molecule
can contain a "SILENT" codon or one or more amino acid
substitutions, deletions or additions (e.g., substitucion
of one acidic amino acid for another acidic amino acid; or
substitution of one codon encoding the same or different
hydrophobic amino acid for another codon encoding a
hydrephobic aminc acid). See Ausubel et al., Current

Protccols in Molecular Biology, Greene Publishing Assoc.
and Wiley-Interscience, New York (1389) .,

Methotrexate

Presently available oral and intravenous formulations
of methotrexate include Rheumatrex® methotrexate dose pack
(Lederle Laboratories, Wayne, NJ); methotrexate tablets
(Mylan Pharmaceuticals Inc., Morgantown, WV; Roxane
Laboratories, Inc., Columbus, OH) ; and methotrexate sodium
tablets, for injection and injecticn (Immunex Corporation,
Seattle, WA) and methotrexate LPF® sodium (methotrexate
sodium injection) (Immunex Corporation, Seattle, WA).
Methotrexate is also available from Pharmacochemie
(Netrerlands), Methotrexate prédrugs, homologs and/or
analegs (e.g., folate antagonists) can also be used in the
methods and compositions of the present invention.
Altexnatively, other immunosuppressive agents (or drugs
that suppress the immune system) can be used in the methods
and compositions of the present invention.

Adminigtration
TNF antagonists, methotrexate and the compositions of
the present invention can be administered to an individual

in a variety of ways. The routes of administration include
intradermal, transdermal {(e.g., in slow release polymers),

intramuscular, intraperitoneal, intravenous, subcutaneous,
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oral, topical, epidural, buccal, rectal, vaginal and
intranasal routes. Any other therapeutically efficacious
route of administration can be used, for example, infusion
or bolus injection, absorption through epithelial or
mucocutaneous linings, or by gene therapy wherein a DNA
molecule encoding the therapeutic protein or peptide is
administered to the patient, e.g., via a vector, which
causes the protein or peptide to be expreased and secreted
at therapeutic levels in vivo. 1In addition, the TNF
antagonists, methotrexate and compositions of the present
invention can be administered together with other
components of biologically active agents, such as
pharmaceutically acceptable surfactants (e.g., glycerides),
excivients (e.g., lactose), carriers, diluents and
vehicles., TIf desired, certain sweetening, flavoring and/or
coloring agents can also be added.

The TNF antagonists and methotrexate can be
administered prophylactically or therapeutically to an
individual. TNF antagonistes can be administered prior to,
simuitaneously with (in the same oxr different compositions)
or sequentially with the administration of methotrexate,
For sxample, TNF antagonists can be administered as
adjuncrive and/or concomitant therapy to methotrexate
therapy.

For parenteral {e.g., intravensus, subcutaneous,
intramuscular) administration, TNF antagonists,
methotrexate and the compositions of the present invention
can be formulated as a solution, suspension, emulsion or
lyopnilized powder in association with a pharmaceutically
acceptable parenteral vehicle. Examples of such vehicles
are water, saline, Ringer’s solution, dextrose solution,
and £% human serum albumin. Liposomes and nonaqueous
vehicles such as fixed oils can also be used. The vehicle
or lyophilized powder can contain additives that maintain
isotznicity (e.g., sodium chloride, mannitol) and chemical
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stability {e.g., buffers and pPreservatives), The
formulation ig sterilized by commonly used techniques.

Suitable pharmaceutical carriers are described in
Remington’s Pharmaceﬁtical Sciences, A. 0sol, a standard
reference text in thig field of art.

For example, a parenteral composition suitable for
administration by injection is pPrepared by dissolving 1,53
by weight of active ingredient in 0.9% sodium chloride
golution,

TNF antagenists and methotrexate are administered in
therapeutically effective amounts; the compositions of the
present invention are administered in a therapeutically
effective amount. As used herein, a “therapeutically
effective amount" is such that administration of TNF

antagonist and methotrexate, or administration of a

composition of the present invention, results in inhibition
of the biological activity of TNF relative to the
biologiecal activity of TNF when therapeutically effective
amounts of antagonist and methotrexate are not
administered, or relative to the biologiéal activity of TNF
when a therapeutically effective amount. of the composition
is not administered. & therapeutically effective amount is
preferably an amount of TNF antagonist and methotrexate
necessary to significantly reduce or eliminate signs and
symptoms associated with a particular TNF-mediated disease.
As used herein, a therapeutically effective amount is not
necessarily an amount such that administration of the TNF
antagonist alone, or administration of methotrexate alone,
MUst necessarily result in inhibition of the biological
activity of TNF.

Once a therapeutically effective amount has been
administered, a maintenance amount of TNF antagonist alone,
of methotrexate alone, or of a combination of TNF
antagonist and methotrexate can be administered to the
individwal. A maintenance amount is the amount of TNF
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antagonist, methotrexate, or combination of TNF antagonist
and methotrexate necessary to maintain the reduction or
elimination of the signg and symptoms associated with g
particular TNF-mediated disease achieved by the
therapeutically effective dose. The maintenance amount can
be administered in the form of a single dose, or a series
or doges separated by intervals of days or weeks.

The dosage adwinistered to an individual will vary .
depending upon a variety of factors, including the
pharmacodynamic characteristics of the particular
antagonists, and its mode and route of administration;
size, age, sex, health, body weight and diet of the
recipient; nature and extent of symptoms of the disease
being treated, kind of concurrent treatment, frequency of
treactment, and the effect desired. In vitro and in vivo
methods of determining the inhibition of INF in an
individual are well known to those of skill in the art.
Such in vitre assays can include a TNF cytotoxicity assay
(e.g., the WEHI assay or a radioimmunoassay, ELISA). In
vivo methods can include rodent lethality assays and/or
primate pathology model gsystems (Mathisen et al., J. Clin.
Invest., 81:1925-1937 (1988) ; Beutler et al., Science
229:B69-871 (1985); Tracey et al., Nature 330:662-664
{1987} ; Shimamoto et al., Immunol. Lett. 17:311-318 (1988);
Silva et al., J. Infeet. Dig. 162:421-427 (1990); opal et
al., J. Infect. Dis. 161:1148-1152 (1990); Hinshaw et al.,
Cirec. Shock 20:279-292 {1990)).

