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ABSTRACT

The invention relates to methods and products for the identification of a clinically significant
immune response in subjects treated with a therapeutic protein. A first aspect of the invention
relates to methods and compositions for identifying a clinically significant immune response in
patients treated with therapeutic amounts of a VLA4 binding antibody (e.g., natalizumab). A
second aspect of the invention concerns the chronological details of sample collection for
determining the titre of antibodies against the therapeutic protein, e.g. the collection of at least two
samples at two different time points. A third aspect of the invention relates to the selection of the
critical threshold level, which corresponds to the antibody titre of untreated patients increased by

the double of the standard deviation of this control antibody titre.
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METHODS AND PRODUCTS FOR EVALUATING AN IMMUNE
RESPONSE TO A THERAPEUTIC AGENT

Related Applications

[0001] This application claims priority under 35 U.S.C. §119(e) from U.S.
provisional application serial number 60/668,404, filed April 4, 2005, the entire content of

which 1s incorporated by reference herein.
Field of the Invention

[0002] The invention relates to evaluating patients for an immune response to a
therapeutic agent, and particularly to a therapeutic protein, for example a VLA-4 binding

antibody (e.g. natalizumab).

Background of the Invention

[0003] Biologic therapeutics are currently available for treating diseases and disorders
such as transplant rejection, leukemia, breast cancer, arthritis, multiple sclerosis, and Crohn’s
disease; and numerous additional protein;based therapies are in development. Available
biologics therapeutics include AMEVIVE® (alefacept), ZEVALIN® (ibritumomab
tiuxetan), ORTHOCLONE® (mtiromonab-CD3), ENBREL® (etanercept), REOPRO®
(abciximab), RITUXAN® (rituximab), SIMULECT® (basiliximab), REMICADE®
(infliximab), SYNAGIS® (palivizumab), HERCEPTIN® (trastuzumab), ZENAPAX®
(daclizumab), CAMPATH® (alemtuzumab), MYLOTARG® (gemtuzumab ozogamicin),
HUMIRA® (adalimumab), AVONEX® (Interfgron beta-1a), and TYSABRI®

(natalizumab). Natalizumab is a humanized monoclonal antibody against a4p1 integrin
(VLA-4). Natalizumab binds to the a4 subunit of 0431 and a47 integrins. Natalizumab is

useful to treat certain inflammatory diseases and conditions including multiple sclerosis,
Crohn’s disease, and rheumatoid arthritis.

[0004] Because immune responses to biologic therapeutic agents may have clinical
consequences, immunogenicity assay development and validation is of great importance in

the field of biologic therapeutic agents.

Summary of the Invention

[0005] The invention provides methods and compositions for identifying, monitoring,

and/or evaluating an immune response to a therapeutic agent, e.g., a therapeutic protein, e.g.,
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a therapeutic antibody. The fact that a patient develops any antibodies to a therapeutic agent
(such as a therapeutic protein or therapeutic antibody) may or may not correlate with a
clinical response to the therapeutic agent. Aspects of the invention are based, in part, on the -
discovery of an unexpected level of antibody response that can be used as a threshold for
detecting a clinically significant response to the therapeutic agent. In some embodiments, the
threshold level is higher than would have been predicted using a statistical énalysis of
patients that have not received the therapeutic agent. The clinically significant threshold is
generally higher than the lowest detectable level of immune response in a patient. For
example, the clinically significant threshold level is generally at least 2 standard deviations
above a negative control level, e.g., above a mean pre-treatment level of an ﬁntreated patient
population. In some embodiments, the higher threshold levels used in methods of the
invention result in fewer false positives than would be identified if the threshold level were
based on a 5% cutoff (e.g., 1.645 standard deviations above the mean) for immune responses
observed in patients that had not received the therapeutic agent. According fo aspects of the
invention, the presence of a detectable immune response in a patient sample is not clinically
significant unless the immune response reaches at least a predetermined threshold level. The
invention provides, inter alia, methods of identifying a clinically significant threshold level of
antibody response to a therapeutic agent (e.g., a therapeutic protein, e.g., a therapeutic
antibody), and methods of identifying patients who have a clinically significant antibody
response to a therapeutic agent. The invention, in part, also provides a threshold level with
which to identify clinically meaningful antibodies in a subject. According to aspects of the
invention, an immune response to a therapeutic agent (e.g., natalizumab) may not be
clinically significant (e.g., may not show a significant association with reduced clinical
efficacy) unless the magnitude of the immune response reaches a threshold level that can be
predetermined (e.g., based on immune responses obtained for different patient groups).
Surprisingly, the methods described herein do not rely on comparing samples obtained from
each patient before and after treatment, nor do they rely on identifying the mere presence of a
detectable immune response to the therapeutic agent. In contrast, methods of the invention,
relate to detecting at least a threshold level of an immune response to a therapeutic agent,
where the threshold level may be higher than the lowest detectable level of immune response,
and wherein the positive results from the assay are clinically meaningful, in part, because the

assay avoids false positives that have no associated clinical significance.
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[0006] Currently, there is no generally applicable technique or standard for detecting
a clinically significant antibody response to a therapeutic protein. Different therapeutic
proteins may induce different types of antibodies, and the presence of such antibodies may or
may not affect the safety, pharmacokinetics, and/or efficacy of a therapeutic protein.

Current methods of monitoring a patient’s response to a therapeutic antibody typically
involve comparing levels of serum antibodies before and after treatment for each patient
identifying the presence of any detectable immune response, and evaluating the patient to
determine whether the detectable immune response is correlated with any satety,
pharmacokinetic, and/or efficacy issues. In contrast, methods of the present invention are
useful to identify those patients with clinically significant immune responses by providing
screening assays for detecting clinically significant threshold levels of response.

[0007] According to the invention, a clinically significant immune response to a
therapeutic agent is an antibody response that may affect one or more clinical parameters in a
patient, and/or the pharmacokinetics and/or efficacy of the therapeutic agent. Generally, a
clinically significant antibody response indicates a diminution of efficacy or lack of efficacy
of the therapeutic agent, or an adverse reaction to the therapeutic agent. For example, for
multiple sclerosis, a clinically significant antibody response to a therapeutic protein includes
one or more of: (a) lack of efficacy or at least 10%, 20%, 30%, 40%, 50%, 60% or more
diminution in efficacy of the therapeutic agent to reduce the number, severity or rate of
relapse in the patient; (b) lack of efficacy or at least 10%, 20%, 30%, 40%, 50%, 60% or
more diminution in efficacy of the therapeutic agent to slow progression of disability in the
Expanded Disability Status Scale (EDSS) scale or Multiple Sclerosis Functional Composite
(MSFC) scale; (¢) lack of efficacy or at least 10%, 20%, 30%, 40%, 50%, 60% or more
diminution in efficacy in reducing the number or volume of new or newly enlarging T2
hyperintense lesions or attenuating the increase in T2 hyperintense lesion volume on brain
MR, (d) lack of efficacy or at least 10%, 20%, 30%, 40%, 50%, 60% or more diminution in
efficacy in reducing the number or volume of gadolinium-enhancing lesions on brain MRI;
(e) lack of efficacy or at least 10%, 20%, 30%, 40%, 50% 60% or more diminution in
efficacy in improving visual function; (f) presence of a serious adverse event (e.g.,
hypersensitivity reaction, €.g., anaphylaxis). With the exception of (f), such responses are
evaluated within a specified period of time after administration of the agent, e.g., within 3

months, 6 months, 9 months, or at least one year.
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[0008] In one aspect, the invention provides methods of identifying a clinically
significant threshold level of antibody response to a therapeutic agent (e.g., a therapeutic
protein, e.g., a therapeutic antibody). The method includes (a) evaluating the level of anti-
agent antibodies in a control population of patients who have a disorder (e.g., determining the
mean or median level of anti-agent antibodies in a population of at least 2, 3, 5, 10, 20, 30,
50, 100 or more patients who have a disorder and who have not been treated with a subject
therapeutic agent for at least 3 months, 6 months or longer); and (b) selecting a threshold
level of at least 2 (e.g., 2.5, 3, 4, 5, or 6) standard deviations above the level of anti-agent
antibodies in the control population. The presence of at least the threshold level of anti-agent
antibodies in a patient who has been administered the therapeutic agent (the treated patient) .
correlates with a clinically significant response in the treated patient. Preferably, the same
detection reagent (e.g., labeled anti-agent antibody) is used to evaluate the treated patient as
1s used to identify the level of anti-agent antibodies in the control population. In one
embodiment, the therapeutic agent is a therapeutic antibody, e.g., a humanized 21.6 anti-
VLA-4 antibody, e.g., natalizumab. In one embodiment, the disorder is multiple sclerosis. In
some embodiments, the disorder is an inflammation of the central nervous system (e.g.,
meningitis, neuromyelitis optica, neurosarcoidosis, CNS vasculitis, encephalitis, or transverse
myelitis, in addition to or instead of multiple sclerosis,), a tissue or organ graft rejection or a
graft-versus-host disease, an acute CNS injury (e.g., stroke or spinal cord injury); chronic
renal disease; allergy (e.g., allergic asthma); type 1 diabetes; an inflammatory bowel
disorders (e.g., Crohn’s disease, or ulcerative colitis); myasthenia gravis; fibromyalgia; an
arthritic disorder (e.g., theumatoid arthritis or psoriatic arthritis); an inflammatory/immune
skin disorder (e.g., psoriasis, vitiligo, dermatitis, or lichen planus); systemic lupus
erythematosus; Sjogren’s Syndrome; a hematological cancer (e.g., multiple myeloma,
leukemia, or lymphoma); a solid cancer such as a sarcoma or a carcinoma (e.g., of the lung,
breast, prostate, or brain); or a fibrotic disorder (e.g., pulmonary fibrosis, myelofibrosis, liver
cirrhosis, mesangial proliferative glomerulonephritis, crescentic glomerulonephritis, diabetic
nephropathy, or renal interstitial fibrosis). In some embodiments, the disorder is a disease
that involves modulation of an 04p1 and/or a4B7 subunit.

