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(57) Abstract: The present invention provides assays for detecting and measuring the presence or level of neutralizing and non-neut -
ralizing autoantibodies to biologics such as anti-TNFa drug therapeutics in a sample. The present invention is useful for monitoring
the formation of neutralizing and/or non-neutralizing anti-drug antibodies over time while a subject is on biologic therapy. The
present invention is also useful for predicting and/or determining the cross-reactivity of neutralizing anti-drug antibodies in a sub -
ject's sample with alternative biologic therapies. As such, the present invention provides information for guiding treatment decisions
for those subjects receiving therapy with a biologic agent and improves the accuracy of optimizing therapy, reducing toxicity, and/or
monitoring the etficacy of therapeutic treatment to biologic therapy.
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ASSAYS FOR DETECTING NEUTRALIZING AUTOANTIBODIES
TO BIOLOGIC THERAPY WITH TNF ALPHA

CROSS-REFERENCES TO RELATED APPLICATIONS
{8681} Ths application claims priority to U.S. Provisional Application No. 61/505,031,
filed July 6, 2011, U.S. Provisional Application No. 61/328,072, filed August 26, 2011, and
U.S. Provisional Application No. 61/535, 884, filed September 16, 2011, the disclosures of

which are hereby incorporated by reference in their entirety for all purposes.

BACKGROUND OF THE INVENTION
{0002]  Autoimumune disorders are a significant and widespread medical problem. For
exaraple, theumatoid arthritis (RA) is an autoinunune disease affecting more than two million
people in the United States. RA causes chronic inflammation of the joints and typicaily is a
progressive ilness that has the potential to cause joint destruction and functional disability,
The cause of rhoumatoid arthritis is unknown, although geoctic predisposition, infectious
agents and environmental factors have all been implicated in the etiology of the disease. 1n
active RA, symptoms can include fatigue, lack of appetite, low grade fever, muscle and joint
aches and stiffness. Also during disease flare ups, joints frequently become red, swollen,
painful and tender, due to mnflammation of the synovium, Furthermore, since RA is a
systemic discase, inflanunation can affect organs and areas of the body other than the joints,

inclading glands of the eyves and mouth, the hing lining, the pericardinm, and blood vessels.

{8063  Traditional treatments for the management of RA and other autoimmune disorders
include fast acting “first line drugs” and slower acting “sccond fine drugs.” The first fine
drugs reduce pain and inflammation. Example of such first line drugs include aspirin,
naproxen, ibuprofen, etodolac and other non-steroidal anti-inflammatory drugs (NSAIDs), as
well as corticosteroids, given orally or injected directly into tissues and joints. The second
line drugs promote disease remission and prevent progressive joint destruction and are also
referred €0 as disease-modifving anti-theumatic drugs or DMARDs. Examples of second line
drags include gold, hydrochlovoquine, azulfidine and immunosuppressive agents, such as
methotrexate, azathioprine, cyclophosphamide, chlorambucil and cyclosporine. Many of
these drugs, however, can have defrimental side-effects. Thus, additional therapies for

rheumatoid arthritis and other sutotmmune disorders have been sought.
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{8084] Tumor necrosis factor alpha (TNF-0) is a cytokine produced by numerous cell
types, including monocyies and macrophages, that was originally identified based on its
ability to induce the necrosis of certain mouse tumors. Subseguently, a factor termed
cachectin, associated with cachexia, was shown 1o be identical to TNF-g. TNF-¢ has been
implicated in the pathophysiclogy of a variety of other human discases and disorders,
including shock, sepsis, infections, autoimmuone discases, RA, Crohn’s disease, transplant

rejection and graft-versus-host disease.

{6065} Because of the harmful role of hurnan TNF-o (hTNF-q) in a variety of human
disorders, therapeutic strategies have been designed to inhibit or counteract hTNF-u activity.
In particular, antibodies that bind to, and neutralize, hTNF-a have been sought as a means o
inhibit KTNF-q activity. Sorne of the ecarliest of such antibodies were mouse monoclonal
antibodies (mAbs), secreted by hybridomas prepared from fymphocytes of mice immunized

with BTNF-a (see, e.g., U.5. Pat. No. 5,231,024 to Moeller 7 ¢/.). While these mouse anti-

BTNF-g antibodies often displayed bigh affintty for h'TNF-o and were able to neutralize
BTNF-g activity, their use /n vive has been limited by problems associated with the
administration of mouse antibodies to humans, such as a short serum half-life, an inability to
trigger certain human effector functions, and elicitation of an anwanted immune response
against the roouse antibody 1o a hursan (the “human anti-mouse antibody” (HAMA)

reaction .

[B886] More recently, biological therapies have been applied to the treatment of
autoimmune disorders such as rheumatoid arthritis. For example, four TNFo inhibitors,
REMICADE™ (jufliximab), a chimeric anti-TNFa mAb, ENBREL™ (ctanercept), a TNFR-
Ig Fe fusion protein, HUMIRA™ (adalimumab), 2 human anti-TNFa mAb, and CIMZIA®
(certolizumab pegol), a PEGylated Fab fragment, have been approved by the FDA for
treatment of rheumatoid arthritis. CIMZIA® is also used for the treatment of moderate to
severe Crohn’s disease (CD). While such biologic therapies have demonstrated saccess in
the treatment of rheumatoid arthritis and other autoimnune disorders such as CD, not all
subjects treated respond, or respond well, (o such therapy. Morgover, adminisiration of
TNFa inhibitors can induce an immune response o the drug and lead to the production of
autoantibodies such as human anti-chimeric antibodies (HACA), human anti-humanized
antibodies (HAHA), and human anti-mouse antibodies (HAMA). Such HACA, HAHA, or
HAMA mmmune responses can be assoctated with hypersensitive reactions and dramatic
changes in pharmacokinetics and biodistribution of the mmmunotherapeutic TNFa inhibitor

that prechude further treatment with the drug. Thus, there is a need in the art for assays to

~5
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detect the presence of autoantibodies to biologic agents such as anti-TNFo drigs in 8 patient
sample to monitor biclogic therapy and to guide treatment decisions. The present invention

satisfies this need and provides related advantages as well,

BRIEF SUMMARY OF THE INVENTION
5 [B887] The present invention provides assays for detecting and measuring the presence or

level of neutralizing and non-neutralizing autoantibodies to biclogics such as anti-TNFa drug
therapeutics in a sample, The present jnvention s useful for montioring the formation of
neutralizing and/or non-neutralizing anti-drug antibodies over tirne while a subject (s on
biologic therapy {e.g., anti-TNFa drug therapy). The present invention is also vseful for

10 predicting and/or determining the cross-reactivity of neutralizing anti-drug antibodies in a
subject’s sample with alterative biologic therapics (e.g., altornative anti-TNFa therapies).
As such, the present invention provides information for guiding treatment decisions for those
subjects receiving therapy with a biologic agent and improves the accuracy of optimizing
therapy, reducing toxicity, and/or monitoring the efficacy of therapeutic treatraent to hiologic

15 therapy.

{8068} In one aspect, the present invention provides a method for detecting the presence of
a neutralizing and/or non-neutralizing form of an autoantibody to a biologic in a sample, the
method coraprising:
{a) contacting the sample with a labeled biologic and a labeled biologic binding
20 moiety to form:

(1) a first labeled complex (Ve., immuno-complex or conjugate) of the
labeled biologic and the autoantibody (.., wherein the components of
the first labeled complex are not covalently attached to each other);
and/or

25 (1)  asccond labeled complex (i.e., mommuno-complex or conjugate) of the
fabeled biologic, the labeled biologic binding moiety, and the
autoantibody (7 e., wherein the components of the second labeled
complex are not covalently attached to cach other);

(b} subjecting the first labeled complex and/or the second labeled complex to size

30 exclusion chromatography to separate them from free (i.e., unbound) labeled

biologic binding moiety, free labeled biologic, and/or a complex of labeled
biologic and labeled biologic binding moiety;

measuring the level of free labeled biologic binding moicty after size

-~
(]
L2

exchision chromatography (e.g., by measuring the area under the curve (AUC)
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of the free labeled biologic binding moiety peak following size exclusion

AN

chromatography (SEC)); and

TN
o
N

comparing the level of the free labeled biologic binding moiety measured in
step (¢) to the level of free labeled biologic binding moiety in a control sample
{(e.g.. by measuring the AUC of the free labeled biclogic binding moiety peak
following SEC of a reference sample containing only free labeled biologie
binding moicty), thereby detecting the presence of a neutralizing and/or non-
neutralizing form of the autoantibody.

{808%] In certain embodiments, a neutralizing form of the autoantibody is detected when
the level of the free labeled biologic binding motety measured o step (¢} is the same or
substantially the same as the level of the free labeled biologic binding moiety in the control
sample. In certain other embodiments, a non-neutralizing form of the autoantibody is
detected when the level of the free labeled biologic binding moiety measured in step (¢) s
decreased {e.g., substantially decreased) or absent (e.g., undetectable) compared to the level

of the free labeled biologic binding moiety in the control sample.

{8818} In another aspect, the present invention provides a method for measuring the level
or percent of a neutralizing form of an antoantibody to a biologic in a sample, the method
corpprising:

{a} contacting the sample with a labeled biologic and a labeled biologic binding

moiety to form:

(1) a first labeled complex (Ve., immuno-complex or conjugate) of the
labeled biologic and the autoantibody (i.e., wherein the components of
the first labeled complex are not covalently attached to each other);
and/or

(1)  asccond labeled complex (i.e., mmomuno-complex or conjugate) of the
fabeled biologic, the labeled biclogic binding moiety, and the
autoantibody (7 e., wherein the components of the second labeled
complex are not covalently attached to cach other);

(b} subjecting the first labeled complex and/or the second labeled complex to size
exclusion chromatography to separate them from free (i.e., unbound) labeled
biologic binding moiety, free labeled biologic, and/or a complex of labeled
biologic and labeled biologic binding moiety;

measuring the level of free labeled biologic binding moicty after size

-~
(]
L2

exchision chromatography (e.g., by measuring the area under the curve (AUC)
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of the free labeled biologic binding moiety peak following size exclusion

AN

chromatography (SEC)); and

TN
o
N

comparing the level of free labeled biologic binding moiety measured in step
{c) to a normalized level or percent of free labeled biclogic binding moiety in
5 a control sample {e.g., by measuring and normalizing the AUC of the free
labeled biologic binding moiety peak following SEC of a reference sample
containing only frec labeled biologic binding moiety to calculate the level or
percent of free labeled biologic binding moiety), wherein the normalized level
or percent of the free labeled biologic binding motety in the control sample

10 corresponds to the fovel or percent of a neutralizing form of the autoantibody.

[8611] In some embodiments, the difference between the normalized level or percent of the
free labeled biologic binding moiety in the control sample and the level of free labeled
biclogic binding moicty measured in step (¢) corresponds to the level or percent of a non-

neutralizing form of the autoantibody.

15 {8812} In yetanother aspect, the present invention provides a method for determining
whether a neutralizing form of an autoantibody to a first biologic is cross-reactive with a
second {(i.e., different) biologic, the method comprising:

{(a) detecting ot measuring the presence, level, or percent of a neutralizing form of
the autoantibody in a sample in accordance with an assay described herein to

20 determine whether the sample is positive or negative for the neutralizing form

of the autoantibody; and

if the sample is positive for the neutralizing form of the autoantibody, then:

(b} contacting the sample with a labeled second biologic to form a labeled
complex of the labeled second biologic and the neutralizing form of the

25 autoantibody (i.e., wherein the components of the labeled complex are not

covalently attached to cach other);
{c} subjecting the labeled complex to size exchusion chromatography (o separate
the labeled complex (e.g., from free labeled second biologie); and

() detecting the labeled complex, therehy determining whether a neutralizing

30 form of an sutoantibody to a first biologic is cross-reactive with a second
hiologic.

{8613} In certain embodiments, the presence of the labeled complex is an indication that

the neutralizing autoantibody agaiost the tust biologic is cross-reactive with the second
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biologic, 7.¢., the neutralizing autoantibody will inhibit the activity of both the first and

second biclogical drugs.

18614] In certain other embodiments, the absence of the labeled complex is an indication
that the neutralizing autoantibody against the first biologic is not cross-reactive with the
second biologic, ie., the neutralizing autoantibody will not inhibit the activity of the second

biological drug.

[8015] In some embodiments, the biologic inchudes antibodies (e.g., anti-TNFa monocional
antibodies), antibody fragments, proteins {e.g., cytokines such as interleukins), polypeptides,
peptides, fusion proteins, multivalent binding proteins, antibody-drug conjugates, vaccines,
nucleic acids, sugars, recombinant forms thercof, enginecred forms thereof, and combinations

thereof.

18016]  In other embodiments, the sample is a whole blood, serum, or plasma sample, e.g.,
from a subject receiving biologic therapy. In preferred embodiments, the sample is serum. In
particalar embodiments, the subject has a disease or disorder such as, e.g., an autoimmune

iscase {e.2., theurpatoid arthritis), an inflammatory disease {e.g., inflammatory bowel

o

discase (IBD) such as Crohn’s disease (CD) or ulcerative colitis (UC)), or cancer.

{8817} In certain embodiments, the sample has or is suspected of having an autoantibody to
the biologic. Tn other embodiments, the biologic aatoantibody inchudes, but is not limited to,

human anti-chimeric antibodies (HACA), human anti-hurnanized antibodics (HAHA), and

human anti-mouse antibodics (HAMA), as well as combinations thereof.

{6018}  In certain aspects, the assay methods of the present invention further comprise an
acid dissociation step comprising contacting a sample with an acid prior to, during, and/or

atier contacting the sample with a labeled biologic and a labeled biologic hinding moicty.

[8019] o certain other aspects, the assay methods of the present invention comprise
detecting the presence or level of one or more isotypes of a neutralizing and/or non-

neutralizing form of an auteantibody to a biologic in a sample.

{8626] In one particular aspect, the present invention provides a method for detecting the
presence of a neutralizing and/or non-neutralizing form of an autoantibody to an anti-TNFg
drug in a sample, the method comprising:

{a) contacting the sample with a labeled anti-TNF¢ drug and a labeled TNFa to

form:

)
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(1) a first labeled complex {7.e., immuno-complex or conjugate} of the
labeled anti-TNFa drug and the autoantibody (i.e., wherein the
components of the first 1abeled complex are not covalently attached to
cach other); and/or

(i1} a second labeled complex (e, immuno-complex or conjugate) of the
labeled anti-TNFa drug, the labeled TNFa, and the autoantibody (i.e.,
wherein the components of the second labeled complex are not
covalently attached to each other);

{(b) subjecting the first labeled corplex and/or the second labeled complex to size
exclusion chromatography to separate them from free {(i.e., unbound) labeled
TNFg, free labeled anti-TNFg drug, and/or a complex of labeled anti-TNFo
drug and labeled TNFu;

measuring the fevel of free labeled TNFa afier size exclusion chromatography

o~
o
N’

{e.g., by measuring the area under the curve (AUC) of the free labeled ThFg
peak following size exchision chromatography (SECh); and

{d comparing the level of the free labeled TNFa measured in step (¢} to the level
of free labeled TNFa in a control sample (e.g., by measuring the AUC of the
free labeled TNFo peak following SEC of a refercnce sample containing only
free labeled TNFq), thereby detecting the presence of a neutralizing and/or

non-nentralizing form of the autoantibody.

{0021}  In certain embodiments, 4 neutralizing form of the autoantibody s detected when
the level of the frec labeled TNFa measured in step (¢) 1s the same or substantially the same
as the level of the free labeled TNFo in the control sample. In certain other embodiments, a
non-neutralizing form of the autoantibody is detected when the level of the free labeled TNFu
measured in step () 18 decreased (e.z., substantially decreased) or absent {e.2., undetectable)

compared to the level of the free labeled TNFq in the control sample.

{88221 In another particular aspect, the present invention provides a method for measuring
the level or percent of a neutralizing form of an autoantibody to an anti-TNFa dragina
sample, the method comprising:
(a) contacting the sample with a labeled anti-TNFa drug and a labeled TNFa to
form:
(1) a first labeled complex (7.e., immuno-complex or conjugate) of the

fabeled anti-TINFo drug and the autoantibody (i.e., wherein the
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(b}

-~
(]
L2

(d)

components of the first labeled complex are not covalently attached to
cach other); and/or
(1)  asccond labeled complex (i.e., mmomuno-complex or conjugate) of the
fabeled anti-TINFo drug, the labeled TNFq, and the autoantibody (i.e,
wherein the components of the second labeled complex are not
covalently attached to each other);
subjecting the first labeled complex and/or the second labeled complex to size
exclusion chromatography to separate them from free (i.e., unbound) labeled
TNFa, free labeled anti-TNFo drag, and/or a complex of labeled anti-TNFa
drug and labeled TWNFu;
measuring the level of free labeled TNFg after size exclusion chromatography
{(e.g.. by measuring the area under the curve (AUC) of the free labeled TNFa
peak following size exclusion chromatography (SEC)); and
comparing the level of frec labeled TNFo measured in step (¢) to a normalized
fevel or percent of free labeled TINFa in 3 control sample {(e.g., by measuring
and normalizing the AUC of the free labeled TNFq peak following SEC ofa
reference sample containing only free labeled TINFw to calculate the fevel or
percent of free labeled TNFg), wherein the normalized level or percent of the
free labeled TNFo in the control sample corresponds to the level or percent of

a neutralizing form of the avtoantibody.

{8623} In some embodiments, the difference between the normalized level or percent of the

free labeled TNFa in the control sample and the level of free labeled TNFa measured in step

.o

{c) corresponds to the level or percent of a non-neutralizing form of the autoantibody.