TNF antagonist and methotrexate ¢an each be
administered in single or multiple doses depending upon
factors such as nature and extent of symptoms, kind of
concurrent treatment and the effect desired. Thus, other
therapeutic regimens or agents (e.g., multiple drug
reginens} can be used ip combipation with the therapesutic
co-administration of TNF antagonists and methotrexate. In
a varticular embodiment,, a TNF antagonist is administeregd
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in multiple doses. in anothar embodiment, methotrexate is
administered in the form of a series of low doses separated
by intervals of days or weeks. Adjustment and manipulation
of established dosage ranges are well within the ability of
those skilled in the art.

Usually a daily dosage of active ingredient can be
about 0.01 to 100 milligrams per kilogram of body weight.
Ordinarily 1 to 40 milligrams per kilogram per day given in
divided doses 1 to 6 times 2 day or in sustained releass
form is effective to obtain desired results. Second or
subsequent administrations cap be administered ag a dosage
which is the same, less than or greater than the initial ox
previous doge administered to the individual.

A second or subsequent administration is preferably
during ox immediately prior to relapse or a flare-up of the
disease or symptoms of the disease. For example, second
and subsequent administrations can be given between about
one day to 30 weeks from the previous administration. Two,
three, four or more total administrations can be delivered
to the individual, as needed.

Dosage forms {composition) guitable for internal
administration generally contain from about 0.1 milligram
to about 500 milligrams of active ingredient per unit. 1In
these pharmacautical compositions the active ingredient
will ordiparily be pPresent in an amount of about 0.5-95% by
weight based on the total weight of the composition.

The present invention will now be illustrated by the

following example, which is not intended to bhe limiting in
any way.
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EXAMPLES
EXAMPLE 1 CQlinical T eatment of Rheumatoid thritis By

Multiple Infusions of an Anti-TNF antihody With

a Without Met r te
A randomized, double
was conducted to evaluate

~blind, placebo controlled study
the safety angd efficacy of a
chimeric monoclonal anti-TNF antibody (cA2) following
multiple infusions of 1. 3 or 10 mg/kg CcA2,
combinatien with methotrexate,

alone or in
compared to multiple

infusions of placebo in combination with methotrexate, in
the treatment of rheumatoid arthritis (RA) in patients.
Parients

One hundred one {101)
who had bean using methotre
been on a stable dose of 7,

patients at six Eurcopean centers
Xate for at least & months, had
5 mg/wk for at least 4 weeks,
and had active disease (according to the criteria of the
American College of Rheumatology) with erosive'changes on
L-rays of hands and feet, were enrolled in the trial,

Actlive disease was defined by the presence of six or more

swollen joints Plus at least three of four secondary
criteriz (duration of morning stiffness =45 minutes; =6
tencer or painful joints; erythrocyte sedimentation rate
(ESR) =28 mm/hour; C-reactive protein (CRP) 220 mg/1.

In patientcs using corticosteroids (¢ 7.5 mg/day) or
nen-steroidal anti-inflammatory drugs (NSAIDs), the doses
had keen stable for 4 weeks prior to screening. The dose
of certicosteroids remained stable throughout trial
participation. The dose of NSAID typically also remained
stable throughout trial participation.
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Study Infusions

The chimeric monoclonal anti-TNF antibody (cA2) wag
supplied as a sterile solution containing S mg cA2 per ml
of 0.01 M phosphate-buffered saline in 0.15 M sodium
chloride with 0.01% polysorbate 80, pH 7.2. The placebo
vials contained 0.1% human serum albumin in the same
buffer. Before uge, the appropriate amount of cA2 or
placebo was diluted to 300 ml in sterile saline by the
pharmacist, and administered intravenously via a 0.2 um in-
line filter over 2 hours. The characteristics of the
placebo and ¢A2 infusion bags’ were identical, and the

investigators and patients did not know which infusicn was
being administered.

Assessments

Patients were randomized to one of seven treatmenc
groups. The number of patients in each dose (or treatment)
group is indicated in Table 1. Each of the 101 patients
received multiple infusions of either 0, 1, 3 or 10 mg/kg
cA2. Infusions were to be administered at weeks 0, 2, &6,
10 and 14. Starting at week 0, the patients were receiving
7.5 mg/wk of methotrexate (Pharmacochemie, Netherlands) or
3 placebo tablets/week (Pharmacochemie, Netherlands).
Patients were monitored for adverse events during infugions
and regularly thereafter, by intexviews, physgical
examination, ang laboratory testing.

The six primary disease-activity assessments were
thosen to allow analysis of the response in individual
patients according to the Paulus index (Paulus, et al.,
Arthritis Rheumatism 33:477-484 {1990), the teachings of
which are incorporated herein by reference). The
assessments contributing to this index were the tender
joint and swollen joint scores (60 and 58 joints,
respectively, hipa not assessed for swelling; graded 0-3),
the duration of morning stiffness (minutes), the patient’s
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and physician’s assessment of disease severity (on a
5-point scale, ranging from 1 (symptom-free) to & (very
severe}, and erythrocyte sedimentation rate (ESR).

Patients were considered to have responded if at least four
of the six variables improved, defined as at least 20%
improvement in the continuous variables, and at least two
grades of improvement or improvement from'grade 2 to 1 in
the two disease-severity assessments (Paulus 20% response).
Improvements of.at least 50% in the comtinuous variables
were also used (Paulus 50% response).

Other disease-activity assessments included the pain
score (0-10 cm on a visual analogue scale (VAS)), an
assessment of fatigue (0-10 cm VAS), and grip strength
(0~300 mm Hg, mean of three measurements per hand by
sphygmomanometex cuff).

The ESR was measured at each gtudy site with a

standard method (Westergen). C-reactive protein (CRP) was
measured by rate nephelometry (Abbott fluorascent
polarizing immunoassay). See also, Elliott et al., Lancet

344:1105-2110 (199%4}; Elliott et al., Lancet 344:1125-1127
(1994); and Elliott et al., Arthritis Rheum. 36(12):1681-
1690 (1983), which references are entirely incorporated
herein by reference.

Evaluations were performed at weeks 1, 2, 4, 6, B, 10,
12, 14, 16, 18, 206, 22 and 26.

Resulitg )

The 101 patients were randomized to one of saven
treatment {(or dose) groups. The patients enrolled in each
dose group were well matched for baseline demographics.
Disease duration and swollen and tender joint counts at
baseline were also well-balanced across the groups
(Table 1). Table 1 alsc shows the maximum methotrexate
dose administered within é months prior to randomization.
Medizn maximum doses for each group ranged between 10 ang
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15 mg/week; there were no significant differences amongst
the treatment groups (p=0.404).

