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MATRIX MARKER MODEL AND METHODS FOR ASSESSING AND TREATING ARTHRITIS
AND RELATED DISORDERS

FIELD OF THE INVENTION

The invention relates to a method of determining the efficacy of the treatment for RA based on
two to several characteristics known to correlate with negative outcomes in RA presented in a
matrix. The invention also relates to a method of determining the efficacy of the treatment for
RA based on preparing matrix table comprising two to several covariates which significantly
correlate with radiological progression. The matrix relates this profile of characteristics or
covariates to the probability (risk) of negative outcomes under each of the alternative potential
treatments. This can be done for a subject, for example, prior to the manifestation of other

gross measurements of clinical response.

BACKGROUND OF THE INVENTION

Physicians are confronted with individual patients and individualized decision making on a daily
basis and use treatments to limit the risk of bad outcome of a disease. The benefit of a
treatment has to be weighed against the potential harm and cost of it and, with a growing
armamentarium of therapies, choosing the right treatment for the right patient is a challenge. As
disease behavior is different in every patient, ‘adequate treatment’ is also different for every
patient. Ideally a physician would like to know in advance whether a certain patient needs a
treatment and whether a specific treatment will or will not be effective in that specific patient. In
practice this comes down to knowing the probability (or risk) of bad outcome of a disease and

the probability of successfully treating a certain patient with a certain drug.

Arguably the most broadly used risk model in medicine is the risk chart used in cardiology,
which combines gender, age, systolic blood pressure, total cholesterol and smoking status to
predict the 10-year risk of death due to cardiovascular disease (www.escardio.org/Prevention).
Incorporation of the separate risk factors of cardiovascular disease in the model makes it an
ideal tool to estimate the risk of bad outcome (death) in the individual patient. The simplicity of
this model is furthermore that it is ideal for patient education, which is broadly used for from
primary to tertiary care. However, the model does not inform the user about differential

effectiveness of therapy in the prevention of risk.
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Immune mediated inflammatory disorders (IMID’s) are characterized by progressive irreversible
damage. The progression of the disease is different in different patients suffering from it and
different therapies are capable to prevent this damage to a different extent. Therefore, models
that can predict outcome across the heterogeneous patient populations suffering from such
IMID would be of great value. In the rest of this description, we will focus on one IMID disease in
specific, rheumatoid arthritis and on one specific measure of outcome in this disease,

radiological progression.

Rheumatoid arthritis (RA) is characterized by joint inflammation leading to cartilage destruction
and erosion of sub-cartilaginous bone. Recently, decreasing progression of radiographic joint
damage and functional disability in the RA population is seen, and seems to be largely
explained by more effective use of disease modifying anti-rheumatic drugs. More effective use
of DMARD’s consists of more widespread and earlier use (Finkh et al. Ann Rheum Dis
2006;65:1192-1197). In a recent meta-analysis of 12 studies comparing early vs. late initiation
of DMARD’s, the reduction in progression rate due to earlier initiation of DMARDs was
significantly different when compared to patients who started late. The effect of starting such
drugs early could account for half of the total effect size of the treatment. The authors
furthermore observed that patients with more aggressive disease benefited more from earlier
treatment (Finkh et al. Arthritis Rheum 2006;56(6):864-872).

Early introduction of more intensive therapy leads to further improvement in both clinical and
radiological outcome. One-year results of a study comparing 3 DMARDs and high-dose
corticosteroids (CS) vs. sulphasalazine (SSZ) in a DMARD naive early RA population (COBRA
trial), showed that combination therapy was more efficacious with respect to suppressing
disease activity and radiological progression (Boers et al. Lancet 1997;350:309-318). The 5-
year follow-up report of this study shows that suppression of the rate of radiological progression
was sustained, independent of anti-rheumatic therapy given after the 6-month cycle of intensive
combination therapy (Landewe Arthritis Rheum 2002;46(2):309-318). The diverging slopes of
radiological progression rate when comparing early vs. late treatment and intensive vs.
monotherapy indicate that early intensive intervention can alter the course of the disease (Finkh
et al. Arthritis Rheum 2006;56(6):864-872, Landewe Arthritis Rheum 2002;46(2):309-318).

In a systematic review of randomized placebo-controlled trials published in 2003, the efficacy of
and rank of pharmaceutical interventions in preventing radiological progression in RA was

investigated. In 25 studies with a total of 3907 RA patients, infliximab (IFX), cyclosporine, SSZ,
2
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leflunomide, methotrexate (MTX), parenteral gold, CS, auranofin and interleukin 1 receptor
antagonist were statistically better than placebo in terms of change in erosion scores. All agents
were equivalent statistically, with the exception of IFX, which was superior to the last five agents
(Jones Rheumatology 2003;42(1):6-13). The efficacy of IFX, in terms of suppression of
radiological progression, was first established in patients with established RA who had failed
treatment with MTX (Lipsky et al. N Engl J Med 2000;343:1594-1602), and was later confirmed
in a large randomized active controlled study in a DMARD naive early RA population in which
time to treatment was equal for DMARD and IFX treated patient groups (StClair et al. Arthritis
Rheum 2004;50:3432-3443). Similar results have also been reported with other biological
agents that neutralize tumor necrosis factor alpha (antiTNF) (Genovese et al. Arthritis Rheum.
2002 Jun;46(6):1443-50, Breedveld Arthritis Rheum. 2006;54(1):26-37).

Probability plots from these studies provide detailed insight into the differentiated treatment
effects on radiological progression of biological therapy when compared to MTX monotherapy.
Although summary descriptive statistics show statistically significant results when comparing
treatment arms as a whole, these plots clearly show that progression of radiological damage is
a problem of a subset of individual patients only (van der Heijde Arthritis Rheum. 2005
Jan;52(1):49-60). As with any disease leading to irreversible damage, the problem of
radiological follow up is that once the damage is observed, it means that therapeutic
intervention already comes too late. Especially in those RA patients in whom radiological
deterioration occurs rapidly, delay in initiation of highly effective therapy could be detrimental.
Prediction of radiological progression seems to be crucial and should enable the clinician to
prevent it. Sub-analyses of the biological studies have shown the value of baseline
characteristics for the identification of patients who will show progression of joint damage
(Breedveld et al. 2004;63:149-55, Smolen et al. Arthritis Rheum 2005;52:1020-30, Smolen et
al. Arthritis Rheum 2006;54(3):702-710, Landewe Arthritis Rheum. 2002;46(2):347-56, Landewe
Arthritis Rheum 2006;54(10):3119-3125). Aside from these studies, many clinical reports
describe the usefulness of a broad array of clinical, biological and genetic markers in the
prediction of radiological progression. At this time the use of models to predict (fast) x-ray
progression in daily clinical practice is limited. A better prediction model of disease outcome is
needed to make better treatment decisions in (early) RA (de Vries-Bouwstra J et al. J
Rheumatol. 2006;33(9):1747-53).
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SUMMARY OF THE INVENTION
Accordingly, there is a need to identify, characterize and model markers useful in developing

methods for diagnosing and treating rheumatoid arthritis (RA).