[0009] In another aspect, the invention provides methods of identifying a patient who
has a clinically significant antibody response to a therapeutic protein, e.g., a therapeutic |

antibody. The method includes identifying, in a biological sample obtained from a subject
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who has a disorder and who has been administered the therapeutic protein, the presence of a .
threshold level of one or more antibodies that specifically bind to the therapeutic protein,
wherein the threshold level is 'at least 2 (e.g., 2.5, 3, 4, 5, or 6) standard deviations above the
level of antibodies that specifically bind to the therapeutic protein in a control population
(e.g., a population of patients who have the disorder but have not been administered the
therapeutic protein within the last 3 months, 6 months or more). In one embodiment, the
therapeutic protein is a therapeutic antibody, e.g., a humanized 21.6 (also referred to as
AN100226) anti-VLA-4 antibody, e.g., natalizumab. In one embodiment, the disorder is
multiple sclerosis. In some embodiments, the disorder is rheumatoid arthritis. In certain
embodiments, the disorder 1s Crohn’s disease. In one embodiment, the method further
includes modifying the treatment regimen of a patient who is thus identified as having a
clinically significant antibody response to a therapeutic protein.

[0010] In one aspect, the invention provides methods and compositibns for
identifying in a biological sample obtained from a subject the presence of a clinically
significant level of one or more antibodies that specifically bind to a therapeutic VLA-4
binding antibody that was administered to the subject. Aspects of the invention include the
use of ELISA assays for the detection of levels of induced antibodies that are indicative of a ‘
clinically significant immune response in a subject to the administration of a therapeutic
VLA-4 binding antibody. In one embodiment, the invention provides methods and kits for
identifying clinically significant levels of anti-natalizumab antibodies that are indicative of an
immune response to natalizumab in a subject that has received at least one dose of

natalizumab

[0011] In one aspect, the invention provides methods for evaluating and/or modifying
a therapeutic regimen based on a subject’s immune response to a VLA-4 binding antibody.

[0012] According to one aspect of the invention, methods of detectihg a clinically
significant immune response to a VLA-4 binding antibody in a subject are provided. The
methods include determining whether a biological sample from a subject that has been
administered a VLA-4 binding antibody contains a clinically significant threshold level of a
soluble antibody that binds to the VLA-4 binding antibody, wherein the preéence of at least
the threshold level of the soluble antibody is indicative of a clinically significant immune
response to the VLA-4 binding antibody. In some embodiments, a clinically significant

immune response to the VL A-4 binding antibody is indicated by the presence of at least the -
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threshold level of soluble antibody to the VL A-4 binding antibody in at least two biological
samples taken from the subject at different time points. In certain embodiments, the time
points are separated by at least one month. In some embodiments, at least the threshold level
of soluble antibody that binds to the VLA-4 binding antibody is present in two biological
samples taken from the subject at two consecutive time points. In some embodiments, a level
of soluble antibody that binds to the VLA-4 binding antibody is determined by: determining a
level of soluble binding activity to the VI.A-4 binding antibody in a first aliQuot of the
biological sample; and determining whether the soluble binding activity is specific for the
VLA-4 binding antibody. In certain embodiments, the specificity of the soluble binding
activity‘is determined in a second aliquot of the biological sample. In some embodiments, a
level of soluble antibody that binds to the VLA-4 binding antibody in the biological sample is
determined by comparing levels of binding activity to a labeled VLA-4 binding antibody
measured in the presence of two or more different amounts of unlabeled VLLA-4 binding
antibody (e.g., levels measured in the presence of no unlabeled VLA-4 binding antibody may
be compared to levels measured in the presence of a competing amount of ﬁnlabeled VLA-4
binding antibody). In certain embodiments, a level of soluble antibody that binds to the
VLA-4 binding antibody in the bioclogical sample is determined by comparing levels of
binding activity to an immobilized VLA-4 binding antibody measured in the presence of two
or more different amounts of soluble VLA-4 binding antibody (¢.g., levels rheasured in the
presence of no soluble VLA-4 binding antibody may be compared to levels measured in the
presence of a competing amount of soluble VL A-4 binding antibody). In some embodiments,
a first level of binding activity to a labeled VLA-4 binding antibody measured in the presence
of a first amount of unlabeled VL. A-4 is compared to a second level of binding activity to a
labeled VLA-4 binding antibody measured in the presence of a second amount of uniabeled -
VLA-4 binding antibody. In some embodiments, the first and second levels of binding
activity are determined in first and second aliquots of the biological sample. In certain
embodiments, the amount of soluble antibody to the VLA-4 binding antibody 1s determined
using a bridging ELISA assay. In some embodiments, a first level of binding activity to the
VLA-4 binding antibody 1s determined in a first immunoassay for a first aliquot of the
biological sample, and a second level of binding activity to the VL.A-4 binding antibody is
determined in a second immunoassay for a second aliquot of the biological sample, wherein

the second immunoassay is spiked with a greater amount of unlabeled soluble VLA-4 binding
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antibody than the first immunoassay, and wherein the presence in the biological sample of at
least a threshold level of soluble antibody to the VLA-4 binding antibody is indicated if the
first level of binding activity is greater than a reference level and the second level of binding
activity is less than a predetermined percentage of the first level of binding activity. In
certain embodiments, the reference level is a level of binding activity measured for a
reference amount of soluble antibody to the VLLA-4 binding antibody. In some embodiments,
the reference amount is about 500 ng/ml (e.g., 1 a serum sample) of a soluble antibody to the
VLA-4 binding antibody. For example, the reference amount may be between about 400
ng/ml and about 600 ng/ml (e.g., about 400 ng/ml, about 425 ng/ml, about 450 ng/ml, about |
475 ng/mi, about 500 ng/ml, about 525 ng/ml, about 550 ng/ml, about 575 ng/ml, or about
600 ng/ml). It should be appreciated that the reference level of binding activity that
corresponds to the reference amount may be measured in a diluted sample (for example, a
sample that corresponds to a 10 fold dilution and contains from about 40 ng/ml to about 60
ng/ml, e.g., about 50 ng/ml, of a soluble antibody that to the VLLA-4 binding antibody). A
reference level of binding activity in an assay may be provided by any predetermined amount
of soluble antibody to the VLA-4 binding antibody corresponding to an appropriate dilution
of the reference amount. In certain embodiments, the VILA-4 binding antibody 1s a
humanized murine monoclonal antibody to VLA-4. In some embodiments, the VLA-4
binding antibody is a humanized form of murine antibody mAb 21.6, (e.g., AN100226). In
some embodiments, the VLA-4 binding antibody is natalizumab. In some embodiments, the
soluble antibody to the VLA-4 binding antibody is a reference antibody that binds to
natalizumab with high affinity. In some embodiments, the reference antibody blocks the
interaction between natalizumab and VLA-4. In certain embodiments, the first and second
immunoassays are bridging ELISA assays. In some embodiments, the first and second assays
comprise an immobilized unlabeled VL A-4 binding antibody and a soluble labeled VLA-4
binding antibody, wherein the soluble labeled VLA-4 binding antibody 1s labeled with an
enzyme, a fluorescent marker, a biotin marker (e.g., the VLA-4 binding antibody may be
biotinylated), or a radioactive marker. In some embodiments, the first and second
immunoassays are conducted in parallel reaction volumes on a single reaction substrate. In -
some embodiments, the biological sample is a serum sample. In certain embodiments, the
subject is a human patient. In some embodiments, the patient has multiple sclerosis. In some

embodiments, the patient has rheumatoid arthritis. In certain embodiments, the patient has
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Crohn’s disease. In some embodiments, the time points of at least two or more biological
samples obtained the subject are separated by at least 15 days, 30 days, 45 days, 60 days, 90
days, or more. In certain embodiments, the method also includes selecting a therapeutic
regimen for the subject if a clinically significant threshold level of a soluble antibody that
binds to the VLA-4 binding antibody is detected in at least two biological samples obtained
from the subject. In some embodiments, selecting a therapeutic regimen includes evaluating
a current therapy of the subject, determining a new therapy for the subject, modifying a
current therapy of the subject, or stopping a current therapy of the subject. In some
embodiments, a current therapy includes administering the VL A-4 binding antibody to the
subject.