{8624] In vet ancther particular aspect, the present invention provides a method for

determaining whether a neutralizing form of an autoantibody to a first ant-TNFuo drug 8

cross-reactive with g second (7.e., different) anti-TNFg drug, the method comprising:

{a)

detecting or measuring the presence, level, or percent of a neutralizing form of
the antoantibody in 4 sample in accordance with an assay described herein to
determine whether the saraple is positive or negative for the neutralizing form

of the autoantibody; and

it the sample is positive for the neutrahizing form of the autoantibody, then:

(b)

contacting the sarople with 2 labeled sccond anti-TNFa drug to form a labeled

complex of the labeled second anti-TNFu drug and the neutralizing form of
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the autoantibody (i.e., wherein the components of the labeled complex are not
covalently attached to each other);

{c) subjecting the labeled coraplex to size exclusion chromatography to separate
the labeled complex (e.g., from free labeled second anti-TNFn drug); and

(d) detecting the labeled complex, thereby determining whether a neutralizing
form of an autoantibody to a first anti-TNFa drug is cross-reactive with a

second anti-TNFa drug,

[8025] In certain embodiments, the presence of the labeled complex is an indication that
the neutralizing autcantibody against the first anti-TNFg drug is cross-reactive with the
second anti-TNFa drug, /e, the neutralizing autoantibody will inhibit the activity of both the

first and second anti-TNFa drugs.

18026]  In certain other embodiments, the absence of the labeled complex 1 an indication
that the neutralizing autoantibody against the first anti-TNFq drug is not cross-reactive with
the second anti-TNFq drug, i.e., the neutralizing astoantibody will pot inhibit the activity of

the second anti-TNFa drug.

{8027}  In some embodiments, the anti-TNFg drug is selected from the group consisting of
REMICADE™ (infliximab), ENBREL™ (ctanercept), HUMIRA™ (adalimnumab), CIMZIA®
{certolizumab pegol), SIMPONI® (golimumab; CNTO 148), and combinations thercof.

[8028] In other embodiments, the sampie is a2 whole blood, serum, or plasma sample, e.g.,
from a subject recetving anti-TNFa drug therapy. In preferred embodiments, the sample is
serum. In particular erobodiments, the subject has a TNFr-mediated disease or disorder such
s, e.g., an autoinunune disease {e.g., rheumatoid arthritis) or an inflanunatory disease (e.g.,

inflammatory bowel disease (IBD) such as Crohn’s disease (D) or ulcerative colitis (UT)H).

{88291  In certain embodiments, the sample has or is suspected of having an autoantibody to
the anti-TNFu drug. In other embodiments, the anti-TNFa drug autoantibody includes, but is
not limited to, human anti-chimeric antibodies (HACA), human anti-humanized antibodics

{HAHA), and human anti-mouse antibodies (HAMA), as well as combinations thereof.

{8838} In certain aspects, the assay methods of the present invention further comprise an
acid dissociation step comprising contacting a sarople with au acid prior to, during, and/or

after contacting the sample with g labeled anti-TNFo drug and g labeled TNFa.

9
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{8831} In certain other aspects, the assay methods of the present invention comprise
etecting the presence or level of one or more 1sotypes of a neuatralizing and/or non-

neutralizing form of an autoantibody to an anti-TNFu drug 1o a sarople.

{6632} 1n a further aspect, the present jnvention provides a method for monitoring and/or
optimizing therapy to a biologic in a subject recetving a course of therapy with the bislogic,
the method comprising:

(a) detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the biologic in accordance with the assay described herein
at a plurality of time points over the course of therapy;

{(b) detecting a change in the presence, level, or percent of the neutralizing form of
the autoantibody over time; and

{c) determining a subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the presence, level, or percent of the neutralizing

form of the antoantibody over time.

{6033} In one particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to a biologic in a subject recetving a course of therapy with the
hiologic, the method comprising:
{a) measuring the level or percent of a neutralizing form of an autoantibody to the
biclogic in a first sample from the subject as described herein at time point {;
{b) measuring the tevel or percent of the neatralizing form of the autoantibody in
a secound sampie from the subject as described herein at fime point tg;
{c) optionally repeating step (b) with # additional samples from the subject at time

points t,., wherein » s an integer from Ttosbout 25 (e g, nis 1,2, 3,4, 5, 6,

7.8,9, 10, V1, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any
range therein);

(d) detecting a change in the level or percent of the neutralizing form of the
autoantibody from time points 10 t; or from time points to 10 tyy; and

(e) deterraining a subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the level or percent of the neutralizing form of the

autoantibody over tirae.

10
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{8834} In an additonal aspect, the present invention provides a method for optimizing
therapy and/or reducing toxicity in a subject receiving a course of therapy with a first
hiologic, the method comprising:
{a} determining whether a neutralizing form of an autoantibody to the first
5 bislogic 1s cross-reactive with a second {i.e., different) biologic by detecting or
measuring the presence, level, or percent of a neutralizing form of the
autoantibody in g sample from the subiect in accordance with an assay
described herein; and
{b) determining that a different course of therapy should be administered to the
10 subject if the neutralizing form of the autoantibody is cross-reactive with the

second biologic,

[B835]  In one particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to an anti-TNFa drug in a subject receiving a course of therapy
with the anti-TNFa drug, the method corprising:

15 (a) detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the anti-TNFo drug in accordance with the assay described
heremn at a plurality of time points over the course of therapy;

{b) detecting a change in the presence, level, or percent of the neutralizing forra of
the autoantibody over time; and

20 {c) determining a subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the presence, level, or percent of the neutralizing

form of the antoantibody over time.

{8836] In another particular aspect, the present invention provides a method for monitoring
25  and/or optiraizing therapy to an anti-TNFg drug in a subject receiving a course of therapy
with the anti-TNFg drug, the method comprising:

{a) measuring the level or percent of a neutralizing form of an autoantibody to the
anti-TNFo drug 1n a first sample from the subject as described herein at time
point ty;

30 (b} measuring the level or percent of the neutralizing form of the autoantibody in
a second sample from the subject as described herein at tirme point 4y;
{c) optionally repeating step (b) with » additional samples fromo the subject at tirse

points t,.;, wherein » is an integer from 1 to about 25 (e, nig 1,2, 3,4, 5, 6,
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7,%,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any

range therein);

TN
o
N

detecting a change in the level or percent of the neutralizing form of the
autoantibody from tirne points 1o to t; or from tirne points to 10 ty; and

{e) determining a subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change o the level or percent of the neutralizing form of the

autoantibody over time.

{8837} In yet another particular aspect, the present invention provides a method for
optimizing therapy and/or reducing toxicity in a subject receiving a course of therapy with a
first anti-TNFa drug, the method comprising:
{a) determining whether a neutralizing form of an autoantibody to the first anti-
TNFg drug is cross-reactive with a second {7.e., different) anti-TNFo drug by
detecting or measuring the presence, level, or percent of a neutralizing forra of
the autcantibody in a sample from the subject in accordance with an assay
described herein; and
{b) determining that a different course of therapy should be administered to the
subject if the neutralizing form of the autoantibody is cross-reactive with the

second anti-TNFo drog.

[B838]  Other objects, features, and advantages of the present invention will be apparent to

one of skill in the art from the following detailed description and figares.

BRIEF DESCRIPTION OF THE DRAWINGS
{6039} Figure 1 illustrates that there was a clear relationship between NAbD percent (y-axis)
and AT fevels,
{0046] Figure 2 illustrates that an ATT concentration > 60 U/ml is predictive of NADb+,
{8041} Figure 3 illustrates that ATT predicts NAb with a ROC AUC of 8.93 1.
{8842] Figure 4 illustrates detection of ATI by the flaid phase mobility shitt assay of the
present invention.
{60437 Figure S illustrates an exemplary ATVIFX fluid phase mobility shift assay of the
present invention.
[8044] Figaore 6 illostrates a nop-nentralizing anti-drug antibody (ADA) assay of the
present invention.

12
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{8845] Figure 7 illustrates a neutralizing ADA assay of the present invention.

{8046] Figure § illustrates the levels of IFX and ATI over a time course of 5 samples from

a UC patient taken 1, 2, or 3 mouths apart.

{6047} Figure 9 shows peak analysis to deterroine the percentage of free TNFo over time

in g UC patient.

[6048]  Figure 10 illustrates a shift from the presence of non-neutralizing autoantibodics to
neutralizing autoantibodies over time as exemplified in 3 samples from a UC patient taken 2

or 3 months apart and spiked with IFX,

{0049}  Figure 11 shows peak avalysis to determine the percentage of free TNFa over tirae

in samples from a UC patient that were spiked with IFX,

{0858} Figure 12 shows the use of rabbit anti-human IgG1 Fc as a non-neutralizing

antibody {Ab) control.

{60651}  Figure 13 shows the use of ATT positive serum as a mixed neutralizing antibody

(MNAbYnon-neutralizing antibody {Ab) control.

{60521 Figure 14 shows that purification of AT from ATI positive serura results in loss of

weaker affinity NAb,

{38831  Figure 15 illustrates peak analysis from a UC paticnt case study to determine the

percentage of free TNFo in these various controls,

[0084] Figure 16 shows a peak analysis from a CD patient case study to determine the
percentage of free TNFg over a time course of 4 saraples taken 7 or 8 weeks apart during a
30-week period.

[80585] Figure 17 shows a peak analysis from another CD patient case study to determine
the percentage of free TNFa over a titne course of 3 saroples taken during a 50-week period.
16056] Figure 18 shows a peak analysis from 4 additional CD patient case studics to
determine the percentage of free TNFo in a sample at a particular week during or after
induction or maintenance of therapy.

{38871 Figure 19 shows detection of non-neatralizing antibody activity via the mobility

shift assay.



1

I

20

ND

fad

5

(]

WO 2013/006810 PCT/US2012/045794

{8058] Figure 20 depicts the cross-reactivity of ADA against both IFX and ADL, wherein
the binding site of ADA mimics the binding site of TNFu and can therefore bind to multiple

anti-TNF drugs.

[6059]  Figure 21 shows two paticut exaroples (Patients 1 and 2) in which cross-reactivity
of NAD produced in response to one anti-TNF drug was determined for other anti-TNF drugs.
In particular, NAD which developed when the patient was on Remicade (IFX) were tested

against Humira (ADL).

[8068] Figure 22 shows exemplary embodiments of the assays of the present invention to
detect the presence of non-neutralizing antibodies (non-NAb) (top) or neutralizing antibodies

(MAb) (bottom) against a drog such as IFX or ADL.
{8861} Figure 23 shows the generation and use of a NAb standard curve.

[8062] Figure 24 provides the results of a case study for Patient 3, who was treated with
IFX but fost response to IFX, to determine the cross-reactivity of NAb generated agaionst IFX

to ADL.

18063] Figore 25 provides the results of a case study for Patient 4, who was treated with
{FX but tost response to IFX, to deterraine the cross-reactivity of NAD generated against IFX

to ADL.

{6064} Figure 26 shows non-limiting examples of patient studies which demounstrate ATH

atfinity maturation and the development of cross-reactive ATL

DETAILED DESCRIPTION OF THE INVENTION

1. Intreduction

18065]  The present invention is based in part on the discovery that a homogencous mobility
shift assay using size exclusion chromatography and optionally acid dissociation to enable
equilibration of mmune complexes is particularly advantageous for measuring the presence
ot level of neutralizing and non-neutralizing forms of avtoantibodies {e.g., HACA, HAHA,
eic. ) that are generated against biologics such as anti-TNFu drugs. Such autoantibodies are
also known as anti-drug antibodies or ADA, and neutralizing and non-neutralizing forms

thereof are also known as NAb and non-NAb, respectively.

{60666]  In particular embodiments, the homogencous roobility shift assays of the jovention
are performed by contacting a subject’s sample with {(e.g., fluorescently) labeled biologic

(e.g., anti-TNFa drug) and {e.g., fluorescently) labeled biologic binding moiety (e.g., TNFq).

14
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The assays described herein are advantageous for at least the following reasons: they obviate
the need for wash steps which remove low affinity ADA; they use distinct labels such as
fluorophores that aliow for detection on the visible, IR, and/or near IR (NIR) spectra which
decreases background and serum interference issues; they increase the ability to detect
neutralizing and/or non-neutralizing ADA in subjects with a low titer due to the high
sensitivity of fluorescent label detection; and they occur as a liquid phase reaction, thereby
reducing the chance of any changes in the epitope by attachent to a solid surface such as an

ELISA plate.

{88677 In exemplary embodiments, the assays of the present invention are advantageous
because they enable time course case studies of IBD subjects on anti-TNFo drug therapy for
monttoring the formation of neutralizing and/or non-neutralizing anti-drug antibodies in
multiple samples at different time points. The assays of the present invention are also
advantageous because they enable the detersunation of whether there s a shift from non-
neutralizing to neutralizing anti-drug antibodics over time while a subject is on anti-TNFo.
drug therapy. Without being bound to any particular theory, neutralizing anti-drug antibodies
may have significant negative clinical consequences because they interfere with the binding

between the anti-TNFo drug and TNFo, thereby inducing a loss of efficacy.

[6668]  1n additional exeroplary embodiments, the assays of the present invention find
uwtility in predicting and/or deternuning the cross-reactivity of neutralizing anti-drug
antibodies in a subject’s sample with alternative bislogical drugs sach as other anti-TNF
drugs. For ithustration purposes only, if the sample contains neutralizing ADA o one anti-
TNFo drug, these neutralizing ADA will likely cross-react and be neutralizing to other anti-
TNFg drugs, such that the recommended treatment adjustment for the subject would be to
switch to a drug with a different mechanism of action (e.g., a non-anti-TNF agent). However,
if the sarople coutains non-neutralizing ADA to one anti-TNFu drug, the recommended

treatment adjustment tor the subject could be to switch to another anti-TNFg drug.

[6069]  Accordingly, the present invention addresses and overcomes current limitations
associated with the administration of anti-TNFa drugs, such as infliximab and adalinmimab,
in part, by providing information useful for guiding treatroent decisions for those subjects
receiving anti-TNFa drug therapy. The methods of the present invention are particularly
useful for monitoring those subjects receiving an anti-TNFa drug to detect or measure the
formation and/or development of nentralizing ADA (e g, over titne during a course of anti-

TWNFu drug therapy) and are also useful to detect or measure a change in {e.g., increase) the
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amount, percent, or ratio of neutralizing ADA compared to non-neutralizing ADA over time

while a sabject 1s on anti-TNFa drug therapy.

{8676] As such, the present invention provides methods for determining when and/or how
(1} to adjust or modify (e.g., increase or decrease) the subseguent dose of an anti-TNFa drug
to optimize therapeutic efficacy and/or to reduce toxicity in view of the presence, level, or
percent of neutralizing ADA, (2) to combine an anti-TNFo drug (e.g., at an initial, increased,
decreased, or same dose) with one or more Inwnunosuppressive agents such as methotrexate
{(MTX) or azathioprine (AZA} in view of the presence, level, or percent of neutralizing ADA,
and/or (3) to change the current course of therapy (e.g., switch to a different anti-TNFo drug
or to a drug that targets a different mechanism) in view of the presence, level, or percent of
neutralizing ADA. Such methods are uscful for ensuring that subjects receiving anti-TNFq
drugs are getting the right dose, that they are not developing an immune response against the
drug, and that they should be switched to a different drug due to faihire with the initial drug

{e.g.. development of cross-reactive neutralizing ADA against the inttial auti-TNFa drug).
i Definitions

{8071}  As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

18672] The terms “biclogic” or "biologic agent” or “biological drug” as used herein
encompass products and substances produced from or extracted from a biological system
(e.g., a living organisny). Non-limiting examples of biologics include antibodies, antibody
fragments, proteins, polypeptides, peptides, fusion proteins {e.g., g fusion proteins or Fe
fusion proteins), multivalent binding proteins (e.g., BVD Ig), antibody-drug conjugates,
vaceines, nucleic acids, sugars, recombinant forms thereof, engincered forms thereof, and

combinations thereof

18073} The term “biologic binding moiety” includes any molecule, agent, or substance that
{e.z., specifically) binds {0 or interacts with 4 biclogic. Tn certain instances, a neutralizing
form of the autoantibody interfores with the binding between the biologic binding moiety and
the biologic. In certain other instances, a non-neutralizing form of the autoantibody does not
interfere with the binding between the biologic binding moiety and the biologic. As one non-
himmiting example, the biologic binding moiety comprises TNFo when the biclogic comprises
an anti-ThFo drug. As another non-limiting example, the biologic binding moiety comprises
an interleukin receptor {e.g., a soluble extracellnlar fragment of an interleukin receptor) when

the biologic comprises an interlenkin such as TL-2
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18074} The terms “anti-TNFg drug” or “TNFo inhibitor” as used herein are iniended to
encompass agents inchiding proteins, antibodies, antibody fragments, fusion proteins {e.g., Ig
fusion proteins or Fo fusion proteins), multivalent binding proteins (e.g., DVD Ig), small
molecule TNFu antagonists and similar naturally- or nonnaturally-occurring molecules,
and/or recombinant and/or engineered forms thereof, that, divectly or indirectly, inhibit TNFa
activity, such as by inhibiting interaction of TNFo with a cell surface receptor for TNFa,
inhibiting TNFu protein production, inhibiting TNFg gene expression, inhibiting TNFa
secretion from cells, inhibiting TNFu receptor signaling or any other means resulting in
decreased TNFa activity in a subject. The term “anfi-TNFo drug” or “TNFo mmhibitor”
preferably jochudes agents which interfere with TNFo activity. Examples of anti-TNFa drugs
include, without limitation, infliximab (REMICADE™, johunson and Johnson), human anti-
TNF monoclonal antibody adalimumab (D2E7T/HUMIRA™, Abbott Laboratories), etanercept
(ENBREL™, Amgen), certolizumab pegol (CIMZIA®, UCRB, Inc.), golimumab (SIMPONT;
CNTO 148y, CDP §71 (Celitech), CDP 8§70 (Celltech), as well as other compounds which
inhibit TNFg activity, such that when administered to a subject suffering from or at risk of
sutfering from a disorder in which TNFu activity is detrimental (e.g., RA), the disorder is

treated.