We invented a model that helps predict outcome in RA and relates it to the therapeutic regimen
that can be used. A method is provided for prognostic or diagnostic assessment of treatment of

at least one an rheumatoid arthritis related disorder in a subject, comprising:

a) preparing a matrix table comprising set of two or more covariates which significantly
correlate with radiological progression in RA with the probability of a negative

clinical outcome under each of the alternative treatments;

b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

c) selecting one or more of said alternative treatments based on the lowest negative
clinical outcome probability. The model consists of a matrix table that combines a
number of characteristics known to correlate with negative outcomes in RA. The
matrix table relates this profile of characteristics to the probability (risk) of bad
outcome under each of the treatment possibilities. As an application of the model
we analyzed its use for prediction of the risk of rapid radiological progression of
rheumatoid arthritis treated with either MTX monotherapy or MTX + TNF

antagonist.

The model matrix combines several factors in easily readable fashion and predicts outcome
relative to the treatment regimen a physician can choose to treat an individual patient with. The
model is a tool for treatment guidance and patient education.

The present invention thus relates to a method of diagnosing and/or treating RA and/or related
diseases or disorders by identifying and using two to several characteristics known to correlate
with negative outcomes in RA and determining the treatment that minimizes the probability of
negative outcomes. In a particular embodiment, the present invention comprises a method of
determining the efficacy of the treatment for RA based on two to several characteristics known
to correlate with negative outcomes in RA presented in a matrix table. The matrix table relates
this profile of characteristics to the probability (risk) of bad outcome under each of the treatment

possibilities. This can be done for a subject, for example, prior to the manifestation of other

4



5

10

15

20

25

WO 2008/137828 PCT/US2008/062621

gross measurements of clinical response. In one embodiment, the method of modeling a matrix

of two to several characteristics known to correlate with negative outcomes in RA.

In one embodiment, a method is provided for for prognostic or diagnostic assessment of

treatment of at least one an rheumatoid arthritis related disorder in a subject, comprising:

(a) preparing a set of two or more covariates which significantly correlate with
radiological progression in RA with the probability of a negative clinical outcome

under each of the alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative treatments based on the lowest negative

clinical outcome probability.

In another embodiment, the RA-related characteristic profile and treatment profile is provided in

a matrix for prognostic or diagnostic purposes, the method comprising:

(a) preparing a set of two or more characteristics known to correlate with negative
outcomes in RA with the probability of a negative clinical outcome under each of the

alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative treatments based on the lowest negative

clinical outcome probability.

Such methods can include wherein the subject is a patient having, or having the potential to
develop, rheumatoid arthritis and steps (a) through (c) are performed before, during, or after

treatment of the patient with a therapy for rheumatoid arthritis.

Such methods can include wherein steps (a) through (c) are performed during treatment of the
patient with a therapy for the rheumatoid arthritis and about 1-30 weeks after commencement of

treatment.

Such methods can include wherein said covariate is selected from at least one of age, numbers
of tender joints, numbers of swollen joints, erythrocyte sedimentation rate (ESR), rheumatoid

factor (RF) positivity, or serum C-reactive protein (CRP) level, and joint damage.
5
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Such methods can include wherein the treatment is selected from at least one of an
antirheumatic, a TNF antagonist, a muscle relaxant, a narcotic, a non-steroid anti-inflammatory

drug (NSAID), an analgesic, and an anesthetic.

Such methods can include wherein said antirheumatic is at least one selected from
methotrexate, auranofin, aurothioglucose, azathioprine, gold sodium thiomalate,

hydroxychloroquine sulfate, leflunomide, or sulfasalzine.

Such methods can include wherein said TNF antagonist is selected from a small molecule or a

biologic that inhibits at least one TNF biological activity.

Such methods can include wherein said TNF antagonist biologic is an TNF-antibody or TNF

receptor fusion protein.

Such methods can include wherein wherein said TNF antagonist biologic is selected from

infliximab, adalimumab, enteracept or golimumab.

In an alternative embodiment, the present invention comprises a kit for diagnosing RA and/or
related diseases or disorders by identifying and using candidate agents and/or targets which
modulate such diseases or disorders and for determining the efficacy of the treatment for RA
and/or related diseases or disorders based on two or more characteristics known to correlate
with negative outcomes in RA with the probability of a negative clinical outcome under each of

the alternative treatments.

In one aspect, the RA-related antagonist is an antibody that specifically binds RA-related
product. A particular advantage of such antibodies is that they are capable of binding RA-
related product in a manner that prevents its action. The method of the present invention thus
employs antibodies having the desirable neutralizing property which makes them ideally suited
for therapeutic and preventative treatment of disease states associated with various RA-related
disorders in human or nonhuman patients. Accordingly, the present invention is directed to a
method of treating RA or a related disease or condition in a patient in need of such treatment
which comprises administering to the patient an amount of a neutralizing RA-related product

antibody to inhibit the RA-related disease or condition.

In another aspect, the invention provides methods for modulating activity of a member of a RA-
related comprising contacting a cell with an agent (e.g., antagonist or agonist) that modulates
(inhibits or enhances) the activity or expression of the member of the RA-related gene panel

such that activity or expression in the cell is modulated. In a preferred embodiment, the agent is
6
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an antibody that specifically binds to the RA-related gene panel. In other embodiments, the

modulator is a peptide, peptidomimetic, or other small molecule.

The present invention also provides methods of treating a subject having RA or related disorder
wherein the disorder can be ameliorated by modulating the amount or activity of the RA-related
gene panel. The present invention also provides methods of treating a subject having a
disorder characterized by aberrant activity of the RA-related product or one of their encoding
polynucleotide by administering to the subject an agent that is a modulator of the activity of the

RA-related product or or a modulator of the expression of a RA-related gene panel.

In one embodiment, the modulator is a polypeptide or small molecule compound. In another
embodiment, the modulator is a polynucleotide. In a particular embodiment, the RA-related
antagonist is an siRNA molecule, an shRNA molecule, an antisense molecule, a ribozyme, or a

DNAzyme capable of preventing the production of RA-related by cells.

The present invention further provides any invention described herein.

Detailed Description of the Invention

The invention relates to a method of determining the efficacy of the treatment for RA based on
two to several characteristics known to correlate with negative outcomes in RA presented in a
matrix. The invention also relates to a method of determining the efficacy of the treatment for
RA based on preparing matrix table comprising two to several covariates which significantly
correlate with radiological progression. The matrix relates this profile of characteristics or
covariates to the probability (risk) of negative outcomes under each of the alternative potential
treatments. This can be done for a subject, for example, prior to the manifestation of other

gross measurements of clinical response.

A method is provided for prognostic or diagnostic assessment of treatment of at least one an

rheumatoid arthritis related disorder in a subject, comprising:

d) preparing a matrix table comprising set of two or more covariates which significantly
correlate with radiological progression in RA with the probability of a negative

clinical outcome under each of the alternative treatments;

e) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and
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f) selecting one or more of said alternative treatments based on the lowest negative
clinical outcome probability. The model consists of a matrix table that combines a
number of characteristics known to correlate with negative outcomes in RA. The
matrix table relates this profile of characteristics to the probability (risk) of bad
outcome under each of the treatment possibilities. As an application of the model
we analyzed its use for prediction of the risk of rapid radiological progression of
rheumatoid arthritis treated with either MTX monotherapy or MTX + TNF

antagonist.