[0013] According to another aspect of the invention, methods of selecting a
therapeutic regimen for a subject are provided. The methods include assaying a subject who
has been administered a VLA-4 binding antibody for the presence of a positive immune
response to the VLA-4 binding antibody at first and second time points, selecting a
therapeutic regimen for the subject based on the assay results at the first and second time
points, wherein the presence of a positive immune response at a point in time is indicated by.
the presence of at least a clinically significant threshold amount of binding activity in a
biological sample obtained from the subject at the point in time. In some embodiments, the
first and second time points are separated by a clinically significant time period. In certain
embodiments, the clinically significant time period is at least 30 days. In some embodiments,
VLA-4 binding antibody therapy is continued if a negative immune response is detected at |
the second time point. In some embodiments, a therapy other than VL.A-4 binding antibody
therapy is selected if a positive immune response is detected at both the first and second time
points. In some embodiments, the subject has multiple sclerosis. In certain embodiments, the
subject has Crohn’s disease. In some embodiments, the subject has rheumatoid arthritis.

[0014] According to yet another aspect of the invention, methods of selecting a
therapeutic regimen for a subject are provided. The methods include detecting the presence
of a clinically significant immune response to a VLA-4 binding antibody in at least two
biological samples obtained from a subject, wherein the subject has been administered a
VLA-4 binding antibody and the at least two biological samples are obtained from the subject
at times separated by at least a clinically significant time interval, and selecting a therapeutic

regimen based on the detection of a clinically significant immune response to the VLA-4
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antibody in the subject at the times when the at least two biological samples are obtained
from the subject. In some embodiments, the clinically significant interval Séparating the
times at which the samples are obtained from the subject is at least 15 days, 30 days, 45 days,
60 days, 90 days, or longer. In certain embodiments, selecting a therapeutic regimen includes
evaluating a current therapy of the subject, determining a new therapy for the subject,
modifying a current therapy of the subject, or stopping a current therapy of fhe subject. In
some embodiments, a current therapy includes administering the VL A-4 antibody to the
subject. In some embodiments, detecting the presence of a clinically significant immune
response to a VLA-4 binding antibody comprises, determining whether a biological sample
obtained from a subject that has been administered a VLLA-4 binding antibody contains a
threshold level of a soluble antibody that binds to the VLA-4 binding antibody, wherein the
presence of at least the threshold level of the soluble antibody is indicative of a clinically |
significant immune response to the VLA-4 binding antibody. In certain embodiments, at
least the threshold level of soluble antibody that binds to the VLA-4 binding antibody is
present in two biological samples taken from the subject at two consecutive time points. In
some embodiments, a level of soluble antibody that binds to the VLA-4 binding antibody is
determined by: determining a level of soluble binding activity to the VLA-4 binding antibody
in a first aliquot of the biological sample and determining whether the soluble binding
activity is specific for the VLA-4 binding antibody. In some embodiments, the specificity of
the soluble binding activity is determined in a second aliquot of the same biological sample.
In certain embodiments, a level of soluble antibody that binds to the VLA-4 binding antibody
in the biological sample is determined by comparing levels of binding activity to a labeled
VLA-4 binding antibody measured in the presence of two or more different amounts of
unlabeled VLA-4 binding antibody (e.g., levels measured in the presence of no unlabeled
VLA-4 binding antibody may be compared to levels measured in the presence of a competing
amount of unlabeled VI.A-4 binding antibody). In some embodiments, a level of soluble
antibody that binds to the VLA-4 binding antibody in the biological sample is determined by
comparing levels of binding activity to an immobilized VL A-4 binding antibody measured in
the presence of two or more different amounts of soluble VL A-4 binding antibody (e.g.,
levels measured in the presence of no soluble VLA-4 binding antibody may be compared to
levels measured in the presence of a competing amount of soluble VL A-4 binding antibody).

In some embodiments, a first level of binding activity to a labeled VL. A-4 binding antibody
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measured in the presence of a first amount of unlabeled VLLA-4 is compared to a second level
of binding activity to a labeled VLA-4 binding antibody measured in the presence of a second
amount of unlabeled VLA-4 binding antibody. In certain embodiments, the first and second
levels of binding activity are determined in first and second aliquots of the same biological
sample. In some embodiments, the amount of soluble antibody to the VL A-4 binding
antibody is determined using a bridging ELISA assay. In some embodiments, a first level of
binding activity to the VLA-4 binding antibody is determined in a first immunoassay for a
first aliquot of the biological sample, and a second level of binding activity to the VLA-4
binding antibody is determined in a second immunoassay for a second aliquot of the
biological sample, wherein the second immunoassay is spiked with a greater amount of
unlabeled soluble VLA-4 binding antibody than the first immunoassay, and wherein the
presence in the biological sample of at least a threshold level of soluble antibody to the VLA-
4 binding antibody is indicated if the first level of binding activity is greater than a reference
level and the second level of binding activity is less than a predetermined percentage of the
first level of binding activity. In some embodiments, the reference level 1s a level of binding
activity measured for a reference amount of soluble antibody to the VLA-4 binding antibody.
In certain embodiments, the reference amount is about 500 ng. In some embodiments, the
VLA-4 binding antibody is a humanized murine monoclonal antibody to VLA-4. In some
embodiments, the VLA-4 binding antibody is a humanized form of murine antibody mAb
21.6. In some embodiments, the VLA-4 binding antibody is natalizumab. In certain
embodiments, the first and second immunoassays are bridging ELISA assays. In some

embodiments, the first and second assays comprise an immobilized unlabeled VLA-4 binding

antibody and a soluble labeled VLA-4 binding antibody, wherein the soluble labeled VLA-4
binding antibody is labeled with an enzyme, a fluorescent marker, a biotin marker (e.g., the
VLA-4 binding antibody may be biotinylated), or a radioactive marker. In some
embodiments, the first and second immunoassays are conducted in parallel reaction volumes
on a single reaction substrate (e.g., in separate wells of a multi-well plate). In certain
embodiments, the biological sample is a serum sample. In some embodiments, the subject is
a human patient. In some embodiments, the patient has multiple sclerosis. In some
embodiments, the patient has rheumatoid arthritis. In certain embodiments, the patient has

Crohn’s disease.
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[0015] According to another aspect of the invention, methods of identifying a
clinically significant threshold level of antibody response to a protein therapeutic agent for a
patient who has a disorder are provided. The methods includes (a) evaluating the level of
anti-agent antibodies in a control population of patients who have the disorder and who have
not been treated with the agent and (b) selecting a level at least 2 standard deviations above
the level of anti-agent antibodies in the control population as a clinically signiftcant threshold
level of antibody response for patients who have the disorder and are treated with the agent.
In some embodiments, the protein therapeutic agent is a therapeutic antibody or antigen-
binding fragment thereof.

[0016] According to yet another aspect of the invention, methods of identifying a
patient who has a clinically significant antibody response to a therapeutic pfotein are
provided. The methods include assaying, in a biological sample obtained from a patient who
has a disorder and who has béen administered the therapeutic protein, for the presence of a
threshold level of antibodies that specifically bind to the therapeutic protein, wherein the
threshold level is at least 2 standard deviations above the level of antibodies that specifically
bind to the therapeutic protein in a control untreated population of patients who have the
disorder. In some embodiments, the therapeutic protein is a therapeutic antibody or antigen-
binding fragment thereof. Accordingly aspects of the invention provide methods of detecting
a clinically significant immune responses to a VLA-4 binding antibody in a-subj ect, by
determining whether a biological sample from a subject that has been administered a VLA-4
binding antibody contains a threshold level of a soluble antibody that binds to the VL.A-4
binding antibody, wherein the presence of at least the threshold level of the soluble antibody
is indicative of a clinically significant immune response to the VLA-4 bindihg antibody.

[0017] Each of the limitations of the invention can encompass various embodiments
of the invention. It is, therefore anticipated that each of the limitations of the invention

involving any one element or combinations of elements can be included in each aspect of the

invention.

Brief Description of the Drawings

[0018] Figure 1 illustrates the interference of free natalizumab in an immunoassay.
[0019] Figure 2 illustrates the interference of free natalizumab in a blocking assay.
[0020] Figure 3 shows a probability of a clinically significant immune response as a

function of time after an initial administration of natalizumab.
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[0021] Figure 4 illustrates an overall effect of positive immune respbnses on relapse
rates. P=Placebo, n=315. AN = Antibody Negative, n=569. TP = Transient Positive, n =19.
PP = Persistent Positive, n=37.