[8475]  The term “TNFa” is intended to include a human cytokine that exigts as a 17 kDa
secreted form and a 26 kDa membrane associated form, the biologically active form of which
is composed of a trimer of noncovalently bound 17 kDa molecules. The structure of TNFq is
described further in, for example, Jones et al., Nature, 338:225-228 (1989). The term TNFa
is intended to inchude human TNFq, a recombinant human TNFo (thTNF-r), or TNFg that is
at least about 3(% identity to the human TNFa protein. Human TNFg consists of a 35 amino
acid (aa) cytoplasmic domain, 8 21 aa transmembrane segment, and a 177 aa extracellular
domain (ECD) (Pennica, D. et al (1984} Narure 312:724), Within the ECD, human TNFo
shares 97% aa sequence identity with rhesus TNFu, and 719% to 92% aa sequence identity
with bovine, canine, cotton rat, equine, feline, mouse, porcine, and rat TNFa. TNFa can be
prepared by standard recombinant expression roethods or purchased commercially (R & D

Systems, Catalog No. 210-TA, Minneapolis, Minn. ).

[8476] In certain embodiments, “TNFeg” is an “antigen,” which includes a molecuie or a
portion of the molecule capable of being bound by an anti-TNF-a drug. TNFo can have one
or more than one epitope. In certain instances, TNFo will react, in a highly selective manner,
with an anti-TNFa antibody. Preferred antigens that bind antibodics, fragments, and regions

of anti-TNFaq antibodies include at least S amino acids of human TNFa. In certain instances,
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TNFe is a sufficient length having an epitope of TNFuq that is capable of binding anti-TNFo¢

antibodies, fragments, and regions thereof,

{8677} The term “size exclusion chromatography” or “SEC” inchudes a chromatographic
method n which molecules in solution are separated based on their size and/or hydrodynamic
volume. It is applied to large molecuies or macromolecular compiexes such as proteins and
their conjugates. Typically, when an agqueous sohution 18 used o transport the sample through
the column, the technique is known as gel filiration chromatography.

2% s, 2% Le

[8078]  The terms “complex,” “immuno-complex,” “conjugate,” and “immunoconjugate”
include, but are not limited to, TNFu bound {e.g., by non-covalent means) to an anti-TNFx
drag, an anti-TNFo drug bound {(e.g., by non-covalent means) to an autoantibody against the
anti-TNFu drug (e.g., a neutralizing or non-neutralizing anti-drag antibody), and av anti-
TNFa drug bound (e.g., by non-covalent means) to both TNFo and an autoantibody against

the anti-TNFo drug (e.g., a neutralizing or non-neutralizing anti-drug antibody).

{88791 As used herein, an entity that is modified by the term “labeled” inchides any entity,
molecule, protein, enzyrae, antibody, antibody fragment, cytoking, or related species that is
conjugated with another molecule or chemical entity that is empirically detectable. Chemical
species suitable as labels for labeled-entities include, but are not limited to, fluorescent dyes,
e.g. Alexa Fluor” dyes such as Alexa Fluor™ 647, quantum dots, optical dyes, hurinescent

. . b
dyes, and radionuclides, e.g. 'L

18086 The phrase “fluorescence label detection” includes a means for detecting a
fiuorescent label. Means for detection include, but are not limited to, a spectrometer, a
fluorimeter, a photometer, and a detection device commonly incorporated with a
chromatography instrument such as, but not limited to, size exclusion-high performance

liguid chromatography, such as, but not limited to, an Agilent-1200 HPLC System.

{8881} The phrase “optimize therapy” includes optimizing the dose (e.g, the effective
amount or level} and/or the type of a particalar therapy. For example, optimizing the dose of
an anti-TNFo drug includes inereasing or decreasing the armnount of the anti-TNFa drug
subsequently administered to g subject. In certain instances, optimizing the type of an anti-
TNFa drug includes changing the administered anti-TNFo drug from one drug to a different
drug {e.g., a different anti-TNFa drug or a drug that targets a differcot mechanism). In other
instances, optinuzing therapy includes co-administering a dose of an anti-TNFu drug (e.g., at
an increased, decreased, or same dose as the previous dose) in combination with one or more

immanosappressive drugs.
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{8082} The term “co-administer” includes to administer more than one active agent, such
that the duaration of physiological effect of one active agent overlaps with the physiological

effect of a second active agent.

[8083]  The torm “subject,” “patient,” or “individual” typically includes humans, but also
includes other animals such as, e.g., other primates, rodents, canines, felines, equines, ovines,

porcines, and the hike.

[8884] The term “course of therapy” includes any therapeutic approach taken to reliove or
prevent one or more syrptoms associated with a disease or disorder. The term encompasses
administering any compound, drug, procedure, and/or regimen useful for improving the
health of an individual with a disease or disorder and inclhades any of the therapeutic agents
described herein. As a non-limiting example, the course of therapy or the dose of the current
course of therapy can be changed (e.g., increased or decreased) based upon the presence or
concentration level of TNFa, anti-TNFa drug, and/or anti-drug antibody {e.g., the presence,
fevel, or percent of neutralizing and/or non-neutralizing anti-drug antibody determined asing

the methods of the invention).

{6085} The term “trnmunosuppressive drug” or “immunosuppressive agent” includes any
substance capable of producing an immunosuppressive effect, e.g., the prevention or
dimimition of the tmmune response, as by irradiation or by administration of drugs such as
anti-mctabolites, anti-lymphocyte sera, antibodies, efe. Exaruples of inununosuppressive
drugs include, without limitation, thiopurine drugs such as azathioprine {(AZA) and
metabolites thereof, anti-metabolites such as methotrexate (MTX); sirolimus (rapamycin};
ternsirolimus; everoliraus; tacroliraus (FK-506); FK-77¢; anti-lymphocyte globulin
antibodies, anti-thymocyte globulin antibodies, anti-CD3 antibodies, anti-CD4 antibodies,
and antibody-toxin conjugates; cyclosporine; mycophenolate; mizoribine monophosphate;
scoparone; glativamer acetate; metabolites thereof pharmaceutically acceptable salts thereof;

derivatives thercof, prodrugs thereof; and corbinations thercof

18086 The torm “thiopurine dmg” includes azathioprine (AZA), 6-mercaptopurine (6-MP),
or any metabolite thereof that has therapeutic efficacy and includes, without limitation, 6-
thioguanine (6-TG), 6~-methylmercaptopurine riboside, 6-thioimosine nucleotides (e.g., 6-
thioinosine monophosphate, 6-thioinosine diphosphate, 6-thioinosine triphosphate), 6-
thioguanine nucleotides (e.g., 6-thioguanosine monophosphate, 6-thioguanosine diphosphate,

6-thioguanosine triphosphate), 6-thioxanthosine nucleotides (e.g., 6-thioxanthosine
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monophosphate, 6-thioxanthosine diphosphate, 6-thioxanthosine triphosphate), derivatives

thereof, analogues thereof, and corgbinations thereof.

{8687} The term “sample” includes any biological specimen obtained from an individual.
Samples include, without limitation, whole blood, plasma, serum, red blood cells, white
blood cells (e.g., peripheral blood mononuclear cells (PBMC), polymorphonuciecar (PMN)
cells), dactal lavage fhud, nipple aspirate, lymph (e.g., disseminated tumor cells of the lymph
node}, bone marrow aspirate, saliva, urine, stool (7.e., feces), sputum, broochial lavage fluid,
tears, fine needle aspirate {e.g., harvested by random periarcolar fine needle aspiration), any
other bodily fhuid, a tissue sample such as a biopsy of a site of inflarnmation (e.g,, needle
biopsy), cellular extracts thereof, and an mmunogiobulin enriched fraction derived from one
or more of these bodily fluids or tissues. In some embodiments, the sample is whole blood, &
fractional component thereof such as plasma, serum, or a cell pellet, or an immunogiobuiin
enriched fraction thereof. One skilled in the art will appreciate that samples such as serum
samples can be diluted prior to the analysis. To certain embodiuents, the sample is obtained
by isolating PBMCs and/or PMN cells using any technique known in the art. In certain other
embodiments, the sample is a tissue biopsy such as, e.g., from a site of inflammation sach as

a portion of the gastrointestinal tract or synovial tissue.

{6088}  The steps of the methods of the present fuvention do not necessarily have to be
performed in the particular order in which they are presented. A person of ordinary skill in
the art would understand that other orderings of the steps of the methods of the invention are

encompassed within the scope of the present invention.

[8089] Brackets, “[ 17 indicate that the specics within the brackets are referred to by their

concentration,

HI.  Bescription of the Embediments

{8898] The present invention provides assays for detecting and measuring the presence or
level of neutralizing aund non-neutralizing autoantibedies to biclogics such as anti-TNFuo drug
therapeutics in 4 sample. The present invention 1s usetud for monitoring the formation of
neutralizing and/or non-nevtralizing anti-drug antibodies over time while a subject is on
biologic therapy (e.g., anti-TNFa drug therapy). The present invention is also useful for
predicting and/or determining the cross-reactivity of neutralizing anti-drug antibodies ina
subject’s sample with alternative biclogic therapies {e.g., alternative anti-TNFa therapies).
As such, the present invention provides information for guiding treatment decisions for those

subjects receiving therapy with a biologic agent and improves the accuracy of optimizing
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therapy, reducing toxicity, and/or monitoring the efficacy of therapeutic treatment to biologic

therapy.

[8091] In one aspect, the present invention provides a method for detecting the presence of

a neutralizing and/or non-neutralizing form of an autoauntibody to a biologic v a sample, the

method comprising:

(a)

(b}

o~
o
N’

(dy

contacting the sample with a labeled biclogic and a labeled biologic binding

motety to form:

(1) a first labeled complex {(i.e., immuno-complex or conjugate) of the
labeled biologic and the autoantibody (i.e., wherein the components of
the first labeled complex are not covalently attached to each other);
and/or

(i1} a second labeled complex (e, immuno-complex or conjugate) of the
labeled biologic, the labeled biologic binding moiety, and the
autoantibody (7 e., wherein the components of the second labeled
complex are not covalently attached to each other);

subjecting the first labeled complex and/or the second labeled complex to size

exclusion chromatography to separate them from free (i.e., unbound) labeled

biologic binding moicty, free labeled biologic, and/or a complex of Iabeled
bislogic and labeled biologic binding moiety;

measuring the tevel of free labeled biologic binding moiety after size

exchusion chromatography (e.z., by measuring the area under the curve (AUC)

of the free labeled biologic binding moiety peak following size exclusion
chromatography (SEC)); and

comparing the level of the free labeled biclogic binding moicty measured in

step (¢) to the level of free labeled biologic binding moicty tn a control sample

{(e.g.. by measuring the AUC of the free labeled biclogic binding moiety peak

following SEC of a reference sample containing only free labeled biologie

binding moicty), thereby detecting the presence of a neutralizing and/or non-

neutralizing form of the autoantibody.

{6092} In some embodiments, a ncutralizing form of the autoantibody interfercs with the

binding between the biologic and biologic binding moiety. In other embodiments, a non-

neutralizing form of the autoantibody does not interfere with the binding between the

biologic and biologic binding moiety.
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{8883} In some instances, free labeled bislogic binding motety consists of labeled biclogic
binding moiety that is substantially free of bound biologic (e.g., labeled and/or unlabeled

biologic).

[6094]  In certain embodiments, a neutralizing form of the sutoantibody is detected when
the level of the free 1abeled biologic binding moiety measured in step (¢} is the same or
substantially the same as the level of the free labeled biologic binding moiety in the control
sample. In cortain other erabodiments, a nou-neutralizing form of the autoantibody 5
ctected when the level of the free labeled biologic binding moiety measured in step (¢} is
decreased (e.g., substantially decreased) or absent (e.g., undetectable) compared to the level

of the free labeled biologic binding moicty 1 the coutrol sample.

{6095]  In particular embodiments, the level of the free labeled biologic binding moiety
measured in step (¢) is considered to be substantially the same as the level of the free labeled
biologic binding moiety in the controd sample when 1t 18 at least about 70%, 75%, 80%, 81%,
82%, 83%, R4%, 85%, 86%, 87%, B8%, 89%, 90%, 31%, 92%, 93%, 94%, 95%, 96%, 97%,
8%, or 99% the level of the free labeled biologic binding moiety measured in the control
sample. In particalar embodiments, the level of the free labeled biologic binding motety
measured in step {¢) is considered to be substantially decreased compared to the level of the
free labeled biologic binding moiety in the control sample when it 1s at least about 50%, 55%,
605, 65%, T0%, 75%, 80%, 85%, 90%, or 95% less than the level of the free labeled

biologic binding moiety measured in the control sample.

{88961 Tn some embodiments, the level of free labeled biologic binding moiety s measured
by integrating the area under the curve (AUC) of the free labeled biologic binding motety
peak from a plot of signal intensity as a function of elution time from the size exclusion

chromatography {e.g., SEC-HPLC).

18697]  In some embodiments, the biologic includes antibodies {e.g., anti-TNFa monoclonal
antibodies), antibody fragments, proteins {e.g., cytokines such as interlenking), polypeptides,
peptides, fusion proteins, multivalent binding proteins, antibody-drug conjugates, vaccings,
nucleic acids, sugars, recombinant forms thereof, engineered forms thereof, and combinations

thereof.

[8098] In other embodiments, the sampie is 3 whole blood, serum, or plasma sample, e.z.,
from a subject receiving biologic therapy. In preferred embodiments, the sample is serum. In

particular embodiments, the subject has a disease or disorder such as, e.g., an autoimmune
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discase {e.g., rheumatoid arthritis), an inflammatory disease {e.g, inflammatory bowel

AN

disease {IBD) such as Crohn’s disease (CIY) or ulcerative colitis (UC)), or cancer.

[8699] In certain embodiments, the sample has or is suspected of having an autoantibody to
the biologic. To other embodiments, the biologic autoantibody includes, but is vot lintted to,
human anti-chimeric antibodies (HACA), human anti-humanized antibodies (HAHA), and

human anti-mouse antibodies (HAMA), as well as combinations thereof.

{31687  Tn another aspect, the present invention provides a method for measuring the level
or percent of a neutralizing form of an autoantibody 1o a biologic n a sample, the method
comprising:
{(a) contacting the sample with a labeled biclogic and a labeled biologic binding
moiety to form:

(i} a first labeled complex (e, immuno-complex or conjugate) of the
labeled biologic and the autoantibody (ie., wherein the components of
the first labeled complex are not covalently attached to each other);
and/or

(it} a sccond labeled complex (e, immuno-complex or conjugate) of the
labeled biologic, the labeled biologic binding moiety, and the
autoantibody (7.e., wherein the components of the second labeled
complex are not covalently attached to cach other);

{b) subjecting the first labeled complex and/or the second labeled complex to size
exchision chromatography to separate them from free (f.e, unbound) labeled
biologic binding moiety, free labeled biologic, and/or a corplex of labeled

biologic and labeled biologic binding moiety;

{©) measuring the level of free labeled biologic binding moiety after size
exchusion chromatography (e.g., by measuring the area under the curve (AUC)
of the free labeled biologic binding moiety peak following size exclusion
chromatography (SEC)); and

(d) comparing the level of free labeled biologic binding molety measured in step

{¢) to a normalized level or percent of free fabeled biologic binding moicty in
a control sample (e.g., by measuring and normalizing the AUC of the free
labeled biologic binding motety peak following SEC of a reference sample
containing only free labeled biologic binding motety to calculate the level or

percent of free labeled biologic binding moiety), wherein the normalized level
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or percent of the free labeled biologic binding motety in the control sample

corresponds to the level or percent of a neatralizing form of the auteantibody.

[8181]  In some embodiments, the difference between the normalized level or percent of the
free labeled biologic binding moiety in the control sarople and the level of free labeled
biologic binding moiety measured in step (¢) corresponds to the level or percent of a non-

neutralizing form of the autoantibody.

{31821  Tn some instances, free labeled biologic binding moiety consists of labeled biologic
binding moiety that is substantially free of bound biologic (e.g.. labeled and/or unlabeled
biologic).

{8183} In particular embodiments, the level or percent of the free labeled biologic binding
moiety in a control sample 1s normalized by measuring the peak area {e.g., by measuring the
AUC) of a complex formed between the labeled biologic and the labeled biologic binding
moiety (e.g., “labeled complex™), and then subtracting the measured peak area of the labeled
complex from the peak area of the free labeled biologic binding motety (e.g., by measuring

the AUC of the free 1abeled biclogic binding moiety peak).

{8184] In certain embodiments, the level of the free labeled biologic binding moiety is
measured by integrating the area under the curve (AUC) of the free labeled biologic binding
moiety peak from a plot of signal intensity as a function of ehution tiroe from the size
exclusion chromatography (e.g., SEC-HPLC). In other embodiments, the level of a coraplex
formed between the labeled biologic and labeled biologic binding moiety is measured by
integrating the AUC of the free labeled biologic binding moiety peak from a plot of signal
intensity as a function of elution time from the size exclusion chromatography (e.z., SEC-

HPLO).