TABLE 1

Treatiment Groups

Baseline Diseape Characteristics Joint Counts

Flacebo 1 mg/kg cA2
MTX+ MTX+ MTX -
Diseage dur. (yrs)

Pts evaluated 14 . 14 15
MeansSD 7.6+4,0 14.3312.1 7.6+6,0
Median 6.9 11.4 5.2
IQ range {4.3, 11.5) (3.3, 24.7) (3.4, 3.9)
Range {1.8, 14.2) (0.7, 37.3) (2.5, 21.3)

Humber of Swollen
joinvs, Paulus joint
set {(0-58)
Pts evaluated 14 14 15
MeantSh 18.118.6 16.5+7.8 21.2#11.2
Median 16.5 18.5 20.0
IQ range {12.0, 25.0) {10.0, 25.0) {10.0, 33.0}
Range (6.0, 38.0) (6.0, 29.0} (7.0, 40.0}
Number of tender
joints, Paulus joint
set {0-60)
Pts evaluated 14 14 . 15
MeantsD 31.5414.2 19.1410.7 29,9417.1
Median 27.0 16.0 30.0
IQ range (22.0, 44.0) {13.0, 30.0) (14.0, 45.0)
Range (8.0, 52.0) (2.0, 35.0) (6.0, 58.0)
Max dose MTX
prev. 6 mo {mg/kg)
Pts evaluated 14 14 15
MeantSD 13.843.9 11.6%3.5 12.845.6
Median 15.0 11.3 12.5
IQ range (10.0, 15.0) {(10.0, 12.5) {10.0, 15.0)
Range ___ (7.5, 20,0) (7.5, 20.0) {7.5, 30.0)

MTX = Methotyexate
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Treatment Groups
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3 mg/kg ch2
MTE+ MTX~
Disease dur. {yrs)
Pts evaluated 15 14
Mean+SD 12.1+9.0 7.B+4.3
Madian 11.9 7.7
IQ range (4.2, 16.4) (4.6, 9.8)
Range {¢.7, 30,5) (1.4, 17.4)
Humber of Swollen
jeoints, Paulus joint set
{(0-58}
Pts evaluated 15 14
Mean+sSD 17.745.9 19.745.9
Median 16.0 17.0
IQ range {13.0, 22.0) {11.0, 32.0)
Range {10.0, 29.0) (§.0, 34,0)
Number of tendery
joints, Paulug joint set
{0-60)
Pts evaluated 16 14
MeanitSD 24.5414.4 31.2+411.7
Median 21.0 31.0
1Q range (12.0, 32.0) (23,0, 39.0}
Range {L0.0, 52.0) (9.0, 52.0)
Max dose MTX
prev. 6 mo {(mg/kg)
Pts evaluated 14 13
MeanSD 11.6£3.3 11.7+4.8
Median 10.0 10.0
IQ range {10.0, 15.0} (7.5, 12.5}
L. Range (7.5, 17.5) (7.5, 25.0)

MTX = Methotrexate
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TABLE 1 Continued

Treatment Groups

— ——
10 my/kg ca2 Treat-
All ment
MTX+ MTX - Patients effeot
prvalue
Disease dur. (yras)
Pta evaluated 14 15 101
MeanisSD 11,147.4 9.7£7.4 10.047.8 0.634
Median 10.7 7.6 7.6
IQ Ranga (4.5, 15.5} (4.9, 14.9) (4.3, 14.4)
_ Range (1.4, 24.1) (1.1, 24.3) (0.7, 37.3)
Numbey of gwollen
joints, Paulus
joint zet {0-58)
Pts evaluated 14 15 101
Mean+sSD 21.148.2 17.8+48.7 18.9+8.7 0.643
Median 19,5 17.0 1B.0
IQ Range {15.0, 31.0) | (11.0, 21.0} [ {12.0, 25.0)
Range {10.0, 34.0) | (7.0, 41.0) | (5.0, 41.0)
Number of tander
joints, Paulus
jeine get (0-60)
Pts evaluated 14 1s 101
Meanish 26.5412.0 26.2411.7 27.0+13.5 0,135
Median 25.5 23.0 25.0
IQ Range {21.0, 238.0) { {(17.0, 35.0) | (15.0, 38.0)
Range (8.0, 44.0) [ {11.0, 48.0) | (2.0, 58.0)
Max dage MTX
prev. 6 mo (mg/ky)
ots evaluated kX3 15 99
Mean+SD 12.745.0 12.543.0 12.444.2 0.404
Madian 10.0 12.5 12.5
IQ Range (10.0, 15.0) | (10,0, 15.0) | (20.0, 15.0)
Range (7.5, 25.0) (7.5, 20.0) {7.5, 30.0) |

MTX = Methotrexate
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The pre~specified primary analysis in this trial was
the comparigon of the total time of clinical response
during the 26-week follow-up period. The results for the
primary analysis are shown in Table 2. The duration of
response of all cA2-treated groups, with the exception of
the 1 mg/kg group not receiving methotrexate, was
significantly improved {p<0.001) compared to the placebo
group receiving methotrexate zlone.
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The response rates at Paulus 20% are shown in Table 3.
Drop-outs were considered as non-responders subsequent to
their dropping out from the study. With the exception of
the : mg/kg group not receiving methotrexate, all of the
CA2-treated groups demonstrated cliniecal benefit through 14
weeks when the last dose of cA2 was received. Sustained
clinical benefit was observed through 26 weeks (the last
follow-up visit) in patients who received 3 or 10 mg/kg chA2
with methotrexate. Approximately one-half .of the patients
who received 3 mg/kg cA2 with methotrexate demonstrated
continued clinical benefit at 26 weeks.
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TABLE 3 Number of Patients Res
20% Criteria At Each E

~49.

Treatment Grouns
m

ponding According To Paulus
valuation Visgit

o Sr— [ e ———— S e ——————
Dlacebo 1 mg/kg cA2
MTX+ MTX+ MTX -
{neld) {n=14) {n=15
Pts with any response 214 93% a0y
(3/14) 13/14 12/18
p-value vs MTX alone <0.001 0.006
Time post-infusion
1 Week ot kbR 7 53%
(0/14) (4/13) (8/15)
2 Weeks 7% €4% 59%x
{1/14) {9/14) {8/14)
4 Weekg* 0% 79% i3y
(0/14) 1i/14 (5/15)
§ Weeks o% 71% 27%
_ (0/14) 10/14 {4/15)
8 Weaks?® 14% 64% 20%
(2/14) (9/14) (3/13)
10 Weeks 7% 71% 0%
{1/14) 10/14 {3/18)
12 Weekn® 7% S7% 13%
{1/34) {8/14) {2/15)
14 Weeks 0% 71t 7%
(0/14) 1a¢/14 (1/15)
16 Weeks?® 14% 4% 7%
{2/14) {9/14) {(1/15)
18 Weeks 21% 50% 1%
{3/14) (7/14) {2/15)
20 Weeks 7% 54% 13%
- {1/14) (7[;3) (2/15)
22 Weeks 7% 46% 0%
- {1/14) (6/13) (0/15)
26 Weeks* 7% 21% 7%
— (1/14} (3/14) (L/15)