[0022] Figure 5 illustrates the effect of positive immune responses on relapse rates
over particular time intervals after an initial administration of natalizamab (A: 0-3 months, B:
3-6 months, C: 6-9 months, and D: 9-12 months). P=Placebo, n=315. AN = Antibody

Negative, n=569. TP = Transient Positive, n =19. PP = Persistent Positive, n=37.

Detailed Description of the Invention

[0023] The present invention relates, in part, to methods, compositions, and Kits for
detecting and monitoring an immune response to a therapeutic protein (e.g., a therapeutic
antibody) that is administered to a subject. In one aspect, the invention provides methods for
identifying patients with a clinically significant immune response to a therapeutic antibody.
According to the invention, the presence of a detectable immune response is not clinically
significant unless the immune response reaches a clinically significant threshold level. For
example, in clinical studies of natalizumab, a clinically significant threshold level of immune
response was surprisingly more than 1.645 standard deviations (e.g., at more than about 2
standard deviations) above a control level of immune response observed for subjects that
have not received the therapeutic agent.

[0024] Certain aspects of the invention relate to methods for detecting a clinically
significant immune response against a therapeutic VLA-4 binding antibody that is
administered to a subject. Aspects of the invention are particularly useful for detecting and
monitoring immune responses in a subject who has received at least one dose (e.g., one
therapeutic dose) of a VLA-4 binding antibody. Aspects of the invention include identitying
and/or monitoring a subject with a clinically significant immune response to a therapeutic
VLA-4 binding antibody, evaluating the immune response, and/or determining an appropriate
clinical treatment (e.g., a particular therapeutic regimen) based on the nature and/or extent of
the immune response. Information about a subject’s response to the administration of a
VLA-4 binding antibody may be used to adjust, design, and/or optimize a therapeutic
regimen for the subject. Accordingly, one aspect of the invention relates to identifying a
subject who has a clinically significant immune response to a therapeutic VLA-4 binding
antibody. Another aspect of the invention relates to monitoring a subject’s immune response

to a therapeutic VLA-4 binding antibody. A further aspect of the invention relates to
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determining appropriate therapeutic strategies to treat certain diseases (e.g., multiple
sclerosis, Crohn’s disease, or rheumatoid arthritis, etc.) based on a subject’s immune response
to a therapeutic VLA-4 binding antibody.

[0025] VLA-4 binding antibodies may be used to treat a number of diseases and
disorders associated with inflammation. Such disorders include, e.g., inflammation of the
central nervous system (e.g., in addition to multiple sclerosis, meningitis, neuromyelitis
optica, neurosarcoidosis, CNS vasculitis, encephalitis, and transverse myelitis), tissue or
organ graft rejection or graft-versus-host disease, acute CNS injury, e.g., stroke or spinal cord
injury; chronic renal disease; allergy, e.g., allergic asthma; type 1 diabetes; inflammatory
bowel disorders, e.g., Crohn’s disease, ulcerative colitis; myasthenia gravis; fibromyalgia;
arthritic disorders, e.g., rheumatoid arthritis, psoriatic arthritis; inflammatory/immune skin
disorders, €.g., psoriasis, vitiligo, dermatitis, lichen planus; systemic lupus erythematosus;
Sjogren’s Syndrome; hematological cancers, e.g., multiple myeloma, leukemia, lymphoma;
solid cancers, e.g., sarcomas or carcinomas, e.g., of the lung, breast, prostate, brain; and
fibrotic disorders, e.g., pulmonary fibrosis, myelofibrosis, liver cirrhosis, mesangial
proliferative glomerulonephritis, crescentic glomerulonephritis, diabetic nephropathy, and
renal interstitial fibrosis. In some embodiments, the disorder is a disease effected by
modulation of an a4p1 or/an o437 subunit.

[0026] In one embodiment, a VLA-4 binding antibody is a humanized version of
murine mAb 21.6, e.g., natalizumab. Accordingly, aspects of the invention relate to
evaluating a subject’s response to natalizumab and determining appropriate treatments for
multiple sclerosis and other inflammatory conditions or diseases that can be treated with
natalizumab.

[0027] The invention relates in part to identifying an immune response to a VL.A-4
binding antibody (e.g., a humanized version of murine mAb 21.6, such as natalizumab, or
AN100226) in a subject, and determining whether the response is clinically significant.

[0028] As used herein, “identifying” a subject with an immune response means
detecting or diagnosing the presence of an immune response in a subject. Accordingly,
identifying a subject with a clinically significant immune response means detecting or
diagnosing the presence of a clinically significant immune response in a subject.

[0029] As used herein, a “clinically significant threshold” for an antibody response to

a therapeutic protein is at least 2 standard deviations above a control reference level. In one
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embodiment, the threshold level for a clinically significant immune response to a therapeutic
protein may be between 3 and 6 (e.g., about 4 or 5) standard deviations above a control level,
The control level may be a mean or median level of binding activity that is present in a
patient population (e.g., a population of subjects with a disease or condition such as multiple
sclerosis, Crohn’s disease, or rheumatoid arthritis) before exposure to the therapeutic protein.
In one embodiment, a clinically significant threshold for anti-natalizumab antibodies is 500
ng/ml of patient sera (e.g., a S0 ng/ml threshold in an assay of 10-fold diluted serum).

[0030] As used herein, an immune response is an immunogenic response to a
therapeutic protein characterized by increased levels in the subject of one or more antibodies
that bind the protein. Thus, an immune response may be characterized by the induction of
increased levels of soluble antibodies that recognize (e.g., specifically recognize) and bind to
the protein, e.g., a VLA-4 binding antibody (e.g. natalizumab). A typical immune response is
polyclonal and may include antibodies with different affinities (and therefore different
degrees of specificity) for the therapeutic protein. Accordingly, methods of the invention
may involve detecting the presence in a subject of one or more induced antibodies that bind
to a therapeutic protein (e.g., a VLA-4 binding antibody) that was administered to the subject.
In some embodiments, the induced antibodies may be detected as soluble antibodies that are
present in a biological sample (e.g., a serum sample).

[0031] Aspects of the invention relate to assays for detecting a clinically significant
threshold level of binding activity in a biological sample obtained from a patient. The
threshold level represents a level below which any detectable binding activity is considered
not to be clinically significant. As used herein, binding activity refers to the detected amount
of binding to a therapeutic protein in a biological sample. As described herein, the presence
of binding activity in a biological sample may reflect a polyclonal response to the
administration of a therapeutic protein. Accordingly, the amount of binding may reflect an
aggregate of binding by different antibodies with different affinities for the protein. In
certain embodiments, the binding activity 1s further analyzed to determine with greater
confidence whether the level of binding is due to the presence of specific antibodies against
the therapeutic protein or due to other factors such as rheumatoid factors. The specificity of a
binding activity may be evaluated in competition assays as described herein.

[0032] In one aspect of the invention, a subject is identified as a positive (i.e., as

having a clinically significant immune response to a therapeutic protein) only if one or more
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samples obtained from the subject test positive in an assay of the invention. A positive test
result is determined when a sample obtained from a subject contains at least a clinically
significant threshold level of binding activity for the therapeutic protein, e.g., VLA-4 binding
antibody. Surprisingly, the presence of any detectable immune response to a therapeutic
antibody is not clinically significant. According to the invention, methods based on
screening patients to detect any level of immune response to a therapeutic antibody identify
many false positive patients, resulting in unnecessary additional clinical monitoring and
potential anxiety for patients who do not have a clinically significant immune response. For
example, an excessive number of false positives are detected when patients are identified as |
positive based on an immune response to a therapeutic antibody that is greater than 1.645
standard deviations above a mean level of binding activity present in subjects that have not
received the therapeutic antibody. According to the invention, the theoretical 5% false
positive rate using a 1.645 standard deviation cut-off is an underestimate of the number of
false positives, because the 5% represents the rate of false-detection of any immune responsé
and not the rate of false-positives for a clinically significant immune response. Surprisingly,
by raising the cut-off level (the level below which a response 1s considered to be negative) to
higher than 1.645 standard deviations above a control reference level, the number of false
positives is reduced without affecting the identification of subjects with clinically significant
immune responses. It should be appreciated that the threshold should be set at a level that
results in acceptable detection rates of patients with a clinically significant immune response.
Therefore, even though the clinically significant threshold should be set at more than 1.645
standard deviations above a pre-immune reference level, the threshold should not be set so
high as to reduce the detection efficiency of actual positives.