[8185] In certain embodiments, a subpopulation of the autoantibody 1o a biclogic {e.g.,
ADA}Y s a neutralizing form of the autoantibody (e.g., NAb). In some embodiments, the total
level of an antoantibody to a biologic in a sample can be calculated by adding the levels of
both neutralizing and nov-neutralizing forms of the autoantibody measured in accordance

with the methods of the invention.

{31861 In some embodiments, the level of the free labeled biologic binding moisty
measured in step (¢} is further compared to a negative control, a posttive control, or a
combination thercof. In further cmbodiments, the percent of the neutralizing form of the
autoantibody (e.g., NAb) determined in step (d) 1s compared to a cutoff value or reference

range established from a healthly control {e.g., normal human serum). In some embodiments,
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the cutoff value or reference range is expressed as a threshold percent of NAD that the sample
srust have 1 order to be considered positive for NAb. In such embodiments, the sample is
positive for NAb when the percent of NAb determined n step (d) is greater than or equal o
the cutoff value or reference range established from the healthly control. In other
embodiments, the sample is negative for NAb when the percent of NADL determined in step
() 1s less than the cutoff value or reference range cstablished from the healthly control. Non-
limiting exampics of cutoff values or reference ranges inchude, e.g.. at least about 8.25%,
0.50%, 6.7 1.00%, 1.50%, 2.00%, 2.50%, 2.60%, 2.70%, 2.8(%, 2.90%, 3.00%, 3.01%,
3.02%, 3.03%, 3.04%, 3.05%, 3.00%, 3.07%, 3.08%, 3.09%, 3.10%, 3.20%, 3.30%, 3.40%,
3.50%, 4.00%, 4.50%, 5.00%, 5.50%, 6.00%, 6.50%, 7.00%, 7.50%, 8.00%, §.50%, 9.00%,

8.50%, 10.00% NAD, or any range therein,

{81871  In some embodiments, all of the autoantibodies to the biologic are neutralizing
antibodies and the sample is defined as having 100% neotralizing anti-drug antibodies (NADb)
and/or 0% non-neutralizing anti-drug antibodies (non-NAb). In these embodiments, the level
of the free labeled bislogic binding moiety measured in step (¢} is generally the same as the
ievel of the free labeled bislogic binding moiety in the control sample, and the autoantibodies
are predicted to completely block or interfere with the binding between the biologic and the

hiologic binding moiety.

{6168}  In other embodiments, none of the autoantibodies to the biologic are neutralizing
antibodies and the sample is defined as having 100% non-NAb and/or 0% NAD. In these
embodiments, the level of the free labeled biologic binding motety measured in step (¢) is
generally absent (e.g., undetectable) compared to the level of the free labeled biologic
binding moiety in the control sample, and the autoantibodies are predicted to not compietely

block or interfere with the binding between the biologic and the biologic binding moisty.

{0169}  In further embodiments, when both neutralizing and non-neutralizing forms of the
autoantibody are present in a sample, the percent of each species can be expressed on their
own {e.g., S0% NAD or 50% non-NAb is defined as an equal proportion of NADb and non-
NAbina sampie) or as aratio. In certain mnstances, the ratio is calculated by dividing the
percent of NAb by the percent of non-NAb, or vice versa. Tn other instances, the ratio is
calculated by dividing the level of NAb by the level of non-NAb, or vice versa.

¢

{8118} In some embodiments, the biologic includes antibodies {e.g.. anti-TNFa monoclonal
antibodies), antibody fragrents, proteins {2.g., cyvtokines such as interleukins}, polypeptides,

peptides, fusion proteins, roultivalent binding proteins, antibody-drug conjugates, vaccings,

25



1

30

WO 2013/006810 PCT/US2012/045794

nucleic acids, sugars, recombinant forms thereof, engineered forms thereof, and combinations

thereof,

{8111} In other erobodiments, the sample is a whole blood, serum, or plasma sample, e.g.,
from a subject receiving biologic therapy. In preferred embodiments, the sarople 15 serum. In
particular embodiments, the subject has a disease or disorder such as, e.g., an autoimmune
disease {e.g., rtheumatoid arthritis), an inflammatory disease {e.g., inflammatory bowel

{

1BD) such as Crohn’s discase (CD) or ulcerative colitis (UQC)), or cancer.

Case

{81121 o certain embodiments, the saraple has or is suspected of having an autoantibody to
the biologic. In other embodiments, the biologic autoantibody includes, but is not limited to,
human anti-chimeric antibodies (HACA), human anti-humanized antibodies (HAHA), and

human anti-mouse antibodies (HAMA), as well as combinations thereof,

{0113} In yot another aspect, the present invention provides a method for determining
whether a peutralizing form of an autoantibody to a first bioclogic is cross-reactive with a
second (7.e., different) biologic, the method comprising:

(a) detecting or measuring the presence, level, or percent of a neutralizing form of
the autcantibody in a sample in accordance with an assay described herein to
determine whether the sample is positive or negative for the neutralizing form
of the avtoantibody; and

it the sample 1s positive for the neutralizing form of the autoantibody, then:

{b) contacting the sample with a labeled second biologic to form g labeled
complex of the labeled second biologic and the neutralizing form of the
autoantibody (7. e., wherein the coraponents of the labeled complex are not
covalently attached to each other);

() subjecting the labeled complex to size exchusion chromatography to separate

the labeled complex (e.g., from free labeled second biologic); and

TN
o
N

detecting the labeled comples, thereby determining whether a neutralizing
form of an autoantibody to a first biologic is cross-reactive with a second

biclogic.

{8114}  Tn certain embodiments, the presence of the 1abeled complex is an indication that
the neutralizing auteantibody against the first biologic is cross-reactive with the second
biologic, i e.. the neutralizing autoantibody will inhibit the activity of both the first and

second biclogical drugs.

26



1

N2
(9]

30

WO 2013/006810 PCT/US2012/045794

{8115} In certain other embodiments, the absence of the labeled complex is an indication
that the neutralizing autoantibody against the first biologic is not cross-reactive with the
second biologic, i.e., the neutralizing autoantibody will not inhubit the activity of the second
biological drug.

{8116} In some embodiments, the first and second biologics are indepedently selected from
the group consisting of antibodies {e.g., anti-TNFg monoclonal antibodies), antibody
fragments, proteins {e.g., cytokines such as interleukins), polypeptides, peptides, fusion
proteins, mmultivalent binding proteins, antibody-drug conjugates, vaccines, nucleic acids,

sugars, recombinant forros thereof, engineered forms thereof, and combinations thereof.

18117  In other embodiments, the sampie 18 a whole blood, seram, or plasma sample, e.g.,
from a subject receiving biologic therapy. In preferred embodiments, the sarople 15 serum. In
particular embodiments, the subject has a disease or disorder such as, e.g., an autoimmune
disease {e.g., rheumatoid arthritis), an inflammatory disease {e.g., inflammatory bowel

disease (IBD) such as Crohn’s disease {CD) or ulcerative colitis (UC)), or cancer.

{8118} In certain embodiments, the saraple has or is suspected of having an autoantibody to
the biologic. In other embodiments, the biologic autoantibody includes, but is not Himited to,
human anti-chimeric antibodies (HACA), lmiman anti-humanized antibodies (HAHA), and

human anti-mouse antibodies (HAMA), as well as combinations thereof.

{0119}  In certain aspects, the assay roethods of the present invention tfurther comprise an
acid dissociation step comprising contacting a saraple with an acid prior to, during, and/or

after contacting the sample with a labeled biologic and a labeled biologic binding moiety.

[8128]  Tn certain other aspects, the assay methods of the present invention comprise
detecting the presence or level of one or more 1sotypes of a4 neutralizing and/or non-

neutralizing form of an autoantibody to a biologic in a sample.

{6121} In one particular aspect, the present invention provides a method for detecting the
presence of a nevtralizing and/or non-neutralizing form of an autoantibody to an anti-TNFa
drug in a sample, the mcthod comprising:
{a} contacting the sample with a labeled anti-TNFo drug and 3 labeled TNFa to
form:

(1) a first labeled complex (Qe., immuno-complex or conjugate) of the
labeled anti-TNFo drug and the autoantibody (i.e., wherein the
components of the first labeled complex are not covalently attached to
cach other); and/or
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(iiy  asecond labeled complex {i.e., immuno-complex or conjugate) of the
labeled anti-TNFa drug, the labeled TNFa, and the autoantibody (fe
wherein the components of the second labeled coraplex are not
covalently attached to each other);

{b) subjecting the first labeled complex and/or the second labeled complex to size
exchision chromatography to separate them from free (f.e, unbound) labeled
TNFa, free labeled anti-TNFa drag, and/or a complex of abeled anti-TNFu
drug and labeled TNFo;

{©) measuring the level of free labeled TNFuo after size exclusion chromatography
{e.g.. by measuring the area under the curve (AUC) of the free labeled TNFo
peak following size exchasion chromatography (SEC)); and

{d) comparing the level of the free labeled TNFa measured in step (¢} to the level
of free labeled TNFa in a control sample (e.g., by measuring the AUC of the
free labeled TNFu peak following SEC of g reference sample containing only
free labeled TNFu), thereby detecting the presence of a neutralizing and/or

non-neutralizing form of the autoantibody.

[8122]  In some embodiments, a neutralizing form of the autcantibody interfores with the
binding between the anti-TNFo drug and TNFa. In other embodiments, 2 non-neutralizing
form of the autoantibody does not interfere with the binding between the anti-TNFq drug and

TNFa.

[8123]  In some instances, free labeled TNFa consists of Tabeled TNFu that is substantially

free of bound anti-TNFo drug {e.g., labeled and/or undabeled anti-TNFa drug).

{8124} In certain embodiments, a neutralizing form of the autoantibody is detected when
the level of the free labeled TNFo measured in step (¢} is the same or substantially the same
as the level of the free labeled TNFo in the control sample. Tn cortain other ernbodiments, a
non-neutralizing form of the autoantibody is detected when the level of the free labeled TNFu
measured in step (©) is decreased (e.g., substantially decreased) or absent (e.g., undetectable)

compared to the level of the free labeled TNFu in the control sample.

[81258] 1o particular embodiments, the level of the free labeled TNFa measured in step {¢)
is considered to be substantially the same as the level of the free labeled TNFg in the control
sample when it is at least about 70%, 75%, 8(%, 81%, 82%, 839%, 84%, 85%, 86%, 87%,
&R%, B9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% the level of the free
labeled TNFo measured in the control sample. In particular embodiments, the level of the
free labeled TNFa measured in step (¢) is considered to be substantially decreased compared
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to the level of the free labeled TNFq in the control sampie when it is at least about 50%, 55%,
60%, 65%, 7(%, 75%, 0%, 85%, 90%, or 3% less than the level of the free labeled TNFa

measured in the control sample.

{0126}  1n certain erabodiments, the level of free labeled TNFo 15 measured by integrating
the area under the curve (AUC) of the free labeled TNFa peak from a plot of signal intensity

as a function of elution time from the size exclusion chromatography (e.g., SEC-HPLC).

{81271  In some embodiments, the anti-TNFo drug 18 selected from the group consisting of

REMICADE™ (infliximab), ENBREL™ (etanercept), HUMIRA™ (adalimumab), CIMZIA®

(certolizamab pegol), SIMPONI® (golimuamab; CNTO 148), and combinations thereof,

[8128] In other embodiments, the sample is 8 whole blood, serum, or plasma sample, ez,
from a subject receiving anti-TNFa drug therapy. In preferred ernbodiroents, the sample is
serum. In particufar embodiments, the subiect has a TNFo-mediated disease or disorder such
as, .g., an autotmmune disease (e.g., rheumatoid arthritis) or an inflammatory disease (e.g.,

mflammatory bowel disease (IBD) such as Crohn’s discase (CI3) or ulcerative colitis (UCH).

[8129]  In certain embodiments, the sample has or is suspected of having an autoantibody fo
the anti-TNFo drug. In other embodiments, the anti-TNFo drug autoantibody includes, but is
not Himited to, human anti-chirseric antibodies (HACA), urnan anti-humanized antibodies

(HAHA), and human anti-roouse antibodies (HAMA), as well as cornbinations thereof.

{0138}  In another particular aspect, the present invention provides a method for rocasuring
the level or percent of a neutralizing form of an autoantibody to an anti-TNFa drug in a
sample, the method comprising:
{(a) contacting the sample with 4 labeled anti-TNFo drug and a labeled TNFa to
formu
(i} a first Iabeled complex (Le., immuno-complex or conjugate) of the
labeled anti-TNFg drug and the autoantibody (i.e., wherein the
compounenis of the first labeled complex are not covalently attached to
cach other); and/or
(iiy  asecond labeled complex {i.e., immuno-complex or conjugate) of the
fabeled anti-TNFu drug, the labeled TNFo, and the autoantibody (i.e,,
wherein the components of the second labeled corplex are not
covalently attached to each other);
(b subjecting the first labeled complex and/or the second labeled complex to size

exchusion chromatography to separate thern fror free (i.e., vnbound) labeled
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TNFaq, free labeled anti-TNFa drag, and/or a complex of labeled anti-TNFu
drug and labeled TWNFq;

{c) measuring the level of free labeled TNFo after size exclusion chromatography
{e.g.. by measuring the area under the curve (AUC) of the free labeled TNFa

peak following size exclusion chromatography (SEC)); and

el

o~
[a
~

comparing the level of free labeled TNFo measured in step (C) to a normalized
evel or percent of free labeled TINFa in a control sample {e.g., by measuring
and normalizing the AUC of the free labeled TNFa peak following SEC ofa
reference sample containing only free labeled TNFe to calculate the level or
percent of free labeled TNFo), wherein the normalized level or percent of the
free labeled TNFo in the control sample corresponds to the level or percent of

a neutralizing form of the avtoantibody.

[8131]  Tn some embodiments, the difference between the normalized level or percent of the
free labeled TNFa in the control sample and the level of free labeled TNFa measured 1o siep

{c) corresponds to the level or percent of a non-neutralizing form of the autoantibody.

{8132} In some insiances, free labeled TNFg consisis of labeled TNFo that is substantially

free of bound anti-TNFo drug (e.g., labeled and/or unlabeled anti-TNFa drug).

{8133} In particular embodiments, the level or percent of the free labeled TNFa in a control
sample 15 normalized by measuring the pesk area {e.g,, by measuring the AUC) of a complex
formed between the labeled anti-TNFo drug and labeled TNFa (e.g., “labeled complex™), and
then subtracting the measured peak area of the labeled complex from the peak area of the free

labeled TWFu (e.g., by measuring the AUC of the free labeled TNFu peak).

{6134} In certain cmbodiments, the level of free labeled TNFu is measured by integrating
the area uvnder the curve {AUC) of the free labeled TNFg peak from a plot of signal intensity
as a function of clution time from the size exchision chromatography {e.g., SEC-HPLC). o
other embodiments, the level of a complex formed between the labeled anti-TNFo drug and
iabeled TNFo is measured by integrating the AUC of the free labeled TNFg peak from a plot
of signal intensity as a function of elution time from the size exclusion chromatography {2.g.,

SEC-HPLO).

{0135} In certain embodiments, a subpopulation of the autoantibody to an anti-TNFu drug
{e.g.. ADA) is a noutralizing form of the sutoantibody (e.g, NADb). In some embodiments,

the total level of an autoantibody to an anti-TNFo drug in a sample can be calculated by
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adding the levels of both neutralizing and non-neutralizing forms of the autoantibody

measured in accordance with the methods of the invention.

18136]  In some embodiments, the level of the free labeled TNFo measured in step () 18
further compared to a negative control, a positive control, or a combination thercof. Non-
limiting examples of negative controls include a mouse monocional anti-human IgG, Fe
sample and/or a rabbit monocional anti-human IgG; Fe sample. Non-limiting examples of
positive controls include a pooled ADA-positive patient serum sample and/or a sample of

rabbit polyclonal antibodies against the F{ab’ ), fragment of an anti-TNFg drug.

{8137} In further embodiments, the percent of the neutralizing form of the autoantibody
{2.g., NAb) determined in step (d) 1s compared to a cutoff value or reference range
established from a healthly control {e.g., normal buman serum). In particular croboduments,
the cutoff value or reference range is expressed as g threshold percent of NAD that the sample
must have in order to be considered positive for NAb. In such embodiments, the sample is
positive for NAb when the percent of NAb determined 1o step () is greater than or equal to
the cutoff value or reference range established from the healthly control. In other
embodiments, the sample is negative for NAb when the percent of NAb determined in step
{d) 1s less than the cotoff valoe or reference range established from the healthly control. Non-
houting examples of cutoft values or reference ranges include, e.g., at least about 6.25%,
0.50%, 0.75%., 1.00%, 1.50%, 2.00%, 2.50%, 2.60%, 2.70%, 2.80%, 2.90%, 3.00%, 3.01%,
3.02%, 3.03%, 3.04%, 3.05%, 3.06%, 3.07%, 3.08%, 3.09%, 3.10%, 3.20%, 3.30%, 3.40%,
3.50%, 4.00%, 4.50%, 5.00%, 5.50%, 6.00%, 6.50%, 7.00%, 7.50%, 3.00%, 8.50%, 9.00%,
0,509, 10.009% NAb, or any range therein. In some instances, the cutoff value or reference

range is about 3.00% NAb or about 3.06% NAD or between about 3.00%-3.10% NAb.