The model matrix combines several factors in easily readable fashion and predicts outcome
relative to the treatment regimen a physician can choose to treat an individual patient with. The
model is a tool for treatment guidance and patient education.

The present invention thus relates to a method of diagnosing and/or treating RA and/or related
diseases or disorders by identifying and using two to several characteristics known to correlate
with negative outcomes in RA and determining the treatment that minimizes the probability of
negative outcomes. In a particular embodiment, the present invention comprises a method of
determining the efficacy of the treatment for RA based on two to several characteristics known
to correlate with negative outcomes in RA presented in a matrix table. The matrix table relates
this profile of characteristics to the probability (risk) of bad outcome under each of the treatment
possibilities. This can be done for a subject, for example, prior to the manifestation of other
gross measurements of clinical response. In one embodiment, the method of modeling a matrix

of two to several characteristics known to correlate with negative outcomes in RA.

In one embodiment, a method is provided for for prognostic or diagnostic assessment of

treatment of at least one an rheumatoid arthritis related disorder in a subject, comprising:

(a) preparing a set of two or more covariates which significantly correlate with
radiological progression in RA with the probability of a negative clinical outcome

under each of the alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative treatments based on the lowest negative

clinical outcome probability.
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In another embodiment, the RA-related characteristic profile and treatment profile is provided in

a matrix for prognostic or diagnostic purposes, the method comprising:

(a) preparing a set of two or more characteristics known to correlate with negative
outcomes in RA with the probability of a negative clinical outcome under each of the

alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative treatments based on the lowest negative

clinical outcome probability.

Such methods can include wherein the subject is a patient having, or having the potential to
develop, rheumatoid arthritis and steps (a) through (c) are performed before, during, or after

treatment of the patient with a therapy for rheumatoid arthritis.

Such methods can include wherein steps (a) through (c) are performed during treatment of the
patient with a therapy for the rheumatoid arthritis and about 1-30 weeks after commencement of

treatment.

Such methods can include wherein said covariate is selected from at least one of age, nhumbers
of tender joints, numbers of swollen joints, erythrocyte sedimentation rate (ESR), rheumatoid

factor (RF) positivity, or serum C-reactive protein (CRP) level, and joint damage.

Such methods can include wherein the treatment is selected from at least one of an
antirheumatic, a TNF antagonist, a muscle relaxant, a narcotic, a non-steroid anti-inflammatory

drug (NSAID), an analgesic, and an anesthetic.

Such methods can include wherein said antirheumatic is at least one selected from
methotrexate, auranofin, aurothioglucose, azathioprine, gold sodium thiomalate,

hydroxychloroquine sulfate, leflunomide, or sulfasalzine.

Such methods can include wherein said TNF antagonist is selected from a small molecule or a

biologic that inhibits at least one TNF biological activity.

Such methods can include wherein said TNF antagonist biologic is an TNF-antibody or TNF

receptor fusion protein.

Such methods can include wherein wherein said TNF antagonist biologic is selected from
9
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infliximab, adalimumab, enteracept or golimumab.

In an alternative embodiment, the present invention comprises a kit for diagnosing RA and/or
related diseases or disorders by identifying and using candidate agents and/or targets which
modulate such diseases or disorders and for determining the efficacy of the treatment for RA
and/or related diseases or disorders based on two or more characteristics known to correlate
with negative outcomes in RA with the probability of a negative clinical outcome under each of

the alternative treatments.

Another embodiment of the present invention relates to agonists and/or antagonists ofthe
transcription of the genes or of the gene products of the RA-related and a method of using RA-
related antagonists, including antibodies directed toward RA-related products, to treat RA or

related disorders.

In one aspect, the RA-related antagonist is an antibody that specifically binds RA-related
product. A particular advantage of such antibodies is that they are capable of binding RA-
related product in a manner that prevents its action. The method of the present invention thus
employs antibodies having the desirable neutralizing property which makes them ideally suited
for therapeutic and preventative treatment of disease states associated with various RA-related
disorders in human or nonhuman patients. Accordingly, the present invention is directed to a
method of treating RA or a related disease or condition in a patient in need of such treatment
which comprises administering to the patient an amount of a neutralizing RA-related antibody to

inhibit the RA-related disease or condition.

In another aspect, the invention provides methods for modulating activity of a member of a RA-
related comprising contacting a cell with an agent (e.g., antagonist or agonist) that modulates
(inhibits or enhances) the activity or expression of the member of the RA-related gene panel
such that activity or expression in the cell is modulated. In a preferred embodiment, the agent is
an antibody that specifically binds to the RA-related gene panel. In other embodiments, the

modulator is a peptide, peptidomimetic, or other small molecule.

Definitions

The following definitions are set forth to illustrate and define the meaning and scope of various
terms used to describe the invention herein.

An “activity,” a biological activity, and a functional activity of a polypeptide refers to an activity
exerted by a gene of the RA-related in response to its specific interaction with another protein or

10
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molecule as determined in vivo, in situ, or in vitro, according to standard techniques. Such
activities can be a direct activity, such as an association with or an enzymatic activity on a
second protein, or an indirect activity, such as a cellular process mediated by interaction of the
protein with a second protein or a series of interactions as in intracellular signaling or the

coagulation cascade.

An “antibody” includes any polypeptide or peptide containing molecule that comprises at least a
portion of an immunoglobulin molecule, such as but not limited to, at least one complementarity
determining region (CDR) of a heavy or light chain or a ligand binding portion thereof, a heavy
chain or light chain variable region, a heavy chain or light chain constant region, a framework
region, or any portion, fragment or variant thereof. The term “antibody” is further intended to
encompass antibodies, digestion fragments, specified portions and variants thereof, including
antibody mimetics or comprising portions of antibodies that mimic the structure and/or function
of an antibody or specified fragment or portion thereof, including single chain antibodies and
fragments thereof. For example, antibody fragments include, but are not limited to, Fab (e.g.,
by papain digestion), Fab' (e.g., by pepsin digestion and partial reduction) and F(ab’)2 (e.g., by
pepsin digestion), facb (e.g., by plasmin digestion), pFc’ (e.g., by pepsin or plasmin digestion),
Fd (e.g., by pepsin digestion, partial reduction and reaggregation), Fv or scFv (e.g., by
molecular biology techniques) fragments, and single domain antibodies (e.g., Vy or V), are
encompassed by the invention (see, e.g., Colligan, et al., eds., Current Protocols in
Immunology, John Wiley & Sons, Inc., NY (1994-2007); Colligan et al., Current Protocols in
Polypeptide Science, John Wiley & Sons, NY (1997-2007)).