[0033] In one aspect of the invention, a subject’s immune response may be classified
as negative if samples obtained from the subject do not test positive in an assay of the
invention, e.g., they do not reach the clinically significant threshold level of antibody
response. In contrast, if a subject is identified as positive based on a positive level (a level at
or above a clinically significant threshold level) of binding activity in a single assay, the -
patient may be either a “transient” or a “persistent” positive. A transient positive is a patient-
who has a positive immune response to the therapeutic antibody for a specified period of time
after which the patient becomes negative. In contrast, a persistent positive is a patient who is

positive for clinically significant levels of immune response for greater than a specified
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period of time. It should be appreciated that transient and persistent are relative terms.
Accordingly, a patient may be classified initially as persistent if the patient tests positive for
an immune response at two or more time points (e.g., at 3,4, 5, 6,7, 8, 9, 10 or more time
points) separated by clinically significant time intervals. However, the patient subsequently
may be reclassified as transient if the patient tests negative for an immune response in a
subsequent assay. Clinically significant time intervals may be at least one week, one month,
one year, or longer. For example, the threshold time interval may be between 30 and 180
days, about 60 days, about 42 'days, etc. The presence of a transient immune response may be
indicative of a transient reduction in therapeutic efficacy. The presence of a persistent
immune response may be indicative of a persistently reduced therapeutic efficacy.
Accordingly, the presence of a transient or persistent immune response may be clinically
relevant and may affect the nature of a therapeutic regimen in a subject that is identified as
transiently positive or persistently positive. A persistent immune response may necessitate a
modification of the subject’s therapeutic regimen. .

[0034] As used herein, the term “therapeutic regimen” means a course of treatment
for a subject. A therapeutic regimen may include administration of pharmaceutical agent(s)
and/or application of a therapy. The selection of a regimen may include selection of dose
amount, dose timing, dose frequency, duration of treatment, combination thérapies with one
or more pharmaceutical agents or therapies, and any other aspects of treatment decision
making that are used by those of skill in the medical and therapeutic arts. A therapeutic
regimen also may include the use of therapies such as procedures or devices that are
administered to or used on a subject for the prevention or treatment of a disease or disorder.
Examples of therapeutic procedures, although not intended to be limiting, include the use of
medical devices or surgery. Accordingly, determining or altering a VLLA-4 binding antibody
therapeutic regimen may involve determining or altering the dose amount of therapeutic
VLA-4 binding antibody that is administered to a subject, the frequency of édrninistration,
the route of administration, the duration of the treatment (e.g., the number of doses that are
administered), whether or not to combine a VLA-4 binding antibody treatment with one or
more additional treatments, whether to discontinue a VL A-4 binding antibody treatment,
whether to use a different VLA-4 binding antibody, and/or whether to use a .combination of

VLA-4 binding antibodies, etc. In one embodiment, the invention may involve determining
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whether to use a therapeutic alternative to a VL A-4 binding antibody, e.g., whether to use
beta interferon.

[0035] Aspects of the invention relate to detecting and/or monitoring an immune
response to a VLA-4 binding antibody in a human (e.g., a human patient). Accordingly, as
used herein, a subject may be a human subject. A subject niay be a human patient that has an
inflammatory disease or condition. A subject may be a patient that has received at least one
dose of a VLA-4 binding antibody (e.g., natalizumab). A subject may be a patient that 1s
being (or was) treated chronically with a VLA-4 binding antibody (e.g., natalizumab). A
subject may be a patient that is being (or was) treated repeatedly with a VLA-4 binding
antibody (e.g., natalizumab). As used herein, a chronic treatment may involve administering
a VLA-4 binding antibody over an extended period of time (e.g., to control or manage
symptoms of an inflammatory disease or condition during the time period). In contrast, a
repeated treatment may involve repeating a course of treatment (e.g., a period of
administration) with a VLA-4 binding antibody when necessary (e.g., to treat symptoms of an
inflammatory disease when they worsen or “flare up”). In one embodiment, a patient is
considered to be undergoing a repeated treatment when the subject is re-treated with a
therapeutic VLA-4 binding antibody for the first time. It will be understood by those of
ordinary skill in the art that a subject may also undergo or have undergone treatments with
therapies or procedures in combination with or separate from treatment with a VLA-4
binding antibody. It should be appreciated that aspects of the invention are not limited to
human subjects. Accordingly, a subject may be a non-human primate, cow, horse, pig, sheep,

goat, dog, cat, rodent, or other non-human subject.

Identifying and monitoring an immune response

[0036] In one aspect, the invention involves identifying and/or monitoring an immune
response to a VLA-4 binding antibody in a subject. In certain embodiments, the
identification and/or monitoring is performed by assaying a biological sample obtained from
the subject, preferably blood, for the presence of induced antibodies that bind to the
administered VLA-4 binding antibody as described herein.

[0037] In one aspect of the invention, a qualitative assay 1s performed on a biological
sample obtained from a subject, and the presence of an immune response is identified if the
biological sample contains antibodies against the VLA-4 binding antibody in an amount

greater than a threshold amount. In one embodiment, a threshold amount is an amount above
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which an immune response is identified as being clinically relevant, e.g., the threshold level
is determined as described herein. A clinically relevant immune response may have clinical .
implications, e.g., it indicates that the subject should be evaluated to determine whether the
dosage of the administered VLLA-4 binding antibody should be modified, to determine
whether other physiological parameters of the patient should be monitored, to determine
whether a further assay for an immune response should be performed, or to-determine
whether any alternative or additional steps should be taken to treat or monitor the subject, etc.
A clinically relevant immune response may be evaluated along with one or more other
factors. It should be appreciated that the identification of a clinically relevant immune
response does not, by itself, require that a change be made to the subject’s therapy or
treatment regimen.

[0038] In another aspect of the invention, a quantitative assay may be performed on a
biological sample to quantify the amount of antibodies (e.g., the antibody titer) against a
VLA-4 binding antibody that was administered to a subject. Quantitative results also may be
analyzed to determine whether an immune response is above a clinically significant threshold
level.

[0039] According to the invention, an immune response against a VLA-4 binding
antibody (e.g., natalizumab) may be assessed in a subject over time by performing assays on.
samples obtained at different time points from the subject. The multiple-assessment strategy
permits monitoring of a subject’s immune response to the VLA-4 binding antibody and may
allow the therapeutic VLA-4 binding antibody regimen to be individually tailored to the
subject’s therapeutic needs. For example, a sample may be obtained from a subject, tested
for an immune response to the VL A-4 binding antibody that has been administered to the
subject, and at a second, subsequent time, another sample may be obtained from the subject
and similarly tested. Detection and confirmation of the presence of an antibody response in a
subject’s samples over time by sequential determinations at predetermined time intervals
permits monitoring of an immune response to a therapeutic VLA-4 binding antibody
treatment. The detection and monitoring of an immune response to an administered VLA-4
binding antibody also allows adjustment in the overall treatment of the subject, for example
by adjusting (e.g., modifying or suspending) the VLA-4 binding antibody treatment and/or by
adjusting additional therapies (e.g., therapies that modulate the immune fesponse of the

subject).
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[0040] The selection or adjustment of a therapeutic regimen may be based on a
determination of a clinically significant immune response to a VLA-4 binding antibody in at
least two biological samples obtained at different times from a subject who has been
administered a VLA-4 binding antibody. The determination of a subject’s clinically
significant immune response to the VLA-4 binding antibody may indicate that initiating,
continuing, adjusting, or stopping administration of a specific pharmaceutical agent and/or
therapy to the subject would be beneficial. For example, the determination of a clinically
significant immune response to a VLA-4 binding antibody in at least two biological samples-
obtained from a subject may be the basis for altering the dose of a pharmaceutical agent that
is administered to the subject as part of a current therapeutic regimen. The treatment may be
changed to include additional pharmaceutical agents or therapies or to lower or raise the dose
of a currently administered agent or therapy. For example, the identification of an immune
response to a VLA-4 binding antibody in a subject may suggest initiating or continuing a
treatment with an immunosuppressive pharmaceutical agent, etc. In some embodiments, an
initial therapeutic regimen may be selected based on the determination of an initial immune
response to a VLA-4 binding antibody in a single biological sample obtained from a subject
who has been treated with a VLA-4 binding antibody. Following the selection and
administration of a selected therapeutic regimen, a subsequent determination of an immune
response to a VLA-4 binding antibody in one or more subsequent biological samples
obtained from the subject may be made and may provide a basis for adjusting the therapeutic
regimen.