{8138} In some embodimenis, all the autoantibodies to the anti-TNFa drug are neutralizing
antibodies and the sample is defined as baving 100% neutralizing anti-drug antibodies (NAb)
and/or (% non-neutralizing anti-drug antibodies (non-NAD). To these crubodiments, the level
of the free labeled TNFo measured in step (¢} is generally the same as the level of the free
iabeled TNFo in the control sample, and the autoantibodies are predicted to completely block
ot interfere with the binding between the anti-TNFqu drug and TNFa.

[813%9] In certain other embodiments, none of the autoantibodics to the anti-TNFa drug are
neutralizing antibodies and the sample is defined as having 100% non-NADb and/or 8% NAb.
In these embodiments, the level of the free labeled TNFa measared in step {¢) is gencrally

absent (e.g., undetectable) corapared to the level of the free labeled TNFo in the control
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sample, and the antoantibodies are predicted to not completely block or interfere with the

hindine between the anti-TNFa drug and TNFa.
24 £

{0146] In further embodiments, when both neutralizing and non-neutralizing forms of the
autoantibody are present in a sample, the percent of each species can be expressed on their
5 own{eg, 50% NAb or 50% non-NAb is defined as an equal proportion of NAb and non-
NAD in a sample) or as a ratio. In certain instances, the ratio is calculated by dividing the
ereent of NADb by the percent of non-NAb, or vice versa. Tn other instances, the ratio is

calculated by dividing the level of NAb by the level of non-NAb, or vice versa.

{8141} In some embodiments, the anti-TNFo drog is selected from the group consisting of
10 REMICADE™ (infliximab), ENBREL™ (etanercept), HUMIRA™ (adalimumab), CIMZIA®

{certolizumab pegol), SIMPONI” (golintumab; CNT( 148), and combinations thereof.

{8142} In other embodiments, the sampie is a whole blood, seram, or plasma sample, e.g.,
from a subject receiving anti-TNFa drug therapy. In preferred embodiments, the sample is
serum. In particular erobodiments, the subject has a TNFr-mediated disease or disorder such

P

15 8s, e.g., an autoinmoune disease {e.g., rheumatoid arthritis) or an inflanunatory discase {e.g,,
inflammatory bowel disease (IBD) such as Crobn’s disease (CD) or ulcerative colitis (UC)

)
7

[8143]  In certain embodiments, the sample has or 18 suspected of having an autoantibody to
the anti-TNFa drug. In other embodiments, the anti-TNFq drug autoantibody inchudes, but is
not limited to, human anti-chimeric antibodies (HACA), human anti-humanized antibodics

28 (HAHA), and human anti-mouse antibodies (HAMA), as well as combinations thereof.

{8144} In vet another particular aspect, the present invention provides a method for
determining whether a neutralizing form of an auntoantibody to a first anti-TNFa drug is
cross-reactive with g second (7.e., different) anti-TNFg drug, the method comprising:
{a) detecting or measuring the presence, level, or percent of a neutralizing form of
25 the antoantibody in a sample in accordance with an assay described herein to
determine whether the sample is positive or negative for the neutralizing form
of the avtoantibody; and
it the sample is positive for the neutralizing form of the autoantibody, then:

{b) contacting the sarople with 2 labeled sccond anti-TNFa drug to form a labeled

fad
<&

complex of the labeled second anti-TNFu drug and the neutralizing form of
the autoantibody (ie., wherein the components of the labeled complex are not

covalently attached to cach other);
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() subjecting the labeled complex to size exchusion chromatography to separate

the labeled complex (e.g., from free labeled second anti-TNFo drug); and

Ko
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detecting the labeled complex, thereby determining whether a neutralizing
form of an autoantibody to a first anti-TNFa drug is cross-reactive with a

second anti-TNFo drog.

[8145]  In certain embodiments, the presence of the labeled complex is an indication that
the neutralizing avtoantibody against the first anti-TNFo drug 18 cross-reactive with the
second anti-TNFu drug, i.¢e., the neutralizing autoantibody will inhibit the activity of both the

first and second anti-TNFu drugs.

18146]  In certain other embodiments, the absence of the labeled complex is an indication
that the neutralizing autoantibody against the first anti-TNFu drug 5 not cross-reactive with
the second anti-TINFo drug, i.e., the neutralizing autoantibody will not inhibit the activity of

the second anti-TNFo drug.

{81477  Tn particular embodiments, the first and second anti-TNFa drugs are indepedently
selected from the group consisting of REMICADE™ (nfliximab), ENBREL™ (etanercept),
HUMIRA™ (adalimumab), CIMZIA® {certolizumab pegol), SIMPONI" (golimumab; CNTQO

148}, and combinations thereof,

{6148} In other embodiments, the sample is a whole blood, serum, or plasma saraple, e.g..
from a subject recetving anti-TNFq drug therapy. In preferred embodiments, the sample is
serum. In particular embodiments, the subject has a TNFo-mediated disease or disorder such
as, e.g., an autoimnmune disease (e.g., thoumatoid arthritis) or an inflammatory disease (e.g.,

mflammatory bowel disease (IBD) such as Crohn’s disease (CD) or ulcerative colitis (UCH).

{8148} In certain embodiments, the sample has or is suspected of having an autoantibody to
the anti-TNFo drug. In other erobodiments, the anti-TNFu drug autoantibody includes, but is
not Hmited to, human anti-chimeric antibodies (HACA), mman anti-humanized antibodies

(HAHA), and human anti-mouse antibodies (HAMA), as well as combinations thereof.

{31587  In certain aspects, the assay methods of the present invention further comprise an
acid dissociation step coruprising contacting a sample with an acid prior to, during, and/or

atter contacting the sample with a labeled anti-TNFa drug and a labeled TNFa.

{8151} Methods for detecting anti-drug antibodies using acid dissociation are described
herein and in PCT Application No. PCT/UUS2012/025437, filed February 16, 2012, the

disclosure of which is herchy incorporated by reference in tts entivety for all purposes.

(43
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{8182} In certain other aspects, the assay methods of the present invention comprise
etecting the presence or level of one or more 1sotypes of a neuatralizing and/or non-
neutralizing form of an autoantibody to an anti-TNFo drug in a sample. As a non-limiting
example, the assays of the present invention can be used to determine different neutralizing
and/or non-neutralizing ADA isotypes in samples from ADA-positive patients receiving an
anti-TNFg drug such as REMICADE™ (inflicimab) or HUMIRA™ (adalimumab). In certan
embodiments, the one or more isotypes comprises a phurality of at feast two, three, four, five,
or more isotypes. In other ernbodirsents, the one or more sotypes is selected from the group
consisting of IgA, IgD, IgE, TG, and IgM isotypes, subclasses thereof, and cornbinations
thereof. In certain embodiments, cach autoantibody isotype is characterized, identified,
and/or detected by its retention time. In other embodiments, each autoantibody isotype is
characterized, identified, and/or detected upon a signal that is generated by the proximity
binding of detector moictics such as labeled anti-TNFg drug and labeled labeled anti-lg
antibodies specific for different antibody isotypes. In certain instances, the signal comprises

a fluorescent signal that can be detected by fluorescence resonance encrgy transfer (FRET).

{31831 Methods for detecting anti-drug antibody {ADA) isotypes are further described in
PCT Publication No. WO 2012/054532, the disclosure of which is hereby incorporated by

reference in its entirety for alf purposes.

{8154} A biologic (e.g., anti-TNFa drug) or bislogic binding moiety {e.g., TNFa) can be
labeled with any of a variety of detectable group(s). Tn preferred ernbodiments, the biologic
{e.g., anti-TNFg dmg) and the biologic binding moicty {e.g., TNFu) comprise different
iabels. In certain embodiments, a biologic {e.g., anti-TNFa drug) or biologic binding moiety
{e.g., TNFa) is labeled with a tlaorophore or a fluorescent dye. Non-limiting examples of
fluorophores or fluorescent dyes include those listed in the Molecular Probes Catalogue,
which is herein incorporated by reference (see, R. Haugland, The Handbook-4 Guide to
Fluorescent Probes and Labeling Technologies, 10" Edition, Molecular probes, Inc. (2005)).
Such exemplary fluorophores or fluorescent dyes include, but are not limited to, Alexa Fluor®
dyes such as Alexa Fluor™ 350, Alexa Fluor™ 405, Alexa Fluor™ 430, Alexa Fluor™ 488, Alexa
Fluor™ 514, Alexa Fluor™ 532, Alexa Fluor® 546, Alexa Fluor® 553, Alexa Fluor™ 568, Alexa
Fluor™ 594, Alexa Fluor™ 610, Alexa Fluor® 633, Alexa Fluor® 635, Alexa Fluor® 647, Alexa
Fluor™ 660, Alexa Fluor™ 680, Alexa Fluor® 700, Alexa Fluor® 750, and/or Alexa Fluor™ 790,
as well as other fluorophores inchuding, but not imited to, Dansyl Chloride (DNS-CH, 5-
{iodoacetamida)fluoroscein (5-1AF), fluoroscein S-isothiocyanate (FITC),

tetramethylrhodamine §- (and 6-nsothiocyanate {TRITC), 6-acryioyi-2-

4
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dimethylaminonaphthalene (acrylodan), 7-nitrobenzo-2-0xa-1,3,-diazol-4-y1 chloride (NBD-
Ch, ethidium bromide, Lucifer Yellow, S-carboxyrhodamine 6G hydrochloride, Lissamine
rhodamine B sulfonyl chlonde, Texas Red™ sulfonyl chlonide, BODIPY™, naphthalamine
sulfonic acids {e.g., 1-anilinonaphthalene-8-suifonic acid (ANS), 6-{p-toluidinylnaphthalen-
e-2-gulfonic acid {TNS), and the hike), Anthrovl fatty acid, DPH, Parinaric acid, TMA-DPH,
Fluorenyl fatty acid, fluorescein-phosphatidylethanolamine, Texas Red-
phosphatidylethanolamine, Pyrenyl-phophatidyicholing, Fluorenvi-phosphotidyicholine,
Merocyanine 540, [-(3-sulfonatopropyl)-4-[B-[2[{di-n-butylamino}-6
naphthylivinylpyridinturn betaine (Naphtyl Styryl), 3,3 dipropylthiadicarbocyanine (diS-Cs-
{5)), 4-(p-dipenty] aminostyryl)-l-methylpyridinium (di-5-AS8P), Cy-3 lodo Acetamide, Cy-5-
N-Hydroxysuccinimide, Cy-7-Isothiocyanate, rhodamine 800, IR-125, Thiazole Orange,
Azare B, Nile Blue, Al Phthalocyanine, Oxaxine 1, 47, 6~-diamidino-2-phenylindole {DAPT),
Hoechst 33342, TOTO, Acridine Orange, Ethidiurn Homodimer, N{cthoxycarbonylmethyl}-
6t-methoxyquinolinium (MQAE), Fura-2, Calcium Green, Carboxy SNARF-6, BAPTA,
coumarin, phytoftuors, Coronene, metal-ligand complexes, IRDye” 700DX, IRDye" 700,
RDye® S00RS, IRDye™ 800CW, IRDye™ 800, Cy3, Cv5.5, Cy7, DY 676, DY680, DY682,
DY780, and mixtures thereof, Additional suitable fluorophores include enzyme-cofactors;
ianthanide, green fluorescent protein, yellow fluorescent protein, red fluorescent protein, or
mgtants and derivates thereof. In one embodiment of the invention, the second member of

the specific binding pair has a detectable group attached thercto.

18155]  Typically, the fluorescent group is a finorophore selected from the category of dyes
comprising polymethines, pthalocyanines, cyanines, xanthengs, fluorenes, rhodamines,

coumaring, fluoresceins and BODIPY™,

{6156} In one cmbodiment, the fluorescent group s a near-infrared (INIR)} fluorophore that
emits in the range of between about 650 to about 900 nm. Use of near infrared fluorescence
technology s advantageous in biological assays as it substantially eliminates or reduces
background from auto fluorescence of hiosubstrates, Another benefit to the near-IR
fluorescent technology is that the scattered light from the excitation source is greatly reduced
since the scattering intensity is proportional to the inverse fourth power of the wavelength.
Low background fluorescence and low scatiering result in a high signal to votse ratio, which
is cssential for highly sensitive detection. Furthermore, the optically transparent window in
the near-IR region (630 nm to 900 nm) in biological tissue makes NIR fluorescence a
valuable technology for in vivo tmaging and subcellular detection applications that require the
transmission of light through biclogical cormponents. Within aspects of this embodiment, the

~
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fluorescent group is preferably selected form the group consisting of IRDye” 700DX,
IRDye™ 700, IRDye” 00RS, IRDye™ R00CW, IRDye” 800, Alexa Fluor”™ 660, Alexa Fluor”
680, Alexa Fluor® 700, Alexa Fluor® 750, Aloxa Fluor® 790, Cy5, Cya.5, Cy7, DY 676,
DY6R0, DY622, and DY780. In certain embodiments, the near infrared group is IRDye”
SO0CW, IRDye™ 800, IRDye® 700D, IRDye™ 700, or Dynomic DY676.

{31871 Fluorescent labeling is accomplished using a chemically reactive derivative of a
fluorophore. Common reactive groups jnchude amine reactive sothiocyanate derivatives
such ag FITC and TRITC {derivatives of fluorescein and rhodamine), amine reactive
succinimidyl esters such as NHS-fluorescein, and sulfhydryl reactive maleimide activated
fhiors such as fluorescein-S-maleimide, many of which are commercially available. Reaction
of any of these reactive dyes with a biologic (e.g., anti-TNFg drug) or biologic binding
moiety (e.g., TNFg) results in a stable covalent bond formed between a fluorophore and a

biologic (e.g., anti-TNFa drug) or biologic binding motety (e.g., TNFa).

[8158] In certain instances, following a fluorescent labeling reaction, it is often necessary
to remove any nonreacted fluorophore from the labeled target molecule. This is often
accomplished by size exclusion chromatography, taking advantage of the size difference

between fluorophore and labeled protein.

[8158] Reactive fluorescent dyes are available from many sources. They can be obtained
with different reactive groups for attachment fo various functional groups within the target
molecule. They are also available in labeling kits that contain all the components to carry out
a fabeling reaction. In one preferred aspect, Alexa Fluor™ 647 (2 maleimide is used from

{ovitrogen {Cat. No. A-20347).

{8168} Specific immunclogical binding of a neutralizing and/or non-neutralizing anti-drug
antibody {e.g., NADb and/or non-NAD) to g biologic {e.g., anti-TNFu drug) and/or biclogic
binding moiety {e.g., TNFa} can be detected divectly or indirectly. Direct labels incluode
fluorescent or luminescent tags, metals, dyes, radionuchides, and the like, attached to the
antibody. In certain instances, a biologic (e.g., anti-TNFg drug) or biologic binding moiety
(e.g., TWFq) labeled with different radionuctides can be used for determining the presence or
fevel of NAb and/or non-NAb in a sample. In other instances, a chemhiminescence assay
using chemilurninescent hiologic (e.g., anti-TNFu drug) and biologic binding motety (e.g.,
TNFo) is suitable for sensitive, non-radicactive detection of the presence or fevel of NAb
and/or non-NAD in a sarnple. In particular instances, a biologic {e.g., anti-TNFa drug) and

biclogic binding moiety {e.z., TNFa) labeled with different fluorochromes is sutable for
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detection of the presence or level of NAD and/or non-NAD in a sample. Exampies of
fluorochromes inchede, without limitation, Alexa Fluor™ dves, DAPL, fluorescemn, Hoechst
33258, R-phycocyanin, B-phycoerythrin, R-phycoerythrin, rhodamine, Texas red, and
lissamine. Secondary antihodies linked to fluorochromes can be obtained cormmercially, e.g,,
goat F(ab™), anti-human IgG-FITC is available from Tago Immunoclogicals {Burlingame,

CA).

{8161} Indirect labels include various enzymes well-known in the art, such as horseradish
peroxidase (HRP), atkaline phosphatase (AF), B-galactosidase, urease, and the like. A
horseradish-peroxidase detection system can be used, for example, with the chromogenic
substrate tetramethylbenzidine (TMB), which vields a soluble product in the presence of
hydrogen peroxide that is detectable at 450 o, An alkaline phosphatase detection system
can be used with the chromogenic substrate p-nitrophenyl phosphate, for example, which
vields a solable product readily detectable at 405 nm. Similarly, a B-galactosidase detection
system can be used with the chromogenic substrate o-nitrophenyl-3-D-galactopyranoside
{ONPG), which yields a soluble product detectable at 410 nm. An urease defection system
can be used with a substrate such as urea-bromocresol purple (Sigma Immunochemicals; St.
Lowuts, MO). A aseful secondary antibody linked to an enzyme can be obtained from a
number of commercial sources, e.g., goat Fab"y, anti-human 1gG-alkaline phosphatase can

be purchased from Jackson ImmuanoResearch (West Grove, PAL).

{81627 A signal from the direct or indirect label can be analyzed, for example, using a
spectrophotometer to detect color from a chromogenic substrate; a radiation counter to detect
radiation such as a gamma counter for detection of ' °1; or a fluorometer to detect
fluorescence in the presence of light of a certain wavelength, For detection of enzyme-linked
antibodies, a quantitative analysis of NAb and/or non-NAD levels can be made using a
spectrophotometer such as an EMAX Microplate Reader (Molecular Devices; Menlo Park,
CA} in accordance with the manufacturer’s instructions. If desired, the assays of the present
invention can be automated or performed robotically, and the signal from multiple samples

can be detected simmltancously.