The phrases “labeled biological molecule” or “labeled with a detectable composition” or “labeled
with a detectable moiety” as used herein refer to a biological molecule, e.g., a nucleic acid,
comprising a detectable composition, i.e., a label, as described in detail, below. The label can
also be another biological molecule, as a nucleic acid, e.g., a nucleic acid in the form of a stem-
loop structure as a “molecular beacon,” as described below. This includes incorporation of
labeled bases (or, bases which can bind to a detectable label) into the nucleic acid by, e.g., nick
translation, random primer extension, amplification with degenerate primers, and the like. Any
label can be used, e.g., chemiluminescent labels, radiolabels, enzymatic labels and the like.
The label can be detectable by any means, e.g., visual, spectroscopic, photochemical,
biochemical, immunochemical, physical, chemical and/or chemiluminescent detection. The

invention can use arrays comprising immobilized nucleic acids comprising detectable labels.

11
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The term “profile” means a pattern and relates to the magnitude and direction of change of a
number of features. The profile may be interpreted stringently, i.e., where the variation in the
magnitude and/or number of features within the profile displaying the characteristic is
substantially similar to a reference profile or it may be interpreted less stringently, for example,

by requiring a trend rather than an absolute match of all or a subset of feature characteristics.

The terms “protein,” “polypeptide,” and “peptide” include “analogs,” or “conservative variants”
and “mimetics” or “peptidomimetics” with structures and activity that substantially correspond to

the polypeptide from which the variant was derived, as discussed in detail above.

A “polypeptide” is a polymer of amino acid residues joined by peptide bonds, and a peptide
generally refers to amino acid polymers of 12 or less residues. Peptide bonds can be produced
naturally as directed by the nucleic acid template or synthetically by methods well known in the

art.

A “protein” is a macromolecule comprising one or more polypeptide chains. A protein may
further comprise substituent groups attached to the side groups of the amino acids not involved
in formation of the peptide bonds. Typically, proteins formed by eukaryotic cell expression also
contain carbohydrates. Proteins are defined herein in terms of their amino acid sequence or

backbone and substituents are not specified, whether known or not.

The term “receptor” denotes a molecule having the ability to affect biological activity, in e.g., a
cell, as a result of interaction with a specific ligand or binding partner. Cell membrane bound
receptors are characterized by an extracellular ligand-binding domain, one or more membrane
spanning or transmembrane domains, and an intracellular effector domain that is typically
involved in signal transduction. Ligand binding to cell membrane receptors causes changes in
the extracellular domain that are communicated across the cell membrane, direct or indirect
interaction with one or more intracellular proteins, and alters cellular properties, such as enzyme
activity, cell shape, or gene expression profile. Receptors may also be untethered to the cell
surface and may be cytosolic, nuclear, or released from the cell altogether. Non-cell associated

receptors are termed soluble receptors or ligands.

All publications or patents cited herein are entirely incorporated herein by reference, whether or
not specifically designated accordingly, as they show the state of the art at the time of the
present invention and/or provide description and enablement of the present invention.

Publications refer to any scientific or patent publications, or any other information available in

12
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any media format, including all recorded, electronic or printed formats. The following references
are entirely incorporated herein by reference: Ausubel, et al., ed., Current Protocols in
Molecular Biology, John Wiley & Sons, Inc., NY (1987-2007); Sambrook, et al., Molecular
Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor, NY (1989); Harlow and Lane,
antibodies, a Laboratory Manual, Cold Spring Harbor, NY (1989); Colligan, et al., eds., Current
Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-2007); Colligan et al., Current
Protocols in Protein Science, John Wiley & Sons, NY (1997-2007).

Therapeutic agents

Antagonists

As used herein, the term “antagonists” refer to substances which inhibit or neutralize the
biologic activity of RA-related genes or proteins. Such antagonists accomplish this effect in a
variety of ways. One class of antagonists will bind to the gene product protein with sufficient
affinity and specificity to neutralize the biologic effects of the protein. Included in this class of
molecules are antibodies and antibody fragments (such as, for example, F(ab) or F(ab’),
molecules). Another class of antagonists comprises fragments of the gene product protein,
muteins or small organic molecules, i.e., peptidomimetics, that will bind to the cognate binding
partners or ligands of the gene product, thereby inhibiting the biologic activity of the specific
interaction of the gene product with its cognate ligand or receptor. The RA-related gene
antagonist may be of any of these classes as long as it is a substance that inhibits at least one

biological activity of the gene product.

Antagonists include antibodies directed to one or more regions of the gene product protein or
fragments thereof, antibodies directed to the cognate ligand or receptor, and partial peptides of
the gene product or its cognate ligand which inhibit at least one biological activity of the gene
product. Another class of antagonists include siRNAs, shRNAs, antisense molecules and

DNAzymes targeting the gene sequence as known in the art are disclosed herein.

Suitable antibodies include those that compete for binding to RA-related gene products with
monoclonal antibodies that block RA-related gene product activation or prevent RA-related

gene product binding to its cognate ligand, or prevent RA-related gene product signalling.

The invention also provides chimeric or fusion proteins. As used herein, a "chimeric protein" or

"fusion protein" comprises all or part (preferably biologically active) of a RA-related gene
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product polypeptide operably linked to a heterologous polypeptide (i.e., a polypeptide other than
the same RA-related gene product polypeptide). Within the fusion protein, the term "operably
linked" is intended to indicate that the RA-related gene product polypeptide and the
heterologous polypeptide are fused in-frame to each other. The heterologous polypeptide can
be fused to the amino-terminus or the carboxyl-terminus of the RA-related gene product
polypeptide. In another embodiment, a RA-related gene product polypeptide or a domain or
active fragment thereof can be fused with a heterologous protein sequence or fragment thereof
to form a chimeric protein, where the polypeptides, domains or fragments are not fused end to

end but are interposed within the heterologous protein framework.

In yet another embodiment, the fusion protein is an immunoglobulin fusion protein in which all or
part of a RA-related gene product polypeptide is fused to sequences derived from a member of
the immunoglobulin protein family. The immunoglobulin fusion proteins of the invention can be
incorporated into pharmaceutical compositions and administered to a subject to inhibit an
interaction between a ligand (soluble or membrane-bound) and a protein on the surface of a cell
(receptor), to thereby suppress signal transduction in vivo. The immunoglobulin fusion protein
can be used to affect the bioavailability of a cognate ligand of a RA-related gene product
polypeptide. Inhibition of ligand/receptor interaction can be useful therapeutically, both for
treating proliferative and differentiative disorders and for modulating (e.g., promoting or
inhibiting) cell survival. A preferred embodiment of an immunoglobulin chimeric protein is a Cy1
domain-deleted immunoglobulin or “mimetibody” having an active polypeptide fragment
interposed within a modified framework region as taught in co-pending application PCT
WQ0O/04002417. Moreover, the immunoglobulin fusion proteins of the invention can be used as
immunogens to produce antibodies directed against a RA-related gene product polypeptide in a
subject, to purify ligands and in screening assays to identify molecules that inhibit the interaction

of receptors with ligands.