[0041] The determination of a clinically significant immune response to a VLA-4
binding antibody in two or more biological samples obtained from a subject at different time
points can be compared to evaluate or measure the onset, progression, or regression of an
immune response in the subject to the VLA-4 binding antibody therapy. Onset of an immune
response to a VLA-4 binding antibody in a subject may be characterized by increased level(s)
of at least one antibody that binds to a VL A-4 binding antibody, and may be accompanied by
the onset of one or more physiological changes or symptoms in the subject. Progression of
an immune response to a therapeutic VLA-4 binding antibody may be characterized by a
further increase in the level of the at least one antibody that binds to the therapeutic VLA-4
binding antibody. However, the progression of an immune response may involve an increase

in the level(s) of at least one additional antibody, and/or a decrease in the level of at least one
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of thé antibodies that increased with the onset of the immune response. For example, an
initial immune response may be predominantly an IgM response. As the immune response
progresses, the predominant antibodies may switch from IgM to IgG antibodies. Progression
of an immune response also may be accompanied by a progression {(e.g., an increase,
decrease, or modification) of one or more of the initial physiological changes or symptoms or
the onset of one or more additional physiological changes or symptoms. Regression of an
immune response in a subject to a therapeutic VLA-4 binding antibody rnay' be characterized
by a decrease in the level(s) of one or more antibodies that bind to the therapeutic VLA-4
binding antibody. The regresSion of an immune response also may be accompanied by a
decrease of certain physiological changes or symptoms. However, it should be appreciated
that onset, progression, and/or regression of an tmmune response to a therapeutic VLA-4
binding antibody may be clinically asymptomatic, other than the detectable changes in
antibody levels.

[0042] Progression and regression of a clinically si gﬁiﬁcant immune response to a
VLA-4 binding antibody may generally be indicated by the increase or decréase, respectively,
of the level of an antibody that binds a VL.A-4 binding antibody in a subject’s samples over
time. For example, if no antibody, or a subclinically significant level of an antibody, that
specifically binds a VLLA-4 binding antibody is determined to be present in a first sample
from a subject and a clinically significant threshold of antibodies that speciﬁcally bind a
VLA-4 binding antibody is determined to be present in a second or subsequent sample from |
the subject, it may indicate the onset of an immune response to the VLA-4 binding antibody
in the subject. Progression of an immune response to a VLA-4 binding antibody in a subject
may be indicated by the presence of a higher level of an antibody that speciﬁcally binds a
VLA-4 binding antibody in a second or subsequent sample from a subject compared to the
level present in the initial or previous sample from the subject. Regression of an immune
response to a VLA-4 binding antibody may be indicated by the presence of a lower level of
an antibody that specifically binds a VI.A-4 binding antibody in a second of subsequent
sample from a subject compared to the level present in the initial or previous sample from the
subject.

[0043] In one aspect of the invention, an immune response may be categorized as
either positive or negative based on whether a level of antibodies against a therapeutic VLA-4

binding antibody is above a predetermined clinically significant threshold. In some
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embodiments, a clinically significant threshold is more than 1.645 (e.g. more than 2, 3, 4, 5,
or 6) standard deviations above a mean level of binding activity measured in pre-immune
subjects (i.e., subjects who have not received any dose of therapeutic VLA-4 antibody). In
some embodiments, the subjects are healthy subjects and in certain embodiments, the subjects
are diseased patients (e.g., patients with multiple sclerosis, Crohn’s disease, or rheumatoid
arthritis). In one embodiment, the threshold level is > 0.5 micrograms/ml serum. In some
embodiments, the threshold level is equal to about 0.5 micrograms/ml serum.

[0044] In one embodiment, subjects who have been administered a VLA-4 binding
an:cibody may be categorized as falling into one of at least three categories. One category,
referred to herein as “negative”, includes subjects in which binding activities are at or below
clinically significant threshold levels (e.g., a subject in which antibodies to a VLA-4 binding
antibody are not detected at a concentration of at least about 500ng/ml in a biological sample
(e.g., serum) obtained from the subject). A second category, referred to herein as “transient
positive” includes subjects in which binding activities are detected above a threshold level
only a limited number of times, e.g., at one, two, three, four , five points in time (e.g., |
antibodies to a VLA-4 binding antibody are not detected at a subsequent time point separated
by at least 30 days from the last time point). A third category, referred to herein as
“persistent positive” includes subjects in which binding activities are detected above a
threshold level a predetermined number of times, e.g., at two, three, four, five, six, seven or
more time points separated by a minimum threshold time interval (e.g., a subject in which
antibodies to a VLA-4 binding antibody are detected at a concentration of at least about
>00ng/ml 1n two three, four, five, six, seven or more biological samples obtained from the
subject at time points separated by at least a threshold interval). In some embodiments, the
threshold interval is at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, or more days. Patients
who are “persistent positive” may have a loss of efficacy from VLA-4 antibody therapy,
while “transient positive” patients have full efficacy restored after only a temporary
diminution in efficacy.

[0045] It should be appreciated that a negative subject may become a transient
positive. And either one may become a persistent positive if a positive immune response
'develops and persists for a specified number of time points, e.g., at least two time points.

[0046] In one embodiment, a therapy may be changed based on a determination of a

single positive result. In another embodiment, a therapy may be changed based upon a
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determination that a subject is a transient positive subject. In yet another embodiment, a
therapy may be changed based upon a determination that a subject is a persistent positive
subject.

[0047] As discussed above, it should be appreciated that the terms transient and
persistent are relative terms, and that a patient that seems to be persistently positive may
become negative at a later time. Accordingly, patients with positive responses should be
monitored regularly to evaluate the persistence of the positive response, the effectiveness of .
the therapy, and/or the presence of other clinical manifestations of a positive immune
response.

[0048] According to the invention, the risk of a reduction in therapeutic efficacy (e.g.,
the risk of a relapse) increases with the length of time that a positive immune response
persists. Accordingly, in one aspect of the invention, the number of times that a patient tests
positive is less important than the length of time over which the patient remains positive. In
one embodiment, a patient may be identified as being at risk of a reduction in therapeutic
efficacy (e.g., at risk of a relapse) if a positive result is detected within 3 months of the first
administration of a therapeutic VLA-4 binding antibody. In one embodiment, this risk
increases if the positive immune response persists for 3-6 months, and further increases if the
positive immune response persists for 6-9 months, and yet further increases with persistence
for 9-12 months after the first administration of the therapeutic VLA-4 binding antibody. It
should be appreciated that persistence for more than one year even further increases the
probability of a relapse. Accordingly, different therapeutic regimens may be appropriate for
a patient with a persistently positive immune response. However, it should be appreciated
that even in the presence of a persistently positive immune response, a therapeutic antibody
therapy need not be discontinued unless it becomes ineffective (e.g., a loss of substantially all
efficacy) or causes other negative clinical manifestations.

[0049] In some embodiments, treatment with a therapeutic VLA-4 binding antibody
may be discontinued 1if the treatment is ineffective or is losing is effectiveness in a patient that
has a below-threshold level of immune response. A lack of efficacy (or a reduction in '
efficacy) in the absence of a clinically significant immune response may indicate that the
ineffectiveness of the treatment is due to one or more factors other than a patient immune
response to the therapeutic agent. A patient will not be a transient positive if no positive

response is detected. Accordingly, alternative treatment may be considered.
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[0050] It should be appreciated that binding activities or antibody levels may be
compared to pre-immune activities or levels (i.e., measured before the administration of the
first dose of VLA-4 binding antibody). However, a comparison to a pre-immune amount is -
not necessary as discussed herein, because a positive immune response may be identified
when a clinically significant threshold (or above threshold) amount of binding activity or

antibody levels are present in a patient sample.

Assays and Detection Methods

[0051] According to aspects of the invention, a threshold amount of an antibody
response 1s assayed for, As discussed herein, a qualitative assay may be performed.
Alternatively, a quantitative assay may be performed and in one embodiment, the quantitative
data may be translated into a qualitative output (e.g., whether the amount of antibody is
greater than a threshold amount). .

[0052] Any suitable method for detecting an amount of antibody or binding activity '
may be used to determine whether it is at least a threshold amount or activity. Detection
assays may include any known immunodetection methods for detecting, confirming, binding,
purifying, removing, quantifying and/or otherwise generally detecting antibodies that
specifically bind to a specified therapeutic protein, e.g., to a VLA-4 binding antibody, or
fragments thereof. For example, immunodetection techniques may include, but are not
limited to, enzyme linked immunosorbent assays (ELISA) (including, but not limited to, a
standard sandwich ELISA or a bridging ELISA), radioimmunoassays (RIA),
immunoradiometric assays, fluoroimmunoassays, chemiluminescent assays, bioluminescent
assays, radioimmunoprecipitation assays (RIPA), and Western blots. In addition,
immunodetection techniques may include Optical Sensor-based methods, such as surface
plasmon resonance (SPR), or guided mode resonance filter (BIND). Although certain
cxamples provided herein relate to assays utilizing an immobilized VLA-4 binding antibody
attached to a surface (e.g. an ELISA), one of ordinary skill in the art will recognize that the
invention in some aspects may include assays without surface attachment of a VL A-4 binding
antibody (e.g. flow cytometric assays, etc.). Other immunodetection techniques may include
immunoradiometric assays (IRMA), time-resolved fluorometry (TRF), or
electrochemiluminescence (ECL). A number of useful immunodetection methods have been
described in the scientific literature, such as, e.g., Doolittle M H and Ben-Zeev 0, 1999;
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Gulbis B and Galand P, 1993; De Jager R et al., 1993; and Nakamura et al., 1987, each
incorporated herein by reference.