‘Evaluation visits pre-specified for analysis.
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Table 3 Continued
Treatment Groups
' 3 mg/ka cA2 10 mg/kg cA2
MTX+ MTX - MTX+ MTX - Treatment
(n=15) {nel4) (n=13) (n=15} effect
p~value
Pts with any 80% 75% 85% s0% '<0,001
regponse 12/15 11/14 11/13 12/15
p-value vs MTX alone 0.002 G6.002 0.001 0.004
Time post-infusion
1 WHeek 27% 43% 31% 60%
{4/15) (6/14) (4/13) {9/15)
2 Waeks 27% 43% a2% 53y
{4/15) (E/14} (B/13) {8/15)
4 Weeks* 40% 64% S54% 53% 0,002
(6/15) {9/14) (7/13) (8/15)
6 Weeks 47% 50% 54% 47%
(7/15) {7/14) {7/13) {7/15)
8 Weaks* 60% 71y 69% 40% 0.003
(9/15) 10/14 {8/13) (6/15}
10 Weeks 67% 4% 65% 53%
10/18 (9/14) {9/13) {8/15)
12 Weeks* 67% 64% 2% §0% <0.001
10/15 (9/14) (8/13) (8/13)
14 Weeks 60% 57% 7% 53%
{9/15) {8/14) 10/13 (8/15)
16 Weeks* 67% §4% 54% 67% <0.001
10/15 (s/14) (7!13_) 10/15
18 Weeks Ti¥ 69¥% 62% 57%
10/14 {9/13) (8/13) (8/14)
20 Weeks 53% 43% 54% 53%
{8/15) {6/14) {7/13) {(8/15)
22 Weeks 47% 36% c4k 33%
{7/15) (5/14) {7/13}) (5/15)
26 Weekg* 47% 21% 54% 33% 0.013
{7/15) (3/14) (7/13) {5/15)
— — ——-

! Bvaluation vigits pre-specified for analysis,

-
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The response rates at Paulus 50% are shown in Table 4.
The magnitude of the clinical benefit of cA2 treatment was

substantial. The majority of patients were responding to
cA2 treatment according to the S0% Paulus criteria.
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TABLE 4 Number of Patients Responding According To Paulus
50% Criteria At Each Bvaluation Visit

Treatment Groups

)

2015202049 22 Apr 2015

Placebo 1 mg/ky ci2
MTX+ MIX+ MTX-
{n=14} (n=14) . (n=m15)
Pts with any response 14.3% B5.7¥% 40.0%
(2/14) {12/14) {6/15)
p-value vs MTIX alone <0.001 0,079

Time post-infusion

1 Heek 0.0% T.7% 26,.7%
[0/14) {1/13) {4/15)
2 Weeks 0.0% 21.4% 2B.6%
{0/14) (3/14) {4/14)
4 Weeks* 0.0% 57.1% 13.3%
(0/14) (8/14) {2/15)
§ Weeks 0.0% £7.1% 0.0%
(0/14) (8/14) (0/15)
8 Weeks* 7.1% 50.0% 0.0%
{1/14) {7/14) {0/15)
10 Weeks g.0% 57.1% 0.0%
{0/14) (8714} {0/15})
12 Weeks* 7.1% 50.0% 6.7%
) {1/14) {7/14) {1/15)
14 Weeks 0.0% 57.1% E.7%
{0/14) (8/14) {1/15)
16 Weeks? 0.0% 64.3% 6.7%
{0/14) (9/14) (1/15}
18 Weeks . 7.1% 50.0% 6.7%
(1/14) - (7/14) {1/15}
20 Weeks 7.1% £3.8% 0.0%
(1/14) {7/%3) {o/15)
22 Weeks 0.0% 38.5% 0.0%
(0/14) (5/13) (0/15}
26 Weeks* 0.0% 21.4% 6.7%
) {(0/14} _(3/14) {1/15)

—————eeeeeee e v

‘Evaluation visits pre-specified for analysis.
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TABLE 4 Contimted

Treatment Groups

m’mﬁm
J_Eg/kg cA2 10 wg/kg cA2
MTX+ MTE- MTX+ - Treatment
{(n=15) (n=14) {nwl3) {n=15) effmce
: p-value
Pts with any 73.3% 64.3% 76.9% 66.7% <0, 001
regponse {11/15) {9/14) {10/13}) | {10/15)
p-value vs MTX ¢.o01 0.008 0.002 C.009
alone
Time post-infusion
1 Weak 0.9% a5, 7% 7.7% 26.7%-
{0/15) {5/14) {1/13) {4/15)
2 Weeks 6.7% 28.565% 15.4% 20.0%
' {1/15) {4/14) {2/13) (3/15)
4 Weeks* 13.3% 28.6% 46.2% 40.0% 0.006
{2/15) (4/14) | . {6/13) {6/15})
6 Weeks 26.7% " 42,.8% 3B8.5% 33.3%
{4/15) {6/14) {5/13) {5/15) _
8 Weeks* - 40.0% 50. 0% 69,2% 33.3% <0.001
{6/15) {7/14} (9/13) {5/15)
10 Weeks 40.0% 50.0% 69.2% 40.0%
{6/15) {7/14) (9/13) {6/15)
12 Weeks® 60.0% 35.7% 61,5% 40, 0% <0.001
. {9/15) (5/14) {8/13) {6/15)
14 Weeks 40.0% 15.7% §1.5% 40.0%
{6/15) (5/14) {8/13) {6/15)
16 Weeks® 60.0% 50,0% 53.8% 40,0% <Q.001
(8/15) {7/14} {7/13} {6/18}
18 Weeks 71.4% 46.2% 61.5% 57.1%
{10/14) {(6/23) {8/13} {8/14)
20 Weeks 53,3% 35.7% 46.2% 40.0%
{8/15) {5/14) (6/13) {6/15)
22 Weeéks 46.7% 14.3% 53,8% 26.7%
(7/15) {2/14) {7/13) (4/15). N
26 Weeka? 40.0% 14.3% 46.2% 20.0% 0.008
(6/15) (2/14) (6/13) {3/15)
.