TNF antagonists suitable for compositions, combination therapy, co-administration, devices
and/or methods of the present invention (further comprising at least one anti body, specified
portion and variant thereof, of the present invention), include, but are not limited to, anti-TNF
antibodies, antigen-binding fragments thereof, 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, pentoxifylline and

rolipram), A2b adenosine receptor agonists and A2b adenosine receptor enhancers;
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compounds which prevent and/or inhibit TNF receptor signalling, such as mitogen activated
protein (MAP) kinase inhibitors; compounds which block and/or inhibit membrane TNF
cleavage, such as metalloproteinase inhibitors; compounds which block and/or inhibit TNF
activity, such as angiotensin converting enzyme (ACE) inhibitors (e.g., captopril); and
compounds which block and/or inhibit TNF production and/or synthesis, such as MAP kinase

inhibitors.

As used herein, a "tumor necrosis factor antibody,” “TNF antibody,” “TNFa antibody,” or
fragment and the like decreases, blocks, inhibits, abrogates or interferes with TNFo, activity in
vitro, in situ and/or preferably in vivo. For example, a suitable TNF human antibody of the
present invention can bind TNFa and includes anti-TNF antibodies, antigen-binding fragments
thereof, and specified mutants or domains thereof that bind specifically to TNFa. A suitable
TNF anttibody or fragment can also decrease block, abrogate, interfere, prevent and/or inhibit
TNF RNA, DNA or protein synthesis, TNF release, TNF receptor signaling, membrane TNF

cleavage, TNF activity, TNF production and/or synthesis.

Chimeric antibody cA2 consists of the antigen binding variable region of the high-affinity
neutralizing mouse anti-human TNFa IgG1 antibody, designated A2, and the constant regions
of a human IgG1, kappa immunoglobulin. The human IgG1 Fc region improves allogeneic
antibody effector function, increases the circulating serum half-life and decreases the
immunogenicity of the antibody. The avidity and epitope specificity of the chimeric antibody cA2
is derived from the variable region of the murine antibody A2. In a particular embodiment, a
preferred source for nucleic acids encoding the variable region of the murine antibody A2 is the

A2 hybridoma cell line.

Chimeric A2 (cA2) neutralizes the cytotoxic effect of both natural and recombinant human TNFa
in a dose dependent manner. From binding assays of chimeric antibody cA2 and recombinant
human TNFa, the affinity constant of chimeric antibody cA2 was calculated to be 1.04x10"°M™".
Preferred methods for determining monoclonal antibody specificity and affinity by competitive
inhibition can be found in Harlow, et al., antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 1988; Colligan et al., eds., Current Protocols
in Immunology, Greene Publishing Assoc. and Wiley Interscience, New York, (1992-2007);
Kozbor et al., Immunol. Today, 4:72-79 (1983); Ausubel et al, eds. Current Protocols in

15



10

15

20

25

30

WO 2008/137828 PCT/US2008/062621

16

Molecular Biology, Wiley Interscience, New York (1987-2007); and Muller, Meth. Enzymol.,

92:589-601 (1983), which references are entirely incorporated herein by reference.

In a particular embodiment, murine monoclonal antibody A2 is produced by a cell line

designated c134A. Chimeric antibody cA2 is produced by a cell line designated c168A.

Additional examples of monoclonal anti-TNF antibodies that can be used in the present
invention are described in the art (see, e.g., U.S. Patent No. 5,231,024; Moller, A. et al,,
Cytokine 2(3):162-169 (1990); U.S. Application No. 07/943,852 (filed September 11, 1992);
Rathjen et al., International Publication No. WO 91/02078 (published February 21, 1991); Rubin
et al., EPO Patent Publication No. 0 218 868 (published April 22, 1987); Yone et al., EPO
Patent Publication No. 0 288 088 (October 26, 1988); Liang, et al., Biochem. Biophys. Res.
Comm. 137.847-854 (1986); Meager, et al., Hybridoma 6:305-311 (1987); Fendly ef al.,
Hybridoma 6:359-369 (1987); Bringman, et al., Hybridoma 6:489-507 (1987); and Hirai, et al., J.
Immunol. Meth. 96:57-62 (1987), which references are entirely incorporated herein by

reference).
TNF Receptor Molecules

Preferred TNF receptor molecules useful in the present invention are those that bind TNF o with
high affinity (see, e.g., Feldmann et al., International Publication No. WO 92/07076 (published
April 30, 1992); Schall et al., Cell 61:361-370 (1990); and Loetscher et al., Cell 61:351-359
(1990), which references are entirely incorporated herein by reference) and optionally possess
low immunogenicity. 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 these receptors,
comprising the extracellular domains (ECD) of the receptors or functional portions thereof (see,
e.g., Corcoran et al., Eur. J. Biochem. 223:831-840 (1994)), 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 TNFa inhibitory binding proteins (Engelmann, H. et al.,
J. Biol. Chem. 265:1531-1536 (1990)). TNF receptor multimeric molecules and TNF
immunoreceptor fusion molecules, and derivatives and fragments or portions thereof, are
additional examples of TNF receptor molecules which are useful in the methods and
compositions of the present invention. The TNF receptor molecules 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, can contribute to the therapeutic results achieved.
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TNF receptor multimeric molecules useful in the present invention comprise all or a functional
portion of the ECD of two or more TNF receptors linked via one or more polypeptide linkers or
other nonpeptide linkers, such as polyethylene glycol (PEG). 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.

TNF immunoreceptor fusion molecules useful in the methods 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 TNF receptors. These immunoreceptor fusion molecules can
be assembled as monomers, or hetero- or homo-multimers. The immunoreceptor fusion
molecules can also be monovalent or multivalent. An example of such a TNF immunoreceptor
fusion molecule is TNF receptor/IgG fusion protein. TNF immunoreceptor fusion molecules and
methods for their production have been described in the art (Lesslauer et al., Eur. J. Immunol.
21:2883-2886 (1991); Ashkenazi et al., Proc. Natl. Acad. Sci. USA 88:10535-10539 (1991);
Peppel et al., J. Exp. Med. 174:1483-1489 (1991); Kolls et al., Proc. Natl. Acad. Sci. USA
91:215-219 (1994); Butler et al., Cytokine 6(6):616-623 (1994); Baker et al., Eur. J. Immunol.
24:2040-2048 (1994); Beutler et al., U.S. Patent No. 5,447,851; and U.S. Application No.
08/442,133 (filed May 16, 1995), each of which references are entirely incorporated herein by
reference). Methods for producing immunoreceptor fusion molecules can also be found in
Capon et al., U.S. Patent No. 5,116,964; Capon et al., U.S. Patent No. 5,225,538; and Capon et

al., Nature 337:525-531 (1989), which references are entirely incorporated herein by reference.