{8163} In certain embodiments, size exclusion chromatography is used. The underlying
principle of SEC is that particles of different sizes will elute (filter) through a stationary
phase at different rates. This results in the separation of a solution of particles based on size.
Provided that all the particles are loaded sinniltaneously or near simuitaneously, particles of
the same size elute together. Each size exclusion column has a range of molecular weights
that can be separated. The exclusion lirit defines the molecular weight at the upper end of

17



1

30

WO 2013/006810 PCT/US2012/045794

this range and is where molecules are too large to be trapped in the stationary phase. The
permeation himit defines the molecular weight at the lower end of the range of separation and
is where molecules of 4 small enough size can penctrate into the pores of the stationary phase
corapletely and all molecules below this molecular mass are so small that they ehiic as a

single band.

[8164] In certain aspects, the eluent is collected in constant vohumes, or fractions. The
more stmilar the particles are in size, the more hikely they will be in the sarse fraction and not
detected separately. Preferably, the collected fractions are examined by spectroscopic
techniques to determine the concentration of the particles eluted. Typically, the spectroscopy
detection techniques useful in the present invention include, but are not limited to,
fluorometry, refractive index (RI), and ultraviolet (UV). In certain instances, the clution
volume decreases roughly linearly with the logarithm of the molecular hydrodynamic volume

(i.e., heaver moteties come oft first),

{31651 Tn a further aspect, the present invention provides a method for monitoring and/or
optiraizing therapy to a biologic in a subject recciving a course of therapy with the biologic,
the method comprising:

{(a) detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the biologic in accordance with the assay described herein
at a plurality of time points over the course of therapy;

(b) detecting a change in the presence, level, or percent of the neutralizing form of

the antoantibody over time; and

(c) deterraining a subscquent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the presence, level, or percent of the newtralizing

form of the autoantibody over time.

{0166]  In cortain embodiments, the plurality of time points comprises at least 2, 3, 4, §, 6,

7,8,9, 10, 11, 12, 13,14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more time points,

{81671 In one particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to a biologic in a subject receiving a course of therapy with the
biologic, the method comprising:

(a) measuring the level or percent of a neutralizing form of an autoantibody to the

biologic in a first sample from the subject as described herein at time point tg;
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(b} measuring the level or percent of the neutralizing form of the autoantibody in
a second sample from the subject as described herein at timne point ;3

{c) optionally repeating step (b) with » additional samples fromo the subject at tirse
points t,.;, wherein » is an integer from 1 to about 25 (e, nig 1,2, 3,4, 5, 6,
7.8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any
range therein);

(< detecting a change in the level or percent of the neutralizing form of the
autoantibody from time points t (o {; or from time points { 10 ty; and

determining 8 subsequent dose of the course of therapy for the subject or

~~
[’]
!

whether a differcut course of therapy should be administered to the subject
based upon the change in the level or percent of the neutralizing form of the

autoantibody over time.

[3168] Tn certain other embodiments, the level or percent of the neutralizing form of the
autoantibody (e.g., NAb) is measured during the course of biologic drug therapy at one or
more (e.g., a phurality} of the following weeks: 1,2,3, 4,5, 6,7, 4,9, 10, 11, 12, 13, 14, 135,
16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, S0, 52, 54, 56, 38, 60,
62, 64, 66, 68, 70, 80, 90, 100, efc.

[8169]  In some embodiments, determining a subsequent dose of the course of therapy for
the subjoct comprises maintaining, increasing, or decreasing a subsequent dose of the course
of therapy for the subject. In other embodiments, determining a different course of therapy
for the subject comprises treatment with a differeut biclogic drag. In other embodiments,
determining a different course of therapy for the subject comprises treatment with the current
course of therapy along with another therapeutic agent. In further embodiments, determining
a different course of therapy for the subject comprises changing the current course of therapy

(e.g., switching to a different biologic or to a drug that targets a differcnt mechanism).

{0176}  In particular embodiments, an increase in the level or percent of the neutralizing
form of the autoantibody (e.g., NAb) over time is an indication that treatment adjustroent
should be recommended for the subject. In certain other embodiments, a change from an
absence of the neutralizing form of the autoantibody {(e.g., NAb) to the presence thercof over
time is an indication that treatroent adjustment should be recommended for the subject. 1n
these embodiments, the subject can be treated with the current course of therapy {e.g., taking
the existing biologic) along with one or more other therapeutic agents. In certain alternative

erobodirents, the subject can be switched to a different biclogic. In certain other alternative
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embodiments, the subject can be switched to a drug {e.g., biologic and/or non-biclogic) that

targets a different mechanism.

{8171} In an additonal aspect, the present invention provides a method for optimizing
therapy and/or reducing toxicity in a subject receiving a course of therapy with a first
biologic, the method comprising:

{a) determining whether a neutralizing forro of an autoantibody to the first
biologic is cross-reactive with a second (7., different) biologic by detecting or
measuring the presence, level, or percent of a neutralizing form of the
autoantibody in a sample from the subiect in accordance with an assay
described heremn; and

{b) determining that a different course of therapy should be admimstered to the
subject if the neutralizing form of the autoantibody is cross-reactive with the

second biologic.

{81721 Tn cortain embodiments, determining that a different course of therapy should be
admuinistered comprises switching to a drag {e.g., biologic and/or non-biologic) that targets a

different mechanism.

{8173} In some embodiments, the method further comprises determining that a subsequent
dose of the carrent course of therapy be increased or decreased, or that a different course of
therapy should be administered to the subject if the neutralizing form of the autoantibody 15
not cross-reactive with the second biologic. In certain instances, the different course of
therapy comprises treatment with the second biologic. In certain other instances, the different
course of therapy comprises treatrnent with the first or second biologic along with one or

more other therapeutic agents.

{6174} In one particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to an anti-TNFo drag in a subject receiving a course of therapy
with the anti-TNFo drug, the method comprising:

{a} detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the anti-TNFu drug in accordance with the assay described
herein at a plurality of time points over the course of therapy;

(hy detecting a change in the presence, level, or percent of the neutralizing form of
the autoantibody over time; and

() determining a subsequent dose of the course of therapy for the subiect or

whether a difterent course of therapy should be administered to the subject
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based upon the change in the presence, level, or percent of the neutralizing

form of the antoantibody over time.

[8175] In certain embodiments, the plurality of time points comprises at least 2, 3, 4, §, 6,

7,8,9, 10, 11, 12, 13,14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more time points,

{6176}  In another particular aspect, the present invention provides a method for monitoring

and/or optimizing therapy to an anti-TNFg drug in a subject recetving a course of therapy

with the anti-TNFou drug, the method comprising:
(a) measuring the level or percent of a neutralizing form of an autoantibody to the
anti-TNFe drug in a first sample from the subject as described herein at time
point to;

{b) measuring the level or percent of the neutralizing form of the autoantibody 1o
a second sample from the subject as described herein at time point &3

{c} optionally repeating step (b) with » additional samples from the subject at time
points ty.1, wherein # 18 an integer from | to abouwt 25 (g, nis 1, 2,3, 4,5, 6,
7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any
range therein);

{(h detecting 8 change in the level or percent of the nentralizing form of the
autoantibody from time points tp 1o t; or from time points t, 1o t,q; and

determining a subsequent dose of the course of therapy for the subject or

-~
o
N

whether a different course of therapy should be administered to the subject
based upon the change 1o the level or percent of the neuatralizing form of the

autoantibody over time.

[8177] In certain other embodiments, the level or percent of the neutralizing form of the
autoantibody (e.g., NAD) 1s measured during the course of anti-TNFa drag therapy at one or
more (e.g., a phivality} of the following weeks: 1,2,3,4,5,6,7,8, 9,10, 11, 12,13, 14,15,
16,17, 18, 19,20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 43, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 80, 90, 100, eic.

{8178} In some embodiments, determining 8 subsequent dose of the course of therapy for
the subject comprises maintaining, increasing, or decreasing a subsequent dose of the course
of therapy for the subject. In other erabodiments, determining a different course of therapy
for the subject comprises treatment with a different anti-TNFu drug. In other embodiments,
determining a different course of therapy for the subject comprises treatment with the current

course of therapy along with another therapeutic agent inchuding, but not linuted to, an anti-
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TNF therapy, an immunosuppressive agent, a corticosteroid, a drug that targets a different
mechanism, a nutrition therapy, and other combination treatments. Tn further embodiments,
determining a different course of therapy for the subject comprises changing the current
course of therapy (e.g., switching to g different anti-TNF drug or to 2 drug that targets a
different mechanism such as an [L-6 receptor-inhibiting monocional antibody, anti-integrin
molecule (e.g., Tysabri, Vedaluzamab), JAK-2 inhibitor, and tyrosine kinase inhibitor, orto a

nutritition therapy {(e.g., special carbohydrate dict)).

{8179] In particular embodiments, an increase in the level or percent of the neutralizing
form of the autoantibody {e.g., NAb) over time is an indication that treatment adjustment
should be recommended for the subject. In certain other embodiments, a change from an
absence of the neutralizing form of the awtoantibody {(e.g., NAb) to the presence thereof over
time 18 an indication that treatment adjustment should be recommended for the subject. In
these embodiments, the subject can be treated with the current course of therapy (e.g., taking
the existing anti-TNFu drug) along with oune or more immunosuppressive agents such as, e.g.,
methotrexate (MTX) or azathioprine (AZA). In certain alternative embodiments, the subject
can be switched to a different anti-TNFo drug. In certain other alternative embodiments, the
subject can be switched to a drug that targets a different mechanism {e.g., a non-anti-TNFa

drug).

[6188]  In yot another particular aspect, the present invention provides a method for
optimizing therapy and/or reducing toxicity in a subject receiving a course of therapy with a
first anti-TNFa drug, the method comprising:
(a) determining whether a neutralizing forre of an autoantibody to the fivst anti-
TNFa drug is cross-reactive with a second (7e., different) anti-TNFg drug by
detecting or measuring the presence, level, or percent of a neutralizing form of
the autoantibody in a sample from the subject in accordance with an assay
described herein; and
{b) determining that a different course of therapy should be administered to the
subject if the neutralizing form of the autoantibody is cross-reactive with the

second anti-TNFa drug.

{8181} In certain embodiments, determining that a different course of therapy should be
administered comprises switching to a drug that targets a different mechanism (e.g., a non-
anti-TNFo drug). Non-limiting examples of such drugs include an TL-6 receptor-inhibiting

monoclonal antibody, anti-integrin molecule {e.g., Tysabri, Vedaluzamab), JAK-2 mhibitor,
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tyrosine kinase inhibitor, a nutritition therapy {e.g., special carbohydrate diet), and mixtures

thereof,

[8182]  In somwe embodiments, the method further comprises determining that a subsequent
dose of the current course of therapy be increased or decreased, or that a different course of
therapy should be administered to the subject if the nentralizing form of the autoantibody is
not cross-reactive with the second anti-TNFa drug. In certain instances, the different couarse
of therapy comprises treatment with the second anti-TNFa drug. In certain other instances,
the different course of therapy comprises treatment with the first or second anti-TNFa drug

along with one or more immunosuppressive agents such as MTX or AZA.

18183] Methods for detecting anti-TNFa drags and anti-drug antibodics are further
described in PCT Publication No. W0 2011/056590, the disclosure of which is hereby

incorporated by reference in #s entirety for all purposes.

{3184} In certain instances, the present invention may further comprise administering to a
subject a therapeutically effective amount of a course of therapy such as ap anti-TNFa drug
ot a drug that targets a differcot mechanisro (e.g., a non- anti-TNFo drug) useful for treating
one or more symptoms associated with a TNFa-mediated disease or disorder {(e.g., IBD such
as CD or UC). For therapeutic applications, the course of therapy can be administered alone
or co-administered in combination with one or more additional agents as described herein,
As such, the present invention advantageously enables a clinician to practice “personalized
medicine” by guiding treatment decisions and informing therapy selection and optimization

for anti-TNFa drugs such that the right drug is given to the right patient at the right time.
V.  Acid Dissociation

{0185} In certain aspects, the assay methods of the present invention further coraprise an
acid dissociation step, e.g., to enable equilibration of imnwune complexes for measuring the
presence or fevel of neutralizing autoantibodies (NAD), non-neutralizing autoantibodies {non-
NAb), and/or isotypes thereot that are generated against biologics such as anti-TNFa drugs.
As aresult, the presence or level of NAb and/or non-NAD to a biologic (e.g., anti-TNFo drug)
administered to a subject in need thereof can be measured without substantial interference
from the administered biologic that is also present in the subject’s sample. In particular, a
subject’s sarople can be incubated with an araount of acid that 15 sufficient to provide for the
measurement of the presence or level of NAb and/or non-NAb in the presence of the hiologic

{e.g., anti-TNFa drug) but without substantial interference from high biologic drug levels.
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{8186} In some embodiments, step (a) of the assay methods of the present invention may

cornprise:

(a’)  contacting the sarople with an acid to dissociate preformed complexes of the
autoantibody {e.g.. including neutralizing and/or non-neutralizing forms
thereot) and the biologic (e.g., anti-TNFo drug);

(b’)  contacting the sample with a labeled biologic {e.g., anti-TNFg drug) and a
labeled biologic binding motety {(e.g., TNFa) following dissociation of the
preformed complexes; and

{¢’y  neutralizing the acid 1 the sample to form:

(1) a first labeled complex of the labeled biologic (e.g., anti-TNFo drug)
and the autoantibody; and/or

(1)  asecond labeled complex of the labeled biologic (e.g., anti-TNFq
drug), the labeled biologic binding moiety {(e.g., TNFa)}, and the

autoantibody.

{8187} In some alternative embodiments, steps (37) and (b) are performed simultancously,
e.g., the sample is contacted with an acid, 3 labeled bislogic (e.g., anti-TNFg drug), and a
labeled biclogic binding moiety {e.g., TNFq) at the same tirse. In other alternative
erobodiments, step (b") is performed prior to step (17), e.g., the sample is first contacted with
a labeled binlogic {e.g., anti-TNFo drug) and a labeled biologic binding moiety {e.g, TNFqg),
and then contacted with an acid. o further erobodiments, steps (b7} and (¢7) are performed
simultancously, e.g., the sample 18 contacted with a labeled biologic (e.g., anti-TNFu drug)
and a labeled biologic binding moicty (e.g., TNFg) and neutralized (e.g.. by contacting the

sample with one or more neutralizing agents ) at the same time.

[8188] In particular embodiments, the sample is contacted with an amount of an acid that is
sufficient to dissociate preforrued complexes of the autoantibody and the biologic (e.g.. anti-
TNFa drug), such that the labeled biologic binding moiety (e.g., TNFg), the labeled biologic
(e.g., anti-TNFa drug), the uniabeled biologic (e.g., anti-TNFg drug), and the autoantibody to
the biologic {2.g., anti-TNFa drug) can equilibrate and form complexes therebetween. Tn
certain erobodiments, the sample can be contacted with an arsount of an acid that 15 sufficient
to allow for the detection and/or measurement of the autoantibody in the presence of a high

level of the biologic (e.g.. anti-TNFa drug).

[8188]  In some embodiments, the phrase “high level of a biclogic” such as 8 high level of

an anti-TNFg drug includes drag levels of from about 10 to about 100 pg/mL, about 20 0
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about €0 wg/ml, about 30 to about 70 ug/ml, or about 40 to about 20 pg/ml. In other
embodiments, the phrase “high level of a biclogic” such as a high level of an anti-TNFo drug
includes drug levels greater than or equal to about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100

pe/mi.

[8198] In some embodiments, the acid comprises an organic acid. In other erabodiments,
the acid comprises an inorganic acid. In further embodiments, the acid comprises a mixture
of an organic acid and an inorganic acid. Non-limiting examples of organic acids include

citric acid, socitric acid, glutamic acid, acetic acid, lactic acid, formic acid, oxalic acid, uric
acid, trifluoroacetic acid, benzene sulfonic acid, aminomethanesuifonic acid, camphor-10-

sulfonic acid, chloroacetic acid, bromoacetic acid, iodoacetic acid, propansic acid, butancic
acid, glyceric acid, succinic acid, malic acid, aspartic acid, and combinations thereot. Non-
Hrotting exaraples of morganic acids include hydrochioric acid, nitric acid, phosphoric acid,

sulfaric acid, boric acid, hydrofluoric acid, hydrobromic acid, and combinations thereof.

{8191} In certain embodiments, the amount of an acid corresponds to a concentration of
from abowt 0.01M to about 10M, about §.1M to about 5M, about §.1M to about 2M, about
0.2M to about 1M, or about 8.25M to about 8.75M of an acid or a mixture of acids. In other
emmbodiments, the amount of an acid corresponds to a concentration of greater than or equal
to about 0.01M, §.05M, 0.1M, 0.2M, 0.3M, §.4M, 0.5M, 0.6M, 0.7M, 0.8M, (.9M, 1M, 2M,
3M, 4M, SM, 6M, TM, &M, 9M, or 10M of an acid or a mixture of acids. The pH of the acid
can be, for example, about 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,4.0, 4.5, 5.0, 5.5, 6.0, or 6.5,

8192} Insome embodiments, the sample s contacted with an acid an amount of time that
is sufficient to dissociate preformed complexes of the antoantibody and the biologic {2.g.,
anti-TNFo drug). In certain instances, the sample is contacted (e g, incubated) with an acid
for a period of time ranging from about 8.1 hours to about 24 hours, about 8.2 hours to ahout
16 hours, about (0.5 hours to about 10 hours, about 0.5 hours to about 3 hours, or about 0.5
hours 1o about 2 hours. In other instances, the sample is contacted {e.g., incubated) with an
acid for a period of time that 15 greater than or equal to about 0.1,0.2,0.3,04, 0.5, 0.6,0.7,
08,09, 1,15 2,25, 3,35,4,45,5 6,7, 8,9, or 10 hours. The sample can be contacted
with an acid at 4°C, room temperature (RT), or 37°C.