‘Evaluation visits pre-specified for analysis,
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Commensurate with the clinical response rates shown in
Tables 2-4, most of the patients in the treatment groups
demonstrating effectiveness of cA2 treatment received all 5
infusions of cA?2 (Table 5). fThe principle reason for
patients not receiving the complete dose regimen was
because of lack of efficacy in the placebo group
(methotrexate alone) and in the 1 mg/kg group not receiving
methctrexate. All 15 patients in the 3 mg/kg group that

received methotrexate completed the 5-infusion dose
regimen.
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Results for measures of swollen and tender joint
counts and the physician and patient global assessments are
shown in Figures 1-4., The median results in Figures 1-4
were reported for each evaluation visit based only on the
patients with data collected. fThat is, a last observation
carried forward approach was not used for patients who
dropped cut. Instead, the number of patients with daéa
that comprise each point on the graph was reported at the
bottom of the figures.

Despite the number of drop-outs in the placebo group
and the 1 mg/kg group not receiving methotrexate, the
results in Figures 1-4 demonstrate that cA2 treatment in
compination with methotrexate profoundly reduces disease
activity for all of the traditional measurements of disease
activity, approaching near remission in many patients.

Results for a commonly used serum marker of
inflammatory activity, C-reactive protein (CRP) are shown
in Figure 5. Treatment with cA2 produced a rapid decrease
in CRP concentration which was sustained through 26 weeks
in the patients who received 3 or 10 mg/kg cA2.

Results for the Health Assessment Questionnaire (HAQ)
are shown in Figure 6. This measurement of quality of
life/disability demonstrated improvement over time
corresponding with the clinical improvement observed in
patients trxeated with cA2., In the patients treated with
3 mg/kg cA2 and methotrexate, the HAQ decreased from 2.0 at
bageline to 1.1 at 22 weeks.

Pharmacokinetics of cA2

Serum concentrations of cA2 were obtained in'all
patients in this study. The serum concentration in each
patient plotted over time according to the cA2 dose group
is shown in Figure 7. Data plotted are the serum cA2
concentrations obtained just before the administration of
cA2 at weeks 2, 6, 10 and 14 and then at weeks 18 and 26.
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These sampling times were selected to best demonstrate the
stability of the cA2 concentration during the multiple dome
regimen and the decline in serum cA2 concentration after
the last dose was administered. For purposes of data
presentation, the scales for cA2 concentration for each
graph are condensed as the cA2 dose was increased.

Substantial differences were observed for the ca2
serum concentration over time in the 1 mg/kg dose groups
according to whether patients received methotrexate. Most
of the patients receiving 1 mg/kg cA2 with mwethotrexate
demonstrated measurable cA2 concentrations through 18
weeks, although it appeared that there was a tendency for
the concentration to decline over time. In sharp contrast,
the majority of patients who received 1 mg/kg cAZ without
methotrexate were not able to maintain measurable serum
concentrations of cA2 over time. As discussed herein, the
inability to maintain serum cA2 in these patients was
associated with a high rate of neutralizing antibedy
formation.

In contrast to the 1 mg/kg groups, patients who
received either 3 mg/kg cA2 oxr 10 mg/kg ¢A2 were able to
maintain serum ¢A2 concentrations through the multiple dose
regimen. However, even in those dose groups, there was
evidence that concomitant treatment with methotrexate was
associated with high cA2 serum concentrations. As shown in
Figure 8, the median serum cA2 concentyation in both the 3
and 10 mg/kg dose groups receiving methotrexate was higher
than in the corresponding groups not receiving
methotrexate.

Immune Responses to cA2

Serum samples were collected through 26 weeks from all
patients and analyzed for human anti-chimeric antibodies
(HACA} to cA2, The results for HACA responses for each cAZ
tyeatment group are shown in Table 6. It should be noted
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that In several patients in the 3 mg/kg group and in most
patients in the 10 mg/kg group, cA2 was still present in
the Z6-week sample and could potentially interfere with the
detection of HACA in the assay. However, it could also be
reasoned that if neutralizjing antibodies were present at 26
weeks, then cA2 should not be present. Therefore, in
pregenting the data in Table 6, results for the immune
response rate are shown not including patients with serum
cA2 at 26 weeks and including patients with sexrum cA2 at 26
weeks, assuming that if cA2 was present at 26 weeks, the
patient did not have a positive HACA response.
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.The results in Table & demonstrate that concomitant
methotrexate treatment suppresses the immune response to
CA2, enabling stable pharmacokinetics to'be achieved in a
multiple dose regimen of cA2., This effect was also found
after combined anti-CD4/anti-TNF antibody treatment in mice
with collagen-induced arthritis and described in U.8.
Application No. 08/607,419, filed February 28, 1996, the

teachings of which are entirely incorporated herein by
reference.

Clinical Safety ,

Two out of 86 patients (with most patients receiving 5
treatments) experienced multisystem infusion-related
reactions with retreatment. Multisystem, infusion-related
reactiony include headache, fever, facial flushing,
pruritus, myalgia, nausea, chest tightness, dyspnea,
vomiting, erythema, abdominal discomfort, diaphoresis,
shivers, hypertension, lightheadedness, hypotension,
palpitations and somnolence.

Hypersensitivity reactions, as described herein, may
occur whenever protein-containipg materials, such as c¢A2,
are administered. Thus, it is unclear whether these
Symproms represent an jmmunologic event or physical factors
such as infusion rate and immunoglobulin aggregation.
Investigators have reported that symptoms resolve in some
patients by decreasing the rate of the infusion. DPrevious
literature reports indicate that vasomotor symptoms have
been observed in patients receiving intravenous
immunoglobulin therapy (Berkman et al., Ann. Intern Med,
112:278-292 (1990); Ochs et al., Lancet 2:1158-1159
(1980)) . _

One patient developed hypotension during all three
infusions of 10 mg/kg cA2. The patient did not display
clinical signs of hypotension and did not require medical
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Ereatment, but, in keeping with predefined safety criteria,
the treatment schedule of this patient was discontinued.

One patient treated with 3 infusions of 10 mg/kg of
cA2 and with 7.5 mg/week methotrexate developed symptom§ of
sepsis as a result of staphylococcal pneumonia 2 weeks
after her last study vigit and 14 weeks after her last
infusion with cA2. Six days after developing symptoms she
was admitted to the hospital and treated. She died one day
later. (This patient had not proceeded with the fourth
infusion for reasons unrelated to the sepsis.) Patients
with RA who develop infections have a worse than expected
outccme. Wolfe and coworkers have reported an
observed:expected ratio for death due to pneumonia of 5.307
and an observed:expected ratio for death due to infections
(excluding pneumonia) of 6.213 in RA patients from the
ARAMIS database (Wolfe et al., Arthritis Rheumatism
4:481-494 (1994)).