A functional equivalent, derivative, fragment or region of TNF receptor molecule refers to the
portion of the TNF receptor molecule, or the portion of the TNF receptor molecule sequence
which encodes TNF receptor molecule, that is of sufficient size and sequences to functionally
resemble TNF receptor molecules that can be used in the present invention (e.g., bind TNFa
with high affinity and possess low immunogenicity). A functional equivalent of TNF receptor
molecule also includes modified TNF receptor molecules that functionally resemble TNF
receptor molecules that can be used in the present invention (e.g., bind TNFa with high affinity
and possess low immunogenicity). For example, a functional equivalent of TNF receptor
molecule can contain a "SILENT" codon or one or more amino acid substitutions, deletions or

additions (e.g., substitution of one acidic amino acid for another acidic amino acid; or
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substitution of one codon encoding the same or different hydrophobic amino acid for another
codon encoding a hydrophobic amino acid). See Ausubel et al., Current Protocols in Molecular

Biology, Greene Publishing Assoc. and Wiley-Interscience, New York (1987-2007).

Compositions and Their Uses

In accordance with the invention, the neutralizing anti-RA-related gene product antagonists,
such as monoclonal antibodies, described herein can be used to inhibit RA-related gene
product activity. Additionally, such antagonists can be used to inhibit the pathogenesis of RA
and -related inflammatory diseases amenable to such treatment, which may include, but are not
limited to, rheumatic diseases. The individual to be treated may be any mammal and is
preferably a primate, a companion animal which is a mammal and most preferably a human
patient. The amount of antagonist administered will vary according to the purpose it is being

used for and the method of administration.

The RA-related gene antagonists may be administered by any number of methods that result in
an effect in tissue in which pathological activity is desired to be prevented or halted. Further,
the anti-RA-related gene product antagonists need not be present locally to impart an effect on
the RA-related gene product activity, therefore, they may be administered wherever access to
body compartments or fluids containing RA-related gene product is achieved. In the case of
inflamed, malignant, or otherwise compromised tissues, these methods may include direct
application of a formulation containing the antagonists. Such methods include intravenous
administration of a liquid composition, transdermal administration of a liquid or solid formulation,
oral, topical administration, or interstitial or inter-operative administration. Adminstration may be
affected by the implantation of a device whose primary function may not be as a drug delivery

vehicle.

For antibodies, the preferred dosage is about 0.1 mg/kg to 100 mg/kg of body weight (generally
about 10 mg/kg to 20 mg/kg). If the antibody is to act in the brain, a dosage of about 50 mg/kg
to 100 mg/kg is usually appropriate. Generally, partially human antibodies and fully human
antibodies have a longer half-life within the human body than other antibodies. Accordingly, the
use of lower dosages and less frequent administration is often possible. Modifications, such as
lipidation, can be used to stabilize antibodies and to enhance uptake and tissue penetration
(e.g., into the brain). A method for lipidation of antibodies is described by Cruikshank et al.
((1997) J. Acquired Immune Deficiency Syndromes and Human Retrovirology 14:193).
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The RA-related gene product antagonist nucleic acid molecules can be inserted into vectors
and used as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for
example, intravenous injection, local administration (U.S. Pat. No. 5,328,470), or by stereotactic
injection (see, e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. USA 91:3054- 3057). The
pharmaceutical preparation of the gene therapy vector can include the gene therapy vector in
an acceptable diluent, or can comprise a slow release matrix in which the gene delivery vehicle
is imbedded. Alternatively, where the complete gene delivery vector can be produced intact
from recombinant cells, e.g., retroviral vectors, the pharmaceutical preparation can include one

or more cells which produce the gene delivery system.

The pharmaceutical compositions can be included in a container, pack, or dispenser together

with instructions for administration.

Methods of Treatment

The present invention provides for both prophylactic and therapeutic methods of treating a
subject at risk of (or susceptible to) a disorder or having a disorder associated with aberrant
expression or activity of a RA-related gene product polypeptide and/or in which the RA-related

gene product polypeptide is involved.

The present invention provides a method for modulating or treating at least one RA-related
disease or condition, in a cell, tissue, organ, animal, or patient, as known in the art or as
described herein, using at least one RA-related gene product antagonist. Compositions of RA-
related gene product antagonist may find therapeutic use in the treatment of RA or related
conditions. Disorders characterized by aberrant expression or activity of the RA-related gene

product polypeptides are further described elsewhere in this disclosure.

Prophylactic Methods

In one aspect, the invention provides a method for at least substantially preventing in a subject,
a disease or condition associated with an aberrant expression or activity of a RA-related gene
product polypeptide, by administering to the subject an agent that modulates expression or at
least one activity of the polypeptide. Subjects at risk for a disease that is caused or contributed
to by aberrant expression or activity of a RA-related gene product can be identified by, for
example, any or a combination of diagnostic or prognostic assays as described herein.

Administration of a prophylactic agent can occur prior to the manifestation of symptoms
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characteristic of the aberrancy, such that a disease or disorder is prevented or, alternatively,
delayed in its progression. Depending on the type of aberrancy, for example, an agonist or
antagonist agent can be used for treating the subject. The appropriate agent can be

determined based on screening assays described herein.

Therapeutic Methods

Another aspect of the invention pertains to methods of modulating expression or activity of RA-
related gene or gene product for therapeutic purposes. The modulatory method of the invention
involves contacting a cell with an agent that modulates one or more of the activities of the
polypeptide. An agent that modulates activity can be an agent as described herein, such as a
nucleic acid or a protein, a naturally-occurring cognate ligand of the polypeptide, a peptide, a
peptidomimetic, or other small molecule. In one embodiment, the agent stimulates one or more
of the biological activities of the polypeptide. In another embodiment, the agent inhibits one or
more of the biological activities of the RA-related gene or gene product polypeptide. Examples
of such inhibitory agents include antisense nucleic acid molecules and antibodies and other
methods described herein. These modulatory methods can be performed in vitro (e.g., by
culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the agent to a
subject). As such, the present invention provides methods of treating an individual afflicted with
a disease or disorder characterized by aberrant expression or activity of a RA-related gene
product polypeptide. In one embodiment, the method involves administering an agent (e.g., an
agent identified by a screening assay described herein), or combination of agents that modulate
(e.g., up-regulates or down-regulates) expression or activity. Inhibition of activity is desirable in
situations in which activity or expression is abnormally high or up-regulated and/or in which

decreased activity is likely to have a beneficial effect.

While having described the invention in general terms, the embodiments of the invention will be
further disclosed in the following examples which should not be construed as limiting the scope

of the claims.

EXAMPLE 1: Matrix Modeling of Inflammatory-Autoimmune Disease Rheumatorid
Arthritis Markers

Patients and study protocol.
Details on the patient population and study protocol on which we have tested our model have
been presented previously (StClair et al. Arthritis Rheum 2004;50:3432-3443). Briefly, patients
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enrolled in the study had active RA, had not previously received MTX, and had a history of
persistent synovitis (>3 months but <3 years from date of diagnosis). In addition, patients had
>=10 swollen joints (66 joint count), >=12 tender joints (68 joint count), and >=1 of the following:
rheumatoid factor (RF) positivity, radiographic erosions of the hands or feet, or serum C-

reactive protein (CRP) level >=2.0 mg/dl.