{8183} In certain embodiments, the step of neutralizing the acid comprises raising the pH of
the saraple to allow the formation of first and/or second labeled complexes described herein.
In some embodiments, the acid 18 neutralized by the addition of one or more neutralizing

agents such as, for example, strong bases, weak bases, buffer solutions, and combinations
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thereof. One skilled in the art will appreciate that neuvtralization reactions do not necessarily
imply a resultant pH of 7. In some instances, acid neotralization results in a sample that is
hasic. To other instaunces, acid neutralization results 1o a sarople that is acidic (but higher than
the pH of the sample prior to adding the neutralizing agent). In particular embodiments, the
neutralizing agent comprises a buffer such as phosphate buffered saline (e.g., 10x PBS)ata

pH ot about 7.3,

{0194} In some embodiments, step (b”) further coraprises contacting an internal control
with the sample together with 2 labeled biologic (e.g., anti-TNFg drug) and a labeled biologic
binding moicty {e.g., TNFa} (e.g., before, during, or after dissociation of the preformed
complexes). In certain instances, the internal control comprises a labeled internal control
such as, e.g., Biocytin-Alexa 488, Tn certain other instances, the amount of the labeled
internal control ranges from about 1 ng to about 25 ng, about § ng to about 25 ng, about 5 ng
to about 20 ug, about I ng to about 20 ng, about 1 ng to about 10 ng, or about | ng to about §
ng per 100 ul of samiple analyzed. To further instances, the amount of the labeled mternal
contro} is greater than or equal to sbout 1 ng, 5 ng, 10 ng, 15 ng, 20 ng, or 25 ng per 160 puL

of sample analyzed.

[0185]  As one non-linuting example of the methods of the present invention, samples such
as serum samples (e.g., serurn from subjocts receiving therapy with an anti-TNFo drug such
as Remicade (IFX)) can be incubated with 0.5M citric acid, pH 3.0 for one hour at room
temperature. Following the dissociation of preformed complexes between (unlabeled) anti-
TNFa drag and autoantibodies to the anti-TNFa drug (e.g.. anti-drug antibodies such as anti-
{FX antibodies (ATh)), labeled anti-TNFu drug {e.g., IFX-Alexa 48R}, labeled TNFa (e.z.,
ThNFo-Alexa 5323, and optionally an internal control can be added and the reaction mixture
{e.z., inmediately) nentralized with a neutralizing agent such as 10x PBS, pH 7.3. After
neutralization, the reaction mixture can be jncubated for another hour at room teraperature
{e.g., on a plate shaker) to allow equilibration and o complete the reformation of immune
complexes between the labeled TNFa, the labeled anti-TNFa drug, the unlabeled anti-TNFu
drug, and/or the aotoantibody to the anti-TiNFe drug. The samples can then be filtered and

analyzed by SEC-HPLC as described herein.

{8196} In particular embodiments, the methods of the present invention {e.g., comprising
acid dissociation followed by homogeneous solution phase binding kinetics ) significantly
increases the IFX drug tolerance such that NADb and/or non-NAD ATI can be measured in the
presence of IFX ap to about 60 pg/mL. In other words, the methods of the present mvention
can detect the presence or level of NAD and/or non-INAD to anti-TNFa drogs such as ATT as

46



1¢

5

WO 2013/006810 PCT/US2012/045794

well as autoantibodies to other anti-TNFa drugs in the presence of high levels of anti-TNFg

drags (e.g., IFX), but without substantial interference therefrom.

{6197}
described in PCT Application No., PCT/

Methods for detecting anti-drug antibodies using acid dissociation are further
US2012/025437, filed February 16, 2012, the

disclosure of which is hereby incorporated by reference in its entirety for all purposes.
Y. Bislogic Therapy

{3198} The assays of the present invention are suitable for detecting and/or measuring the
presence or absence {e.g., whether positive or negative), level, or percent of neutralizing
and/or non-neutralizing autoantibodies to any biologic in g sample from a subject (e.g., a
subject receiving biologic therapy). Non-limiting examples of biclogics include antibodies,
antibody fragments, proteins, polypeptides, peptides, fusion proteins (e.g., Ig fusion proteins
or F¢ fusion proteins), multivalent binding proteins {e.g., DVD Ig), antibody-drug conjugates,
vaccines, nucleic acids, sugars, recombinant forms thereof, engincered forms thereof, and

combinations thereof

{31991 Examples of antibody-based biclogics include, but are not limited to, therapeutic
monoclonal antibodies and antigen-binding fragrments thereof. In particular embodiments,
the antibody comprises an anti-TNFo drug such as REMICADE™ (infliximab), HUMIRA™
(adalimumab), CIMZIA® {(certolizumab pegol), SIMPONI® (goliraumab; CNTO 148), or
combinations thercof, Additional examples of antibody-based biclogics include antibody-
drug conjugates such as Adcetris™ (brentuximab vedotin}. Table 1 provides an exemplary
fist of therapeutic monoclonal antibodies which have cither been approved or are currently in
development. An extensive list of monocional antibody therapeutics in clinical development
and approved prodacts is provided in the 2006 PhRMA Report entitled “41R8 Biotechnology

Medicines in Testing Promise to Bolster the Arsenal Against Disease,” the disclosure of

which is hereby incorporated by reference in its entirety for all purposes.

TABLE 1

Therapeutic monocional antibodies

Product Name Comwpany indication{s)

joflammatory Diseases

Remicade™ (infliximab) Janssert Biotech, Inc. Crobn's disease

ABT 87 4 Abbott Laboratories Crobn's disease

Stelara® (ustekinummab) Janssen Rigtech, Inc. Crobrd's discase

Abbott Laboratories

Humira™ {adalinmab)

Crobr's discase

MDX-1 160

Milleninium Pharmaceuiicals

Nuvien® {visilizurnab)

PDL BioPharma

ulcerative colitis
rac

S
OX

LY. steroid-refractory nlcorative
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TABLE1

Therapeutic monocional antibodies

Product Name

Company

Indication(s}

colitis and Crobn's disease

Tysarhi® (natab zumab)

Biogen ldec

Crohm's disease

Simponi® {golimomab)

Janssen Biotech, Inc.

uvelis

Autsimomunoe disorders

Huraira™ (adaliroumab)

Abbott Laboratories

rhenmatold arthritls, ankylosing
spondylitis, juvenile rheumatoid
arthritis, psoriasis

rai

Remicade™ (infliximab}

Janssen Biotech, Inc.

rhewmatold arthritis

Rimapoeni® {golirarmab)

Janssen Biotech, Inc.

rheumatoid arthritis, ankylosing
spondylitis, psoriatic arthritis

Rituxan® (rituximnab}

Genentech
Biogen Idec

rheuruateid arthertis, lupus, prirmary
progressive multiple sclerosis,
SLE, relapsing-remitting muitiple
sclerosis

Tysarbi® (natalizumab)

Biogen Idec

muitiple scleorisis

Stelara® (ustekinurab)

Janssen Biotech, Inc.

plague psoniasis, roudtiple sclerosis

ART 874

Abbott Laboratories

muitiple sclerosis

Actomra Roche rheurnatoid arthetis
AME 527 Applied Molecular rheurnatoid arthetis
AMG 108 Arngen rheurnateid arthetis
AMG 714 Arngen rheurnateid arthetis

anti-CD16 MAb

Macro(renics

immune thrombocyiepenic

daclizumab (anti-CD25 MAb)

PDL BioPharma
Biogen Idec

muitiple sclerosis

devosumiab (AMG 162} Amgen rheumatoid arthritis
ET1-201 Flusys Therapeutics SLE
HuMax-CD20 {olaturmumab) Genroab rhevmatold arthritis

HuZAF™ (fontolinmmab)

P BioPharma
Biogen Idec

b
rhevinatoid arthritis

IMMU-106 (hCD206)

Imnunomedics

autoimmune disease

LymphoStat-B™ (helimumab)

Human Genome Sciences

rheumatoid arthritis, SLE

MEDI-545 (MDX-1103) Medarex lupus
Medlromune
siphizoraab (MEDH-30T) Medimmune pROTidsis

MEN 1202

Millennivm Pharmaceuticals

minitiple sclerosis

ocrelizumab {anu-CD20)Y (R1594) Genentech multiple sclerosts, rheumatoid
Biogen Idec arthritis
Roche
OKT3-gamma-{ Johnson & Johnson psoriatic arthritis
TRX | (anti-CD4) TolerRx cutaneous lupus erythematosus
TRX 4 TolerRx psoriasis

Infectious diseases

Synagis® (palivizumab)

Medlmmune

prevention of respiratory syncyiial

MDX-066 (CDA-1)

Medarex

C. difficile disease

arti-HIV-1 MAD

Polyroun deientifie

HEV' infection

CCRS MAb

Hunan Genome Sciences

HIV infecuon

Cytolin® (aoti-ChE MAb)

Cytollvn

HIV infecuon

NM}

SED Pharmaceuticals

HIV infection

PRO 140

Progenics Pharmaceuticals

HIV infection

TNX-353

Tanox

HIV infecuon
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TABLE 1
Therapeutic monociong! antibedics
Product Name Company Indication{s)
ABthrax™ {raxibacumab) Hursan Genowe Sciences anthrax
Authira ™ ETER204) Hlusys Therapeutics anthrax
anti-hsp2¢ MAb NeuTec Pharma candidiasis

anti-staph MAb Medimmune prevention of staphylococcal
infections
Aurexis (tefibazumab) Inhibitex prevention and treatment of S.

aureus bacteremia

Biogen Idec

bavituximab Peregrine Pharnwaceuticals hepatitis C
MDX-1303 Medarex anthrax
PharrnAthens
Numax™ {motavizumab) Medimmune RSV
Tarvacin™ Peregrine Pharmaceuticals hepatitis C
XTL 6865 XTL Biopharoaceuticals hepatitis C
Caocer
Avastin™ (bevacizumab) Genentech metastatic colorectal cancer
Bexxar® {(tositunomab) GlaxoSmith¥line non-Hodglkin's lymphoma
Campath® (alomiuziimab) Berlex Laboratoric B-cell chronic lymphocytic
Genzyme levkemia
Erbitux™ (cetuximab) Bristol-Myers Squibb colorectal cancer, squarnous cell
Medarex cancer of the head and neck
Herceptin® (Irasturimab) Genentech HER2-overexpressing carly stage
or metastatic breast cancer
Mylotarg™ (gemtuzumab Wyeth acute niyeloid leukemia
QZOZAMICINng
Rituxan® (rituximab} Genentech B-cell non-Hodgkin's lymphonia,

indolert non-Hodgkin's lyrophoma
induetion therapy, relapsed or
refractory CLL

Zevali™ {(tbhritumeomab tiuxctan)

Biogen Idec

Mon-Hodgkin's tymphoma

1311-huA33

Life Science Pharmaceuticals

colorecial cancer

1DOSC3

GPC Biotech

relapsed/refractory B-cell
lviphomas

AGR PSCA MAb Agensys prostate cancer
Merck

AMG 102 Arggen cancer

AMG 479 Arggen caneet

AMG 623 Aragen B-cell chronie tymphocoytic
leukemia (CLL)

AMG 655 Amgen cancer

AMG 706 Amgen imatinib-resistant GIST, advanced
thyroid cancer

AMG 706 Amgen imatirdb resistant GIST, advanced

thyroid cancer

anti-CD23 MAb

Biogen Idec

LI

anti-CD8G MAD

Biogen Idec

non-Hodgkin's B-cell lymphoma

anti-idiotype cancer vaceing

Viventia Biotech

malignart melanoma

anti-lyrophotoxin beta receptor
MAb

Riogen Idec

sohid tumors

ant-PEM MAb

Soroanta Pharmaceuticals

CanCer

anti-Tac{Fv-£38 immmunetoxin

National Cancer Institute

leukemia, lyruphoma

Avastin® (bevacizuroah)

Genentech

relapsed metastatic colorectal
cancer, {irst line metastatic breast
cancer, first-line non-sguamous
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TABLE 1
Therapeutic monocional antibodies
Product Name Company Indication{s)
NSCLC cancers

AVE 9633 mayviansin-loaded anti-

CD33 MAb

Sanofi Avenils

AML

bavituximab

Peregrine Pharmaceuticals

solid cancers

CAT 35388

Cambridge Antibody Technology

hairy cell leukemia

chimeric MADb

National Cancer Institute

neureblastoma

siltuximab {CNTO 328}

Janssen Biotech, inc.

renal cancer, prostate cancer,
muitiple myeloma

Cotara ™

Peregrine Pharnwaceuticals

brain cancer

bivatuziimab

BOChX inger Ingelheim
aceuticals

cancer

CP-751871 {fgitumurmab)

adrenocortical carcinoma, non-

sroall cell lung cancer

{S-1008 (tigatunmnab)

Pratichd Sankyo

pancreatic cancer, colomctal
Cancer, non-g n.ll cell lung cancer,
OVariarn cancer

BrovaRex™ ViRexx breast cancer, rouliiple mveloma
deposumab Amgen bene loss induced by hormone

ablation therapy for breast or
prostate cancer, prolonging bone
metastases-free survival, bone
metastases in breast cancer

ecromeximab

Kyowa Hakko USA

malignant melanoma

EMI} 273063

EMD Lexigen

solid tumors, roalignant meelanoma,
neurcblastoma, SCLC

Erbitax™

Bristol Myers Squibb

head/meck cancer, firsi-hne
palicreatic, tirst-line NSCLC,
second-iine NSCLC, first ine
colorectal cancer, second-lne
colorectal cancer

GMK

Progenies Pharuaceuticals

prevertion of recurrence following
surgery 1o remove primacy
melanoma in hlgzm isk patients

Campath® (alomtuzimab)

National Cancer Institute
Rerlex Laboratories

leukemia, lyrophoma

HGS-ETR1

Human Genome Sciences

hematologic and solid tumors

HGS ETR2 {(mapatumumab)

Human Genome Sciences

hematologic and solid tumors

HGS-TR2J

Human Genome Sciences

advanced solid tumors

Hu(242-DM4

ImmunoGen

colorectal, gastrointestinal,
NSCL{, pancreatic cancers

HuMax-CD4 (zanolimumab) Genmab cutaneous T-cell lymphoma, non-
Serono cutansous T-cell Ivmuphorna
HiuMax CD20 {ofatumumab) Gerpnab CLL, non-Hodgkin's yraphoma
HubMax-EGFr Gennab head and neck cancer
hulogL-DMI ImraunoGen SCLLC muitiple myeloma

ipthmumab

1

Bristol-Myers Squibb
Medarex

melanema maonotherapy, loukemia,
Ivmphoma, ovanan, prostate, reral
cell cancers, melanoma (MCX-010
+/- DTIC), second-line metastatic
melanoma (MEX-010 disomotide/
overraotide MDX-1379)

M19S-bismuth 213 conjugate

Actinium Pharmaceuaticals

AML

M20G (volocixirnab)

PDL BioPharma Fremont, CA
Biogen Idec Cambrnidge, MA

advanced solid tumors
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TABLE 1
Therapeutic monocional antibodies
Product Name Company Indication{s)

MaAb Heli-1

al

National Cancer Institute
Bethesda, MD

Tvmphoma, non-Hodgkin's
lymphoma

MPX-060 (iratumunab} Medarex Hodgkin's discase, anaplastic large-
celi-lymaphoma

MDX-070 Medarex prostate cancer

MDX-214 Medarex ECFR-expressing cancers

MEDI-522

Medlmmune

T-cell lymphoma, melanoma,
prostate cancer, solid tumors

MORAD 603 Morphotek OQVATIaN Cancer
MORAD 009 Morphotek mesothelin-expressing turaors
neuradiab Bradmer Pharmaceuticals glioblastorna

nimotununab

YM Biosciences

A1

squamious cell carcinomas of the
hiead and neck, recurrent or
refractory ligh grade malignant
glioma, anaplastic astrocyiomas,
glichlastomas and diffuse airinsic
pontine glioma

Ommnitarg™ (pertuzumab) Genentech QVarian cancer
Ovalex® (oregovomab) /iRexx MAb OVarian cancer
PAM 4 Merck pancreatic cancer
panitumummab tHuMADb EGEn) Abgenix colorectal cancer

PSMA-ADC

Progenics Pharmaceuticals

prosiaie cancer

R1550 RadioTheraCIM

Roche
YM BioSciences

mtastatic breast cancer, glioma

RAV 12 Raven Biotechnologies cancer
Rencarex® (G250 Wilex AG renal cancer
SGN30 Seattle Genetics cutaneous ai*aplaf«;tic large-cell

MAD lyrphoma, systernic
anaplastic large-cell lyrophowma,
Hodgkin's disease

SGN-33 (nturumab)

Seattle Genetics

AMLU, myelodysplastic syndromes
CLL mmitiple myeloma, non
Hodgkin's lyimphoma

RGN-44

Seattle Genetics

AML., myelodysplastic syodromes
CLL multiple myeloma, non
Hodgkin's lymphoma

sibroturtunab

Life Seience Pharmaceuticals

colorectal, head and neck, hung
CACETS

Tarvacin®™ (havituximab}

Peregrine Pharmaceuticals

solid tumors

frernelimurmab

Plizer

metastatic reclanoma, prostate
CAncer

TNX-650

Tanox

vafractory Hodghin's lymohoma

Zevalin ™ ({britumornab tiuxetan)

Spectrum Pharmaceuntioals

uon-Hodgkin's lymphoma

Blooed diserders

ReoPro® (abciximab)