One patient experienced a seriocus postoperative
infection following cataract surgery 9 weeks after the
fifth and last infusion of 3 mg/kg of cA2 (with 7.5 mg/week
methotrexata), leading to removal of the eye. This patient
was receiving prednisclone (7 mg/day). The incidence of
endophthalmitis after cataract extraction has been reported
to be between 0,072 and 0.093% (Kattan et al.,
Ophthalmology 98(9):1147-1148 (1991)}) and may be heightened
in patients receiving corticosteroid therapy.

Eight (9%) of 87 patients developed double stranded
(ds) -DNA antibodies following multiple infusions of cA2.
Measurements were performed at baseline, week 8, 16 and 26
(12 weeks following the last infusion). 1In these patients
with antibodies against ds-DNA, there was a trend toward a
lower level in antibodies at the last evaluation, with two
patients being negative.

One patient developed dyspnea, pleuritic chest pain
and & rebound of arthritis activity at study week 14 (four
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weeks after the fourth infusion of 3 mg/kg of cAl2).
Symprome resolved and she received her fifth dose of cAz.
Symproms recurred 3 weeks later. Examination of the serial
blood samples revealed that the test for antinuclear
antibodies and anti ds-DNA antibodies were negative prior
to treatment, but became positive at week 6 of the study.
The patient’'s symptoms responded to oral prednisclone

20-30 mg daily. The working diagnosis was systemic lupus
erythematosus (SLE). The patient currently does not have
symptoms of SLE but has active RA.

To date, although antibodies to ds-DNA have been
detected in patients treated with cA2, they generally
represent transient increases and only one patient has been
symptomatic. In patients who have had sufficient
follow-up, anti-ds-DNA antibodies have rasolved with
discontinuation of treaatment.

In summary, treatment with cA2 is well tolerated. The
reductions in disease activity produced by cA2 are
significant as supported by the findings of a low placebo
response rate. High clinical response rates are obtained
with a multiple dose regimen of 3 mg/kg cA2 in combination
with 7.5 mg/wk methotrexate and can be sustained through 26
weeks. This dose regimen is considered preferable to the
1 mg/kg plus methotrexate regimen because better
pharmacokinetics are obtained, virtually no immune response
was detected and the clinical responsé is better sustained
following the last treatment with cA2. The clinical
benefit obtained by increasing the dose regimen to 10 mg/kg
cAZ plus methotrexate is similar to that observed with the
3 mg/kg cA2 plus wethotrexate regimen.

Thus, the results of this study indicate that
treatment with a multiple dose regimen of cA2 as adjunctive
and/or concomitant therapy to methotrexate therapy, in RA
patients whose disease ig incompletely controlled by
methotrexate, produces a highly beneficial or synergistic
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clinical response that can be sustained through 26 weeks.
The berefit produced by ca2 generally exceeds 50%
reductions. in the traditional measurements of rheumatoid
arthxitis (ewollen and tender joints, patient and physician
global disease assessments) and achieves near clinical
remission in many ﬁatients. Accordingly, the results of
this study indicate that treatment with multiple infusions
of cA2 as adjunctive and/or concomitant therapy to
methotrexate therapy is an important and efficacious
therapeutic approach for treating RA in patients.

EXAMPLE 2 Clinical Treatment of Rheumatoid Arthritis Bv

Single Infusion of an ANti-TNF _Antibody In
Patients Receiving Methotrexate

A randomized, double-blind, placebo controlled study
was conducted to evaluate the effects of a single infusion
of placebo, 5, 10 or 20 mg/kg cA2 in combination with
methotrexate, administered at z dose of 10 mg/week, in the
treatment of rheumatoid arthritis (RA) in patients,

‘Pagients

Twenty-eight (28) RA patients at three centers in the
United States who, despite receiving three months therapy

‘with methotrexate administered at a stable dose of 10 mg/wk

for at least 4 weeks prior to screening, still had active
disease according to the ¢triteria of the American College
of Rheumatology, were enrollad in the study. Active
disease was defined by the presence of six or more swollen
joints plus at least three of four secondary critexia
(duration of morning stiffness =43 minutes; =6 tender or
painful joints; erythrocyte sedimentation rate (ESR)
228 mm/hour; C-reactive protein (CRP) =220 mg/1l.

Patients taking NSAIDs and corticosteroids

(prednisone) at screening were allowed to continue at
stable doses (7.5 mg/day).
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Studv Infusions

The chimeric monoclonal anti-TNF antibody (cA2) wase
supplied as a sterile solution containing S mg cA2 per ml
of 0.01 M phosphate-buffered saline in 0.15 M sodium’
chloride with 0.01% polysorbate 80, pH 7.2. The placebeo
vials contained 0.1% human serum albumin in the same
buffer. Before use, the appropriate amount of cA2 or
placebo was diluted to 300 ml in sterile saline by the
pharmacist, and administered intravenously via a 0.2 zm
in«line filter over 2 hours. The characteristics of the
placebo and cA2 infusion bags were identical, and the

investigators and patients did not know which infusion was
being administered.

Agsesgment.s
Patients were randomized to one of four treatment
groups (7 patients per group). Each of the 28 patients

received a single dose of either 0, 5, 10 or 20 mg/kg cA2
and were followed for 12 weeks. Patients continued
treatment with methotrexate {(Pharmacochemie, Netherlands)
administered at 10 mg/week throughout the study. Patients
were monitored for adverse events during infusions and
reguiarly thereafter, by interviews, physical examinacion,
and laboratory testing.

The primary measurement of clinical regponse was
defined by the ACR preliminary definition of rasponse
(Felson et al., Arthritis Rheumatism 38(6) :727-735 (1995)) .,
Patients were considered to have a response if they had a
20% reduction in swollen and tender joint ¢ount, and had
experienced a 20% reduction in 3 of the 5 following
assescsments: patient's assessment of pain (VAS), patient’s

-global assessment of disease activity (VAS), physician‘s

global assessment of disease activity (VAS), patient‘s
assessment of physical function (HAQ), and an acute phase
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The ESR was measured at each study site
with a standard method (Westergen).

Evaluations were performed at day 3, and at weeks 1,

and 12.

The 28 patients wexre randomized to one of four
treatment (or dose) groups.

The clinical response rates over time by ACR 20%
criteria in each of the treatment groups is shown in

Table 7.