The institutional review boards at participating sites approved the study protocol. All patients
provided written informed consent. Patients were randomized in a 4:5:5 ratio to receive placebo,
infliximab 3 mg/kg, or infliximab 6 mg/kg at weeks 0, 2, and 6, and then every 8 weeks through
week 46. All patients were treated with oral MTX starting at 7.5 mg/week at week 0; MTX doses
were increased by 2.5 mg every 1-2 weeks to reach 15 mg/week by week 4 and 20 mg/week
by week 8. MTX was administered to all patients through week 54. Patients also received folic
acid >=5 mg/week.

Study evaluations and end points.

Clinical and laboratory analyses.

The American College of Rheumatology core set variables (Felson A&R 1993), including
numbers of tender and swollen joints, were documented at each visit. The 28 joint count
(Prevoo A&R 1995) was used in the creation of our model as it is more appropriate and more
frequently used in daily clinical practice as compared to the 66/68 count. The Westergren
method (Koepke 1988) was used to determine erythrocyte sedimentation rate (ESR) at weeks
0, 6, 30, and 54; normal ESR levels were <=20 mm/hour for women and <=15 mm/hour for
men. CRP levels (normal <0.8 mg/dl) were measured by nephelometry (Stites 1997) at
screening and each visit thereafter. (If possible RF testing should be specified as different 1G’s
tested for have different correlation with radiological progression. Radiographs of the hands and
feet were obtained within 4 weeks of receiving the first dose of the study drug, at weeks 30 and
54, and upon use of a protocol-prohibited medication or study termination, as applicable. Joint
damage was assessed by change in the modified Sharp/van der Heijde score (SHS) (vander
Heijde Lancet 1989) from baseline to week 54.

Statistical analysis and modeling.

The objective of the present analysis was to use baseline variables that are identified as
predictors of radiographic progression, in a model that relates them to the probability of rapid

radiological progression. The ASPIRE study was not specifically designed for this analysis. We
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also incorporated the treatment regimen, i.e. MTX monotherapy or MTX + IFX, in the model.
This allows the model to guide therapeutic decision making.

Of the 1,049 patients enrolled in the ASPIRE trial, 1,004 were prospectively identified as eligible
for inclusion in the efficacy analyses prior to unblinding (StClair A&R 2004). Since the 2
infliximab dosing groups showed a similar change in SHS score from baseline to week 54
(StClair A&R 2004), they were combined in the current analysis for comparison with the MTX-
only group. Summary statistics of median, mean, and interquartile ranges are presented for
continuous variables. Spearman correlation analyses were performed to evaluate the
association between baseline covariates and changes in radiographic scores. Tests for
statistical significance were performed using analysis of variance on van der Waerden normal
scores. For categorical response parameters, treatment group comparisons were made using
the chi-square test. Logistic regression analyses were performed to examine the significance of
individual variables in predicting worsening of joint damage at week 54 for both treatment
regimens. Since it is our intention to create a model that can be used in clinical practice, only
covariates which significantly correlated with radiological progression and which are readily
available in daily clinic were selected for the model. In an attempt to simplify the model and in
order to allow that patient subgroups described with their baseline characteristics also had fair
patient representation in the ASPIRE study, trichotomous representation was chosen in case of
linear relationships with radiological progression. Facilitating application in daily clinical practice,
clinically meaningful thresholds (e.g. upper limits of normal) were chosen where possible.
Dichotomous representation of variables was used in case applicable.

Being the more appropriate way of describing radiological results (vander Heijde A&R 2005),
the model was based on the probability of rapid radiological progression rather than on means
and standard deviations or means and quartiles. Rapid progression was defined as a
progression of at least 5 on the SHS score from baseline to week 54. In the SHS scoring
method, a joint is considered to be destroyed if it has 4 joint space narrowing score units or 5
erosion score units (Sharp A&R 1985, Sharp A&R 1991). As such the radiological outcome in
our model can be described as ‘progression equivalent to the destruction of at least one joint
per year’; a definition which is practical when trying to explain risk to patients or third party
payers. Although there is dilution of SHS progression over all joints that are radiologically
assessed, in an analysis done with the same study results, it was shown that erosion
progression or joint space narrowing (JSN) was primarily seen in these joints that had erosion

or JSN at baseline (vander Heijde ACR 2005). This means that the joints that are showing
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destruction at baseline have a higher probability to progress to complete destruction than that
previously unaffected joints would start to show destruction.

Statistical analyses were performed using the SAS system (SAS Institute, Cary, NC). All
statistical tests were 2-sided and were performed at an alpha level of 0.05.

Results:

Patient characteristics.

The median age of the patients participating in this study was 51 years (range 18-76 years).
The 1,004 patients included in these analyses had a female gender in 68-71% of subjects, a
mean age of 50-51 years old and disease duration of 0.8-0.9 years. 71-73% were RF positive.
Disease activity was moderate-to-high in terms of swollen and tender joint counts (66/68 joints
counted); 21-22 and 31-33 respectively, CRP and ESR; means range 2.6-3.0 mg/dl and 43-45
mm/hour respectively, pain ratings, global assessments, and Health Assessment Questionnaire
scores. The mean and median radiographic score at baseline ranged from 11.2-11.6 and 5.1-
5.3 respectively. The study population was well balanced across treatment groups for baseline
demographic and clinical characteristics (StClair A&R 2004).

Joint damage progression.

The change in the SHS from baseline to week 54 was significantly less among patients
receiving combination therapy of MTX with infliximab at 3 mg/kg and MTX with infliximab at 6
mg/kg than among those receiving MTX alone (mean +/- SD 0.4 +/- 5.8, 0.5 +/- 5.6, and 3.7 +/-
9.6, respectively; P <0.001 for each comparison). During this time frame, 39% of patients
receiving infliximab plus MTX showed an increase in radiographic score, compared with 61% of
patients receiving MTX alone (P < 0.001). Eight percent and 23% respectively showed an
increase of their radiographic score of at least 5 SHS units. 17/27 (63%) of patients who had a
SHS of 0 at baseline did not progress under MTX, while this was 47/59 (80%) of the combined
infliximab+MTX group.

Joint damage progression in relation to baseline characteristics.

In patients receiving MTX only, higher swollen joint count (correlation coefficient: 0.156,
p=0.0088), ESR (0.268, p<0.0001) CRP (0.242, p<0.0001) and RF levels (0.127, p=0.0324) at
baseline correlated with greater joint damage at week 54. Among patients treated with infliximab
plus MTX; baseline SHS was inversely correlated (-0.191, p<0.0001) and age (0.081, p=0.0297)
was positively correlated with changes in SHS from baseline to week 54. The association
between higher SHS at baseline and less radiographic progression at week 54 was largely due

to a decrease in SHS in some patients in the infliximab plus MTX group (Smolen A&R 2004).
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Matrix model for prediction of rapid radiological progression.

Swollen joint count, ESR, CRP and RF showed a linear correlation with radiological progression
and were entered as trichotomous variables in the model. The threshold values for distribution
of the population over the variables were chosen to be clinically relevant and to represent
significant proportions of the population at baseline. Although age had a linear relationship with
increasing radiological progression it did not show such relationship with progression in the
MTX treated population. However, when the variable was entered as dichotomous variable, less
than or equal to / more than 65 years old, a significant correlation of age with radiological
progression was also observed in the MTX-only treated population. Age and therapy were both
entered as dichotomous variables. Baseline SHS score was not introduced in the model, as it is
not available in daily clinic and as it is associated with better rather than with worse radiological
outcome.