[0053] In one aspect, an assay is performed to detect a presence of a binding activity
for a VLA-4 binding antibody in a biological sample. In one embodiment, the specificity of
the binding activity may be evaluated by determining whether the observed binding activity
is specific for the VLA-4 binding antibody or whether it is due to an interfering factor that
may be present in the biological sample such as a rheumatoid factor or other binding factor. |

[0054] Aspects of the invention may include an assay that involves contacting a
biological sample with an immobilization moiety to immobilize any binding activity that is
present in the biological sample. Immobilized binding activity may be detected using a
detection moiety. Immobilization and detection moieties may be, respectively, immobilized
unlabeled and non-immobilized labeled VLA-4 binding antibodies as described herein. In
one embodiment, an immobilization moiety may be bound to a solid substrate or surface
(e.g., in a well of a multi-well plate, on the surface of an ELISA plate, etc.). In another
embodiment, an immobilization moiety may be attached to a bead (¢.g., a magnetic bead) via
a covalent or other linkage (e.g., the immobilization moiety may be conjugated to a biotin
molecule and attached to a bead coated with streptavidin via a biotin-streptavidin interaction).
In some embodiments, the bead may be attached to a surface or a matrix. For example, a
magnetic bead may be immobilized on a magnetic surface. Similarly, a charged bead may be
immobilized on a charged surface (e.g., an electrode).

[0055] A positive result may be determined if the detected amount of binding activity
(e.g., the amount of binding activity that is captured by the immobilization moiety) 1s above a
predetermined threshold. The specificity of the detected binding activity may be evaluated
by including a competition moiety in the assay. The competition moiety may be a non-
immobilized unlabeled VLA-4 binding antibody that may be included to compete with the
immobilization and/or detection steps of the assay. If the presence of the competition moiety
reduces the binding activity by at least a predetermined percentage or cut-off, the binding
activity is determined to be specific and the positive result is confirmed. If the presence of
the competition moiety fails to reduce the binding activity by at least a predetermined
percentage or cut-off, the binding activity is determined to be non-specific and the initial

positive result is now determined to be a negative result for an immune response.
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[0056] According to aspects of the invention, predetermined amounts of
immobilization, detection and/or competition moieties may be used. Similarly, an initial
threshold level of binding activity may be established using a sample that contains a
predetermined amount of an antibody that is known to bind to a VLA-4 binding antibody.
For example, a threshold level may be established using between 10 ng and 1,000 ng (e.g.,
about 50 ng, or about 500 ng) of a control antibody per ml of assay. The amount of antibody
used to determine the threshold level will determine the sensitivity of the assay. In general,
the sensitivity of the assay may be considered to be similar to the amount of antibody that is -
used to determine the initial threshold. It should be appreciated that the amount of binding in
the control may serve as a reference that is used to determine the threshold (e.g., the threshold
amount may be a multiple or a i:raction of the signal obtained in the control). However, in
one embodiment, the signal obtained in the control assay is used as the threshold amount. It
also should be appreciated that the assay sensitivity may be affected by a number of factors
including the affinity and specificity of the control antibody.

[0057] In one embodiment, the specificity of the binding activity may be evaluated by
spiking the assay with an amount of competition moiety that is similar to the amount of
control antibody that was used to establish the threshold level of binding. For example, an
assay may be spiked with between about 10 ng and 1,000 ng (e.g., about 50 ng, or about 500
ng) of unlabeled soluble VLA-4 binding antibody per ml of assay. However, other amounts
of competition moiety may be used.

[0058] Accordingly, in some embodiments of the invention, a first level of binding
activity, in a biological sample, to the VLA-4 binding antibody is determined in a first
immunoassay for a first aliquot of the biological sample, and a second level of binding
activity to the VLA-4 binding antibody is determined in a second immunoassay for a second
aliquot of the biological sample, wherein the second immunoassay is spiked with a greater
amount of unlabeled soluble VLA-4 binding antibody than the first immunoassay, and the
presence of at least a threshold level of soluble antibody to the VLA-4 binding antibody is
indicated if the first level of binding activity is greater than a reference level and the second
level of binding activity is less than a predetermined percentage of the first level of binding |
activity.

[0059] One of ordinary skill in the art will recognize that different methods can be

used for assessing and/or monitoring an immune response in a subject who has been treated
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with a therapeutic antibody such as a VLA-4 binding antibody. For example, as described
above, the assessment and/or monitoring may be performed by detenﬁining whether the
amount of an antibody that specifically binds to a VLA-4 binding antibody using a single-
level "cut-off". As used herein the cut-off level of binding is the level at or above which
increased detection will be scored as significant and/or positive and a confirmatory
determination that the detection of a level of soluble binding activity in a biological sample
reflects the level of an antibody that specifically binds to a VLA-4 binding antibody in the
sample. In other embodiments, the identification of an immune response to the therapeutic
VLA-4 binding antibody may be performed quantitatively to determine a titer of an antibody
that specifically binds to a VLA-4 binding antibody in a biological sample from a subject. |

[0060] In one aspect of the invention, an immunodetection assay may be an ELISA.
As will be understood by those of ordinary skill in the art, the term “ELISA” encompasses a
number of protocols for immunodetection. For example, ELISA methods include sandwich
ELISAs, bridging ELISAs, etc. In some embodiments of the invention, the ELISA
immunoassay is a manual assay. However, in some embodiments of the invention all or part‘
of the ELISA may be performed robotically.

[0061] In some embodiments of the invention, an ELISA assay includes using a
VLA-4 binding antibody as an immobilized target moiety with which an ELISA plate is
coated. The coated ELISA plate may then be contacted with a biological sample for
determination of the level of a subject antibody that specifically binds a VLA-4 binding
antibody. In some embodiments of the invention, a first aliquot of a biological sample is
assayed using an ELISA assay to determine the presence or absence of a threshold amount of
binding to the immobilized target VL A-4 binding antibody and a second aliquot of the same
biological sample is also assayed using an ELISA to contirm whether or not a threshold (or
above threshold) level of binding to the immobilized target VLA-4 binding antibody is
indicative of a VL. A-4 binding antibody-specific antibody. In one aspect of the invention, the
threshold level of soluble binding activity in an aliquot is about equal to the level of binding
activity present in a control or reference sample comprising at least about 50 ng, 100 ng, 200
ng, 300 ng, 400 ng, 500 ng, 600 ng, 700 ng, 800 ng, 900 ng, or 1,000 ng per ml of a reference
antibody that binds to a VILA-4 binding antibody. In one embodiment, the threshold level is-
determined as about equal to the level of binding activity in a control or reference sample

containing about S00 ng/ml of a reference antibody that binds to a VLA-4 binding antibody.
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The reference antibody may be polyclonal or monoclonal. The reference antibody may be a
murine anti-natalizumab antibody (e.g., 12C4 described in Sheremata et al., 1999, Neurology
52, pages 1072-1074, incorporated herein by reference). As described herein, if the level of
binding to the immobilized target VLA-4 binding antibody that is at least at the threshold
level, and the soluble binding activity is determined to be the binding activity of an antibody
that specifically binds to a VLA-4 binding antibody, then it 1dentifies an immune response to
the VLA-4 binding antibody in the subject. ' |

[0062] In general, ELISA methods useful in methods of the invention may include
obtaining a biological sample from a subject who has been administered a therapeutic
antibody such as a VLA-4 binding antibody (e.g. natalizumab, etc.) and contacting an aliquot
of the sample with an immobilization antibody. In some embodiments, the immobilization
antibody may be the same VLA-4 binding antibody that was administered to the subject. The
immobilization antibody captures molecules or compounds in the sample that bind to the
antibody, and the sample is contacted with a second detection moiety that is capable of
selectively binding to or detecting the molecule or compound that is captured, (e.g., a labeled
second antibody). Examples of moieties capable of selectively binding or detecting the
complex include, but are not limited to antibodies or other ligands that can be labeled using a
variety of markers (e.g., biotin/avidin ligand binding arrangement, as is known in the art).
One skilled in the art may also use a labeled third antibody. In preferred embodiments, the
second moiety is a labeled form of the immobilization antibody.