TABLE 7

Clinical Response Rates (By ACR 20% Criteria) In

Patients Receiving 10 mg/kg Methotrexate

Doge ¢f <A2

f—errramr—

—

. chA2
Placeb Treated
o} 5 mg/kg | 10 mg/kg | 20 mg/kg Patients

Pts avaluated 7 7 7 7 21
Pts with any 1(14.3%) 6(85.7%) | 5(71.4%) | 6{85.7%) | 17(B1.0%)

response :
1 Week 0{0.0%} 4(57.1%) | 2(28.6%) | 5{71.4%) | 11(52.4%)
2 Weeks o{0.0%) 4{S7.1%) | 5(71.4%) | 5(71.4%) | 14 (66.7%)
4 Veeks 1{14.3%) 3(42.9%) | S(71.4%) | S5{71.4%) | 13(61.9%)
& Weeks 0{0.0%) 3{42.9%) | 5{7r.4%} | 4(57.1%) | 12(57.1%)
1

B Weeks 1(14.3%) 3(42.9%) | 4(57.1%) | 4(57.1%) | 11 (B2.4%)
10 Weeks 1(14.3%) 1(14.3%) | 4{57.21%) | 3(42.5%) 8(38.1%}
12 Weeks 1(14.3%) 2{2B.6%) | 4(57.,1%) | 3(42.9%) 5{42.9%)

—
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Clinical benefit of caA2 treatment was evident at the
first evaluation visit at one week. Although each of the 3
doses of cA2 produced clinical responses in the majority of
patiencs treated, the duration of clinical response
appeared to be better sustained through 12 weeks in the
groups receiving 10 or 20 mg/kg chA2. ¢Clinical response was
achieved much more freguently among patients receiving ca2
as compared to placebo. That is, 17/21 (81%) patients in
the 3 cA2 groups achieved a response, compared with only
1/7 (14%) placebo treated patients. The magnitude of
¢linical response was notable. The mean tender joint count
among cA2 treaced patients decreased from 30.1 at baseline
to 13.3 at week 12, and mean CRP decreased from 3.0 at
baseline to 1.1 at week 12,

The duration of clinical response appeared to he dose
dependent. 2/6 (33%) of the responding patienta treated
with 5 mg/kg cA2 sustained a response through 12 weeks of
followup, compared to 7/11 (64%) of the responding patients
who received 10 or 20'mg/kg. Treatment in all groups was
generally well toclerated.

In summary, the results of this study indicate that
treatment with cA2 as adjunctive and/or concomitant therapy
to methotrexate therapy is effective in the reduction of
the signs and symptoms of rheumatoid arthritis in patients
whose disease is incompletely controlled by methotrexate.
Moreover, the clinical response achieved by this approach
can be sustained for more than 12 weeks after a single
treatment. Accordingly, the results of this study indicate
that treatment with cA2 as adjunctive and/or cocncomitant
therapy to methotrexate therapy is an important and
efficacious therapeutic approach for treating RR in
patients.
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EXAMPLE 3 inical Treatment of Rheumatoid Arthritis B
Repeated Dose Admipistration of an Anti-TNF
Antibody In Patients Followina A Single Dose,
Rouble-Blind, Placebo-Controlled Trial

An open label study was conducted to evaluate the
effects of repeated infusions of 10 mg/kg cAz in
combination with methotrexate, administered at a dose of

10 mg/week, in the trestment of rheumatoid arthritis in
patients,

Patients

As described in Example 2, a randomized, double-blind,
placebo controlled, 12 week study of cA2 was conducted in
RA patients who had active disease despite receiving three
months therapy with methotrexate administered at a stable
dose of 10 mg/wk for at least 4 weeks prior to screening.

At week 12, patients who had completed the 12 week
evaluation period and had not experienced adverse events
prohibiting further infusions of cA2, were offered 2
subsequent open label infusions of cAz, administered at a
dose ¢f 10 mg/kg, at eight week intervals (weeks 12, 20,

28) . Twenty-three (23) patients from the 12 week study
were enrolled in' this study.

Asgessments

11/23 patients entering this open label study were
evaluated at 1 of 3 centers in the United States and
followed up to 40 weeks after initial entry. Patients
gontinued treatment with methotrexate administered at
10 mg/week throughout the study. Repeatéd treatments with
cA2 were generally well tolerated. Three patients had
transient infusion related symptoms (urticaria,
somnolence} .

The primary measurement of clinical response was
defined by the ACR preliminary definition of response
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(Felson et al., Arthritis Rheumatism 38{6) :727-735 (1995)).
Patients were considered to have a response if they had a
20% reduction in swollen and tender joint count, and had
experienced a 20% reduction in 3 of the 5 following
agsessments: patient’'s asgessment of pain (VAS), patient’s
global assessment of disease activity (VAS), physician’s
global assessment of disease activity (VAS), patient's
agsessment of physical function (HAQ), and an acute phase
reactant (ESR). The ESR was measured at each study site
with a standard method (Westergen).

Resguits

Of six patients who had all received cA2 during the
double-blinded study described in Example 2 and responded
through the 12 weeks of that study, four patients sustained
a response throughout the 40 week followup. Of the
remaining two patients, one patient is still responding
through week 28, and one patient recently entered this open
label trial. For all 4 patients completing 40 weeks of
followup and the patient at week 28, final tender joint
counts were 2 and swollen joint counts 1, compared to a
mean of 23 and 23, respectively, at entry into the double-
blinded study described in Example 2. For 4 of these 5
patients, ESR were 18 mm/hr and CRP 0.7, compared to a mean
of 27 and 3.9, respectively, at entry intc the double-blind
study described in Example 2.

Of two patients who had both received cA2 during the
double-blinded study described in Example 2 and responded
only through week 10 of that study, one patient responded
through 36 weeks and one patient is still responding
through week 20.

Of three patients who did not reéspond during the
double-blinded study described in Example 2 (2 received
placebos, 1 received 5 mg/kg chA2), two of these patients
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rexperienced a transient clinical response, and one patient

is still responding through week 20.

In summary, the preliminary results of this study _
suggest that repeated adjunctive and/or concomitant therapy
with cA2, in RA patients whose disease.is incompletely
controlled by methotrexate, can result in substantial
clinical improvement for a majority of the patients.
Moreover, the clinical reasponse achieved by this approach
can be sustained for up to 40 weeks of followup.
Accordingly, the results of this study indicate that
repeated treatment with cA2 as adjunctive and/or
concomitant therapy to methotrexate therapy is an important

and efficacious therapeutic approach for treating RA in
patients.