A matrix model was created in which the probability of rapid radiological progression at week 54
is related to the relevant disease characteristics of the individual patients at baseline. A color
scheme ranging from blue (lowest risk of rapid progression) to red (highest risk of rapid
progression) was applied for better visualization of the risk distribution, see table 1.

Therapeutic guidance using the model.

The relative risk reduction of rapid progression for combination treatment with MTX and
infliximab compared with MTX alone ranged from 50% in patients with low disease activity
(ESR, CRP & SJC) and low RF-titer at baseline regardless of the age category, to 66%-74% in
patients with high disease activity, high RF-titer and age <65 and >=65 respectively. The
absolute risk reduction of rapid progression ranged from 1%-3% to 20%-35% for these
respective groups. This indicates that the relative benefit of infliximab + MTX combination
therapy is largest in those groups who are at the highest risk of rapid radiological progression as
determined by SJC, CRP, ESR, RF-titer and age at baseline.

Table 1 shows the differences between MTX and combined IFX+MTX groups in mean van der
Waerden (VW) normal scores of the change from baseline in total SHS score at week 54
(vertical bars) and the associated 95% confidence intervals (horizontal bars) for subgroups
defined by baseline disease characteristics as represented with thresholds as used in the

model.
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Table 1. Representation of the matrix model
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Advantages

The model is based on what is possibly the most broadly used model for assessing risk in a
disease, i.e. the cardiovascular risk chart. The advantage of this model is that it combines
several characteristics known to relate to outcome in a way that is easily understandable for
patients and physicians. In our model for prediction of outcome in IMID, we use the same way
of combining risk factors but also introduce the therapeutic regimen in the risk chart. The
advantage of this is that risk expected in the individual is related to the treatment possibilities a
physician has. As such, more than just being informative, it can be easily used for therapeutic
guidance.

In IMID, patented models that combine disease characterics to predict outcome do exist (e.g.
van der Helm-van Mil et al. Arthritis Rheum 2007;56(2):433-440, Drs. van der Helm-van Mil and
Huizinga are named as investigators on the patent “Systems and methods for predicting an
individual’s risk of developing rheumatoid arthritis.”). These confirm the high scientific interest
for them in these diseases and their patent confirms the need to protect the intellectual property

of such models.
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The advantage of our Matrix model in comparison to the model mentioned above is that it is
more practical as it relates the parameters immediately to the expected risk, without first having
to calculate the ‘intermediate prediction score’ as used by van der Helm-van Mil et al. Also here,

incorporation of the therapeutic regimen is an advantage favoring our model.

In conclusion we see three advantages of our model as opposed to the other models we are

aware of:

1. we use the combination of characteristics in an easily readable template

2. we provide probability (risk) directly related to the individual patient’s profile by providing

a matrix reflecting the total heterogeneous population.

3. we include therapeutic regimens into the model which allows the model to be of use for

therapeutic guidance.
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What is Claimed:
1. A method for prognostic or diaghostic assessment of treatment of at least one an rheumatoid

arthritis related disorder in a subject, comprising:

10

15

20

25

(a) preparing a set of two or more covariates which significantly correlate with
radiological progression in RA with the probability of a negative clinical outcome

under each of the alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative treatments based on the lowest

negative clinical outcome probability.

The method of claim 1, wherein the subject is a patient having, or having the potential
to develop, rheumatoid arthritis and steps (a) through (c) are performed before, during,

or after treatment of the patient with a therapy for rheumatoid arthritis.

The method of claim 2, wherein steps (a) through (c) are performed during treatment of
the patient with a therapy for the rheumatoid arthritis and about 1-30 weeks after

commencement of treatment.

The method of claim 2, wherein said covariate is selected from at least one of age,
numbers of tender joints, numbers of swollen joints, erythrocyte sedimentation rate
(ESR), rheumatoid factor (RF) positivity, or serum C-reactive protein (CRP) level, and

joint damage.

The method of claim 2, wherein the treatment is selected from at least one of an
antirheumatic, a TNF antagonist, a muscle relaxant, a narcotic, a non-steroid anti-

inflammatory drug (NSAID), an analgesic, and an anesthetic.

The method of claim 6, wherein said antirheumatic is at least one selected from
methotrexate, auranofin, aurothioglucose, azathioprine, gold sodium thiomalate,

hydroxychloroquine sulfate, leflunomide, or sulfasalzine.

The method of claim 6, wherein said TNF antagonist is selected from a small molecule

or a biologic that inhibits at least one TNF biological activity.

The method of claim 7, wherein said TNF antagonist biologic is an TNF-antibody or

29
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TNF receptor fusion protein.

The method of claim 8, where said TNF antagonist biologic is selected from infliximab,

adalimumab, enteracept or golimumab.

A method for prognostic or diagnostic assessment or treatment of at least one an

rheumatoid arthritis related disorder in a subject, comprising:

(a) preparing a set of two or more characteristics known to correlate with negative
outcomes in RA with the probability of a negative clinical outcome under each of the

alternative treatments;

(b) performing a statistical comparison of said alternative treatments with the

corresponding clinical outcome negative probability; and

(c) selecting one or more of said alternative assessments or treatments based on the

lowest negative clinical outcome probability.

The method of claim 1, wherein the subject is a patient having, or having the potential
to develop, rheumatoid arthritis and steps a) through c) are performed before, during, or

after treatment of the patient with a therapy for rheumatoid arthritis.

The method of claim 2, wherein steps a) through ¢) are performed during treatment of
the patient with a therapy for the rheumatoid arthritis and about 1-30 weeks after

commencement of treatment.

The method of claim 2, wherein said characteristic is selected from at least one of
numbers of tender joints, numbers of swollen joints, erythrocyte sedimentation rate
(ESR), rheumatoid factor (RF) positivity, radiographic erosions of the hands or feet, or

serum C-reactive protein (CRP) level, radiologic progression and joint damage.

The method of claim 2, wherein the treatment is selected from at least one of an
antirheumatic, a TNF antagonist, a muscle relaxant, a narcotic, a non-steroid anti-

inflammatory drug (NSAID), an analgesic, and an anesthetic.

The method of claim 6, wherein said antirheumatic is selected from methotrexate,
auranofin, aurothioglucose, azathioprine, gold sodium thiomalate, hydroxychloroquine

sulfate, leflunomide, sulfasalzine.

The method of claim 6, wherein said TNF antagonist is selected from a small molecule
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or a biologic that inhibits at least one TNF biological activity.

17. The method of claim 7, wherein said TNF antagonist biologic is an TNF-antibody or

TNF receptor fusion protein.

18. The method of claim 8, where said TNF antagonist biologic is selected from infliximab,

adalimumab, enteracept or golimumab.

19. Any invention described herein.
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