[0063] In some embodiments of the invention, an ELISA assay includes using the
therapeutic VL A-4 binding antibody as an immobilized target moiety with which an ELISA
plate is coated. The coated ELISA plate may then be contacted with a biological sample for
determination of the level of a subject antibody that specifically binds the therapeutic VLA-4
binding antibody. In some embodiments of the invention, a first aliquot of a biological
sample is assayed using an ELISA assay to determine the presence or absence of a threshold
amount of binding activity for the immobilized target VLA-4 binding antibo'dy, and a second
aliquot of the same biological sample is assayed using an ELISA to confirm whether or not a
threshold (or above threshold) level of binding to the immobilized target VLA-4 binding
antibody is indicative of a VLA-4 binding antibody-specific antibody. In one aspect of the
invention, the threshold level of soluble binding activity tn an aliquot 1s about equal to the

level of binding activity present in a control or reference sample comprising at least about 50
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ng, 100 ng, 200 ng, 300 ng, 400 ng, 500 ng, 600 ng, 700 ng, 800 ng, 900 ng, or 1,000 ng per
ml of a reference antibody that binds to a VLA-4 binding antibody. In one embodiment, the
threshold level is determined as about equal to the level of binding activity in a control or
reference sample containing about 500 ng/ml a reference antibody that binds to a VLA-4
binding antibody. The reference antibody may be polyclonal or monoclonal. The reference
antibody may be a muriné anti-natalizumab antibody (e.g., 12C4 described in Sheremata et
al., 1999, Neurology 52, page 1072).

[0064] A reference antibody that binds to a VLA-4 binding antibody may be a
reference antibody that binds to natalizumab (for example, an antibody that binds to
natalizumab with high affinity, e.g., with nanomolar affinity). In some embodiments, a
reference antibody that binds to natalizumab may block natalizumab binding to VLA-4 (c.g.,
it may inhibit binding of natalizumab to VLA-4 by at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, or more). The reference antibody may be a murine monoclonal
antibody. The reference antibody may be an anti-idiotypic antibody specific for natalizumab.
In some embodiments, the reference antibody is the 12C4 antibody (available from Maine |
Biotechnology Services, Inc., Portland ME; see, e.g., Sheremata et al., 1999, Neurology 52,
page 1072). 12C4 is a blocking antibody that blocks natalizumab binding to VLA-4. In
some embodiments, the reference antibody competes with 12C4 for binding to natalizumab.
Antibody binding competition may be demonstrated using standard methods of assessing an
antibody’s ability to competitively inhibit the 12C4 antibody’s ability to block binding of
natalizumab to VLA-4. In some embodiments, the presence of an antibody that specifically
binds to a VLA-4 binding antibody is determined using a bridging ELISA. In a bridging
ELISA, antibodies that specifically bind to aVL.A-4 binding antibody (e.g., from a biological
sample) act as a bridge between VLA-4 binding antibody coated on an ELISA plate and
detectably labeled VLA-4 binding antibody in solution (e.g., non-immobilized). Thus, an
ELISA signal after standard processing indicates that the detectable label has been linked to
the solid phase and that a soluble binding activity is present in the biological sampile.

[0065] Contacting an aliquot of the biological sample with the immobilized antibody
under effective conditions and for a period of time sufficient to allow the formation of
immune complexes (primary immune complexes) 1s generally a matter of adding the aliquot-
of the biological sample to the immobilized antibody (e.g., a VLA-4 binding antibody

immobilized on an ELISA plate) and incubating the mixture for a period of time long enough
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for the immobilized antibody to form an immune complex with (i.e., to bind to) a molecule or
compound with soluble binding activity that is present in the aliquot of the biological sample.
The molecule or compound with soluble binding activity may be an induced antibody that
specifically binds to the VL.A-4 binding antibody or may be a non-induced endogenous
antibody or receptor that binds to the VLA-4 binding antibody (e.g., a rheumatoid factor [RF]
or an anti-Fab antibody). After this time, the sample-antibody mixture (e.g., the ELISA plate,
dot blot, or western blot) will generally be washed to remove unbound antibody species
and/or materials from the assay mixture.

[0066] If a threshold level of binding activity is detected, an additional step may
involve confirming whether or not the binding activity is indicative of an induced antibody
that specifically binds to the therapeutic VLA-4 binding antibody. For this confirmation step,
a second aliquot of the biological sample may be prepared and assayed as described for the
first aliquot, except that a predetermined amount of non-immobilized unlabeled competition
VLA-4 binding antibody also 1s added to the assay (e.g., the ELISA assay). For example, .
the predetermined amount of competition antibody may be an unlabeled amount that reduces
a specific signal by about 50% or more in a control assay. If the presence of the unlabeled
VLA-4 binding antibody reduces the signal by more than an expected percentage amount,
then the threshold (or above threshold) binding activity is judged as a positive indicator for
the presence of an antibody that specifically binds to the therapeutic VLA-4 binding
antibody. In contrast, if the presence of the unlabeled VLLA-4 binding antibody reduces the
signal by less than an expected percentage amount then the threshold (or above threshold)
binding activity is judged as negative for an antibody that speciﬁcally binds to a VLA-4
binding antibody. It should be appreciated that a non-specific signal may be due serum
factors other than an antibody that binds to the VL.A-4 binding antibody. As used herein the
terms “spike” or “spiked” refers to the addition of an unlabeled (or differently labeled)
soluble competition VLA-4 binding antibody to a sample or assay.

[0067] As used herein, the “percentage reduction” 1s the percentage of the level of
binding determined in the first aliquot. Thus, for example, if there 1s an indication of about
500 ng/ml equivalent of a molecule or compound with binding activity in the first aliquot and
the inclusion of the unlabeled VLA-4 binding antibody in the second aliquot reduces the
amount of signal by more than 40-90% (e.g., by about 50% or more , by about 55% or more,

by about 60% or more, by about 65% or more, by about 70% or more, by about 75% or more,
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by about 80% or more, by about 85% or more, by about 90% or more), then the binding
activity in the biological sample is considered indicative of the presence of an induced
antibody that specifically binds to the therapeutic VL A-4 binding antibody. But if the
inclusion of the unlabeled VLA-4 binding antibody in the second aliquot reduces the amount
of signal by less than 20-40% , then the binding activity in the biological sample is not
considered to be indicative of the presence of an induced antibody that specifically binds to
the therapeutic VLA-4 binding antibody. In some embodiments, the competition antibody
may be soluble unlabeled natalizumab. In some embodiments, the soluble unlabeled
natalizumab may be used at a final concentration of about 100 ug/ml. However, any
concentration of free unlabeled natalizumab may be used if it results in a predetermined
decrease (e.g., about 40%, about 50%, or more) in the signal obtained for a control sample
containing a control amount of reference antibody. For example, a control sample may
contain about 500 ng/ml, about 3 pg/ml or any other suitable amount of reference antibody
(e.g., 12C4). As indicated herein, the presence in a biological sample from a patient of an
antibody that specifically binds to a VLA-4 binding antibody indicates that the subject has a
clinically significant immune response to the VLA-4 binding antibody.

[0068] In an exemplary “sandwich” ELISA, a therapeutic VLA-4 binding antibody
(e.g., natalizumab) may be used as the target antibody and may be immobilized onto a
selected surface exhibiting protein affinity, such as a well in a polystyrene microtiter plate.
Then, a sample from a subject who has had at least one administration of a therapeutic VLA-
4 binding antibody, e.g., natalizumab, is added to the wells. After binding and/or washing to

remove non-bound materials, binding molecules or compounds that are bound to the target

antibody may be detected. Detection may be achieved by the addition of a second antibody
that is linked to a detectable label. In addition, the identity of the binding molecule or
compound as an antibody that specifically binds to a VLA-4 binding antibody may be
confirmed as described above herein.

[0069] As will be understood by those of ordinary skill in the art, notwithstanding
individual features (e.g. the confirmatory steps described herein), in general, ELISAs have
certain features in common, such as coating, incubating and binding, washing to remove non-
specifically bound species, and detecting the bound immune complexes.

[0070] In coating a plate with either antigen or antibody, the wells of the plate will

generally be incubated with a solution of the target antibody, either overnight or for a
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specified period of hours. A coating buffer may be a sodium phosphate/BSA coating buffer -
or another suitable art-known coating buffer. The wells of the plate will then be washed to
remove incompletely adsorbed material. Any remaining available surfaces of the wells are
then "coated" with a nonspecific protein that is antigenically neutral with regard to the test
sample. This protein may be bovine serum albumin (BSA), casein or solutions of milk
powder, etc. The coating allows for blocking of nonspecific adsorption sites on the
immobilizing surface and thus reduces the background caused by nonspecific binding of
antisera onto the surface. |

[0071] In an ELISA, a secondary or tertiary detection means may be used or a direct
detection means may be used. When using a secondary or tertiary detection methods, after
binding of a protein or antibody to the well, coating with a non-reactive material to reduce
background, (e.g. with blocking buffer such as Tris-sucrose blocking buffer or other art-
recognized blocking buffer), and washing to remove unbound material, the immobilizing
surtace 1s contacted with the biological sample to be tested under conditions effective to
allow immune complex (antigen/antibody) formation. Detection of the immune complex
then requires a labeled secondary binding ligand or antibody, and a secondafy binding ligand
or antibody in conjunction with a labele<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>