Equivalents

Those skilled in the art will know, or be able to
ascextain, using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. These and all other equivalents are
intended to be encompassed by the following claims.
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ing from

rheumatoid arthritis whoss gotive dissase is  dncompleraly

controlled despite alrveady vepelvi analtis Combrising

adiuictively admindstering  wivh methotrexate Lheraspy &

diffgrent composition comprdsing ap anti-human Topor necrosis

fartor~-y antibody o a bhumar Uduor sietrosis factor~u binding
fragment thersof o the individial, whereln the anti-humab
Tumor  negrosis facbor-w antibody gy fraghent Thereoi (&)
binds to an cpitops on human timor ngcrosis factor-o,  (b)
rohibits binding of human tumer neoroesis fachor=w to human
tumar nacrosis faotor-o cell surfacy yecepiors and (g} is
dministered at & dodage of U.0L-100 mg/lky, and wharein swueh

administration Teduges o

slygns, dnd  svopuoms

aggoclated with zhevmarord arthrivis.

& The wethod of olisin 1, Whersin (&) methotrexate
18 adgministered at an interwval of a week or weekws, and )
the antishuman tuwwor necrcsis factor-w antibody or Lragment
thereof is administered multiple LAmes, sach such
administration being sSsparatsd by an invgerval of & week o

weeks Trom Lhg prior admipistratisn.

o & matpod  for adijunetive  treatment of  an

individual suffering from rhoumatoid arthribds who still bas

SCh disease despilte prior therapy with methotrexate and

i

whee {5 alveady bheing Utreated with methobrexsate comprising

samindastering 7 different composition gcomprising an  antis

human tumor negrosls factor-w antibody or a human tumor

~

neprosis factor-o binding fragment thersof o tha individua

=

whersin the anti~human Dumor necrosl

i

Factor=a sntibody or
Sramment Thereof isx administersd te the dndividusl ouinipgle
timzs, w=ach such administration (i) being separated by an

intzival of a week or weeks from the prior admindstration,
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and  (id) deldwsrivg 0.01-100 wolkg of the spti-human Tumoy
necrogls fagtor-o anvibody or fragosnt bthereof and whereln
suEh adwinistravion redutes or elimingtes signs and symploms

assagiated winh the rheumatoid arthritise

& The method of clsim 3 whersin the anti=humar
voney” necyosis  factor-w antibody oy fragment thereef {(w)
binds o an epiveps on human tumor neorosis factor-o and (b}
inhibizs hinding of human tumor necrosis factor-o to human
tumor neerosis factor-o cgll surface rooepltors.

5. The methsd of clagim 1 or 3, wherein sach

i
sdmirnistrstion of methotrexate delivers from 0:01-100 mg/ky:

&, The method of glaim 1 ©

33

dte

admipisnration of the antis 0
antibody of fragment theresf 1z sepavated by an interval of

ongoday to thirty weeks from the priecr sdministratisn.

et

=
™
B

method of olailm 1oor 3¢ wheregin the anti-

Ll

~

wman tumor neerosis factor-g antibody or fragment thereo ds

a. The mathad of olaim 7, whersin the antishuman

tomay nocrosis factor-o sobibedy is a chimeris antibody.

9 The mathod of ¢lalw &, whergin the chimexic
antibhacdy bhindgs oo onge ar Sy = pe P arridsg A hamayr tuamors
ANTANGG DL T GTTET RT WOYE ANIng &clds ol uman MO X

necrosis fatner-a selected from the grouvp of censzscutive

aming aclds at positibns 87108 (SEQ ID MC12) or an positions

§8-80 {8EQ ID NO<LY .

10 The method of claim 9, whoredin the chimerig

antibody binds to the epitope recognized by ghiy
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12 The method of glaim 7, whereln the antibody is a

Bumanized antinsdy
13, the aethod of elaim 1 &% 3, whHersin the angid-
Fuman  tumoz neobdsis factor=o  annibody or fragment  is
¥

sdminigvered via dinfusion.

14, A mathod of fysating an dndividual suffezing from
rhsuratold sptholtls and alpeady veugiving wmethotraxate whose
aotive digeasg is incompletely sontrolled comperising

administering to the indivicdual wizth methotresxate Therapy a

¢4

different. composition comprising sn anti-biman tumer neerosl
factor=a wmonoclonal antibody, wheredn such sdministyation
veduses or eliminsted signg and synptoms asscoolated with the

rheumatroid grithritis.,

sutfering from

}...-

of treating an individia
rhoumatold arthrivis whose active disegase is incompletely

Controlled by netlictrexste comprising administering

1
)

T

individual = diffarent conposition comprising an anti-human

voantibody, whergein the antishuman Tumor

tumpy ngorosis faois
antibody 18 <2 and 1Is adninistersd
tive therapy to mgihotrexste tlerapy and

istration roeduces: or eldminates 3lgns and

with the rheumatoid artheitie,

16 The method of olaim 15, whersin the anti~human

tumoy necyoslis factor antibody is cRZ2 and is admdnistered as

T ongskyg oa2, and the methotysxate

s
141

’

10 mapfwsek.
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TOmer aecrosis factor antibody s adnminlstered as adiuvnztlive

sndior congomiteny therspy to methobvyssste cherapy:

18, The method of

tdy whereln methotrexate iz
adminiatered avy an inteoval of & wesk ar weeks and the anki-

Human  Dumer  nesrosls  faoter sntibody 1y admindstered  as

14, A omathod of tresting an individual suffering from
astive rheumatold arthritis desping alrsady  reoelving
methonreasans  oomprising  admindsterdng an  anti-human  tumor

maorosiy factof=d antibedy o the individusl, wherein “the

anti~human Lumos nacrosils - fetelen o antibody binds

63
o
Pt
93
k(.
).J—
73
0
t_.(
fect
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fa  human  Suméy  necyosis  factoer-o,  and  4s
aominisversd dn o Qifferent compgsitien; in singds oy
maltiple  doses, s adiunchive  thazapy to meihgorexate
therapy, wherein the methobrewats is administsred in multipls

dases and whersin such administration reduces o sliminates

3 ‘

signg and symproms dssocisted with

20, Tha method of olaim 7, wharedn the antibody is &

woneolonal antibody.

1. THe methoad of olaim L, 3 or 14, wherein 7.5 mg of
merhotnrdxate 15 admivistered at an interval of & week ox
weaks, and the anti~human tumor negrosis favtor-o antibody is
cAZ and is administersd by infusion s & dosage of ong of 1,

3 oy A9 modky.

28, The methad of claim 21, whersdln the dosage d8 3
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