Fli Lilly

adjunct 1o percutansous corenary
intervention for the prevention of
cardiac ischemic complications

urtoxazumab Teijin Pharma hemolylic uremic
afelimomab Abbot Laboratories sepsis, septic shock
cculizumab Alexion Pharmaceuticals paroxysmal nocturnal

hemmoglobinurea

Cardiovascular disease

MEN 1202

Millennium Pharmaceuiicals

pexelizumab

Alexion Pharnmaceuticals

acite myocardial infarciion,
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TABLE 1
Therapeutic monocional antibodies
Product Name Company Indication{s)

Procter & Gamoble Pharmaceuaticals | cardiopulmonary bypass
Y0

Biabetes and Related Conditions

ant1-CD3 MAbL

MacroGenics

OKT3-camma- |

Johnson & Jobnson

TRX 4 (anti-CD3)

TolerkRx

Genetic Diserders

Soliris™ (eculizumab)

Alexion Pharmaceuticals

paroxysmal nocturnal
hermoglobimuia (PNH)

Neurslogical Disorders

RN624 Rinat Nouroscience Gstecarthritis pain

RNi219 Rinat Nouroscience Alzhaimer's disease
Respiratery Diserders

ABN 912 Novartis Pharmagceuticals asthma, chronic obstructive

pulrnonary disorders (COPIH

ABX-ILS Amgen COPD

AMG 317 Angen asthima

dachzuab (anti-C235 MAD) Protein Design Labs asthima
Roche

MEDIE-528 {(anti-TL-9 MAb) Medlmmune asthma

mepolizumab (anti-TL3 MAb) GlaxoSmithKline asthma and nasal polyposis

TNX-832 Tanox respiratory diseases
Houston, TX

Xolair® {omalizumab) Genentech pediatric asthma

Novartis Pharmaceuticals

Transplatation

ORTHOCLONE OKT® 3
{rmuromomab-CH3)

Ortho Biotech

acute kidney transplant rejection,

reversal of heart and Liver
transplant rejection

Sinulect® (basiliximnab)

Novartis Pharmaceuticals

prevention of renal transplant
rejection

Zenapax® (daclimuniab)

Roche

prophylaxis of acute kidney
transplant rejection

OKT3-gamma-1

Protein Design Labs
Jolinsen & Jobuson

renal transplant rejection

Other
CR 8002 Curalzen kidnoy inflanunation
denosumab (AMG 162) Amgen postroenoepausal osteoperosis

mepolizumab {ant-1L3 MAb)

GlaxoSmithKlioe

hypercosinopbilic syndrome,
eosinophlic esophagitis

Xolair® {omalizumab)

Genentoch
Tanox

peanut allergy

{8288} Non-limiting examples of protein-based or polypeptide-based biologics inchude

cytokines (e.z., interleuking), chemokines, growth factors, blood-production stimulating

5

proteins {e.g., erythropoietin), hormones (e.g., Blonva” (follicle stimulating hormone),

. . ® . “ . . . .
growth hormone), enzymes {e.g., Pulmozyme” {domase alfa)), clotting factors, insulin,
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albumin, fragments thereof, conservatively modified variants thereof, analogs thereof, and

combinations thersof.

{8281} Examples of cytokines include, but are not imited to, TNFa, TNF-related weak
imducer of apoptosis (TWEAK), osteoprotegerin (OPG), IFN-g, TFN-B, IFN-y, interleuking
5  {eg., IL-la, IL-1B, IL-1 receptor antagonist (IL-1ra), 1L-2, 1L-4, IL-5, IL-6, soluble IL-6
receptor (s1L-6R), TL-7, TL-8, 1L-9, IL-1{, TL-12, TL-13, TL-15, HL-17, 1L-23, and 1L-27),
adipocytokines (e.g., leptin, adiponectin, resistin, active or total plasminogen activator
imhibitor-1 (PAL-1), vistatin, and retinol binding protein 4 (RBP4)), and combinations
thereof. In particular embodiments, the interleukin comprises TL-2 such as Proleukin®

10 (aldesievkin; recombinant 11.-2).

19262  FExamples of chemokines include, but are not imited to, CXCLV/GROV/GROq,
CXCLZ/GROZ, CXCL3/GRO3, CXCLA/PF-4, CXCLS/ENA-TR, CXCL6/GCP-2,
CXCLT/MNAP-2, CXCLY/MIG, CXCLIWIP-10, CXCLI/ETAC, CXCLI2/SDF-1,
CXCLI3/BCA-1, CXCLI4/BRAK, CXCL1S, CXCLI6, CXCLIT/DMC, CCL,

15 CCL2Z/MCP-1, CCLA/MIP-1a, CCLA/MIP-1B, CCLS/RANTES, CCL6/CI0, CCLT/MCP-3,
CCLB/MCP-2, CCLY/CCLIO, CCL1/Eotaxin, CCL12/MCP-5, CCL13/MP-4,
CCLI&/HCC-1, CCLIS/MIP-5, CCLIS/LEC, CCLIT/TARC, CCLIS/MIP-4, CCLI9/MIP-
38, CCL2O/MIP-3a, CCLZV/SLC, CCL22/MDC, CCL23/MPIFL, CCL24/Eotaxin-2,
CCL25/TECK, CCL26/FEotaxin-3, CCL27/CTACK, CCL2E/MEC, CLI, CL2, CX5CLY, and

20 combinations thereot.

{82831 Non-limiting examples of growth factors include epidermal growth factor (EGF),
heparin-binding epidermal growth factor (HB-EGF), vascular endothelial growth factor
{(VEGF), pigment epithelium-derived factor {PEDF; also known as SERPINF ),
amphiregulin (AREG; also known as schwannoma-derived growth factor (SDGF)), basic

25 fibroblast growth factor (bFGF), hepatocyte growth factor (HGF), transforming growth
factor-o (TGF-a), transforming growth tactor-f (TGF-B1, TGF-B2, TGF-B3, efc.), endothelin-
1{ET-1), keratinocyte growth factor (KGF; also known as FGF7), bone morphogenetic
proteins {(e.g., BMPI-BMP15), platelet-derived growth factor (PDGF), nerve growth factor
(NGF), B-nerve growth factor (§-NGF), neurotrophic factors {e.g., brain-derived neurotrophic

30 factor (BDNFE), neurotrophin 3 (NT3), neurotrophin 4 (NT4), etc.), growth differentiation
factor-9 (GDF-9), granulocyte-colony stimulating factor (G-CSF), granulocyte-macrophage
colony stinmlating factor (GM-CSF), myostatin {GDF-R), ervthropoietin (EPO),

thrombopoietin (TPO), and combinations thereof,

hH
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18284] Examples of receptor construct-based or fusion protein-based bislogics include, but
are not limited to, naturally-occurring receptors linked to an immunoglobulin frame (e.g.,
Orencia” (abatacept; immunoglobin CTLA-4 fusion protein), Amevive” (alefacept; 1gG1
fusion protein), ENBREL™ (etanercept; recombinant human TNF-receptor fusion protein),
engineered proteins combining two different polypeptide species (e.g., Ontak™ (denileukin
diftitox; engincered protein comprising interieukin-2 and diphtheria toxin}, and combinations

thereof.

{8285] The present invention can therefore be used in methods for detecting and measuring
the presence or level of neutralizing and non-neutralizing auvtoantibodies to biologics such as
anti-TNFg drug therapeutics in a sample from a subject receiving biologic therapy for one or
more of the diseases or disorders referred to herein and Table 1, inchuding one or more of the

following:

{0266] Inflammatory discases, such as inflammatory bowel disease (IBD) {e.z., Crohn’s
disease {CD) and ulcerative colitis (UC)), uveitis, sarcoidosis, Wegener's granulomatosis,

and other diseases with inflammation as a central feature;

{82871  Autoimmune discases, such as rheumatoid arthritis (RA), mmultiple scleorisis (MS),
systemic lupus erythematosus (SLE), ankylosing spondylitis (Bechterew’s discase), hupus,

psoriatic arthritis, juvenile idiopathic arthritis, psoriasis, and erythematosus;

[8288] Cancer, such as digestive and gastrointestinal cancers {e.g., colorectal cancer, small
intestine (small bowel) cancer; gastrointestinal stromal tumors, gastrointestinal carcinoid
tumors, colon cancer, rectal cancer, anal cancer, bile duct cancer, gastric (stomach) cancer;
esophageal cancer; appendix cancer; and the like); gallbladder cancer; liver cancer;
pancreatic cancer; breast cancer; lung cancer {e.g., non-small celf lung cancer); prostate
cancer; ovarian cancer; renal cancer (e.g., renal cell carcinoma); cancer of the central nervous
system; skin cancer; choriocarcinomas; head and neck cancers; hematological malignancics
{e.g.. leukemia, lymphoma such as B-cell non-Hodgkin’s lymphoma); osteogenic sarcomas
{e.g., BEwing sarcoma}; soft tissue sarcomas {¢.g., Dermatofibrosarcoma Protuberans (DFSP),

rhabdomyosarcoma); other soft tissue malignancies, and papillary thyroid carcinomas;
18288]  Infectious diseases, such as C. difficile discase, respiratory syncytial virus {(RSV),
HIV, anthrax, candidiasis, staphylococcal infections, and hepatitis C;

18218] Blood disorders, such as sepsis, septic shock, paroxysmal nocturnal hemoglobinuria,

and hemolytic wremic syndrome;
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{8211} Cardiovascular discase, such as atherosclerosis, acate myocardial infarction,
cardiopulmonary bypass, and angina;

[8212] Metabolic disorders, such as diabetes, e.g., type-T diabetes mellitus;

{0213}  Genetic disorders, such as paroxysroal nocturnal bemoglobinuria (PNH);

16214} Neurological disorders, such as osteoarthritis pain and Alzhetmer’s discase;

18215] Respiratory disorders, such as asthma, chronic obstructive pulmonary disorders
(COPD), nasal polyposis, and pediatric asthma;

18216] Skin discases, such as psoriasis, including chronic moderate to severe plague
peOriasis;

{0217} Transplant rejoction, such as acute kidney transplant rejection, reversal of heart and
fiver transplant rejoction, prevention of renal transplant rejection, prophylaxis of acute kidney
transplant rejection, and renal transplant rejection; and/or

18218] Other disorders, such as kidney inflammation, postmenopausal osteoporosis (bone
disorders), hypereosinophilic syndrome, eosinophilic csophagitis and peanut allergy.

{6219}  In particular embodiments, the subject has a TNFo-mediated disease or disorder
such as, e.g., an autoimmune disease (e.g., rheumatoid arthritis} or an inflammatory disease
{e.g., mflammatory bowel disease (IBD) such as Crohn’s disease (CD3) or ulcerative colitis
(LCH).

Vi  Examples

[8228] The present invention will be described in greater detail by way of specific
examples. The following examples are offered for illustrative purposes, and are not intended
to limit the invention in any manner. Those of skill in the art will readily recognize a variety
of noncritical parameters which can be changed or modified 1o yield essentially the same
rosults.

{8221} The examples from PCT Application No. PCT/US2012/025437, filed February 16,
2012, are hereby meorporated by reforence in their entirety for all purposes.

Example 1. Development of a Novel Assay {e Monitor Neuwtralizing Anti-Drug Antibody
Formation in IBD Patients,

{8222} This example illustrates a novel homogeneous assay for detecting or measuring the
presence or fevel of neutralizing and/or non-neuvtralizing anti-drug autoantibodies (ADAjina
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patient sample (e.g., seram) using size exclusion chromatography in the presence of labeled
{e.z., fluorescently labeled) anti-TNFg drug and labeled TNFa. In particular embodiments,
this assay is advantageous because it obviates the need for wash steps which remove low
affinity ADA, uses distinct labels (e.g., fluorophores) that allow for detection on the visible
and/or IR spectra which decreases background and serum interference issues, increases the
ability to detect neuntralizing and/or non-neatralizing ADA in patients with a low titer due {0
the high sensitivity of thuorescent label detection, and occurs as a liquid phase reaction,
thereby reducing the chance of any changes in the epitope by attachment to a solid surface

such as an ELISA plate.

{0223}  Infliximab (IFX) and adalimumab (ADL) are anti-TNF monoclonal antibodies
prescribed for the treatment of inflaromatory bowel disease (IBD). Auti-drug antibodies
(ADA) often develop during the course of therapy. A proportion of these ADA are
neutralizing antibodies (NAb). While ADA will negatively impact drug pharmacokinetics,
the presence of NAb will additionally cause loss of drug efficacy through blockage of the
drug’s binding site. This example describes an assay to monitor the development of NAb
IBD patients receiving [FX treatment based on a homogenous mobility shift assay (HMSA)
platform and shows the correlation between antibody-to-infliximab (ATT) maturation and

NADb formation.

18224] Methods: Serum concentrations of IFX and ATY were measured by HMSA as
described in, e.g., PCT Application No. PCT/US2012/025437, filed February 16, 2012, and
PCT Publication No. WG 201 1/056590, the disclosures of which arve hereby mcorporated by
reference in their entirety for all purposes. For the NAbD assay, patient serurn contamning ATH
was first acid dissociated, then two labeled proteins (e.g., IFX-Alexad88 and TNF alpha-
Alexal32) were added, followed by neutralization. The solution was diluted 0 2% serum,
imjected by HPLC on a size exclusion column and coraplexcs roonitored by fluorescence,
The arca under the curve (AUC) of the free TNF-Alexa532 peak in cach spectrum {e.g., plot
or chromatogram) was calculated for controls and patient samples and then a percent NAb
calcolated. ATT that completely block antigen binding are defined as 100% NAb, 50% means
that an equal proportion of ATI in the sarople is non-NAb, and 09 means that all ATT is voun-
NAb. A reference range was cstablished using serum from 75 healthy volunteers. ATH
positive seram samples (>3.13 U/mL) from 132 residual IBD patient seram screened for IFX
and ATI levels were analyzed for NAb. Positive controls were created using pooled ATI

positive patient serum.

{6225} For data analysis, a peak detection algorithm is used to find all of the peaks and
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troughs in each spectrum per experiment. A cubic smoothing spline is fit o cach spectrum,
and peaks and troughs are defined as a change in the first derivative of the signal. A peakisa
sign change of the spectrum’s slope from positive to negative. Conversely, troughs are
defined as a change in sign from negative to positive. The tallest peak within a window at the
expected location of the free TNF-Alexa532 peak (e.g.. 11.5 to 13 mimutes) is taken to be the
free peak itself. The troughs directly above and below the detected free peak define the upper
and lower limits of the peak itself. Arcas under the bound, free (TNF and IFX) and negative
control peaks are found by integrating the peak arca within the imits described above using
the trapezoid rule. The % of the TNF-AlexaS32 peak area is then calculated for each sample
by using the fornwla:

% = [(a-bYc]* 100

wherein ¢ = AUC of the TNF-Alexa532 peak in an unkoown sample, = AUC of the TNF-
AlexaS32 peak from a NAD negative control (e.g., TFX-Alexad 83 + TNF-Alexa532 in normal
human serum), and ¢ = AUC of the free TNF-AlexaS32 in normal human serum. For the
calculation, “¢” is set to 1009 and “b” is as close 1o (% as possible, although it may vary
based on reaction conditions. The range between “b” and “¢” defines the maximum window

of seositivity.

{6226} Results: The NAD assay of the invention has demonstrated high reproducibility,
accuracy, and precision. The intra- and inter-assay precision is less than 20% of CV, and the
accuracy of the assay is within 25%. The precision and accuracy obtained with the NAb
assay of the mvention is substantially better than cell-based assays or ELISAs. IFX drug
tolerance is ~6 yg/mL, while TNFg interfores at greater than 1.0 ng/mL. Positive controls
from pooled ATI positive patient serum dilute Hnearly from 40-5% NADb. Analysis of healthy
controls shows that samples that return a value of 23% {e.g., 3.06%) are considered NAb
positive. More than 30 AT1 positive patient serum saroples (3.12-199.43 U/ml) were
screened for NAD, and 26 out of 132 (19.7%) of the AT1 positive patient serum samples were
NAD positive (mean 22.47%, range 3.29-51.63%). AT levels greater than 60 U/mL
corresponded to highly neuntralizing Ab. Further analysis of NAD positive samples reveals a
linear correlation between ATI titer and NAD positivity. In particular, Figure | illustrates that
there was a clear relationship between NAb percent (y-axis) and ATI levels (Spearman Rank
Correlation, rho=0.564, p << 0.0001). Figore 2 llustrates that an ATI concentration > 60
U/mi 1s predictive of NAD posttivity (NAb+). Sensitivity = 77.8%; Specificity = 98.1%;

Odds ratio = 63.6, p << (.0001, Fisher's Exact Test. Figure 3 itiustrates an AT cutoff
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analysis and demonstrates that AT predicts NAb with a ROC AUC of 0.931. True Positive
Rate (TPR} = Sensitivity; False Positive Rate (FPR) = | - Specificity.

18227] Ceonclusion: Monitoring of NAb, in addition to drag and ADA levels, provides
necessary information on the ADA response and helps guide carly therapeutic intervention.

This method can be applied (o the characterization of ADA against any biologic therapy.

Example 2. Patient Case Studies for Monitoring the Formation of Neutralizing Anti-

Brug Antibsdies Over Time.

[8228] This exarople illustrates additional embodiments of a novel homogencous assay for
detecting or measuring the presence or fevel of neutralizing and/or non-neutralizing anti-drug
autoantibodies (ADA) in a patient sample (e.g., seram) using size exclusion chromatography
in the presence of labeled (e.g., fhuorescently labeled) anti-TNFa drug and labeled TNFa. In
addition, this example demonstrates time course case studics of IBD patients on anti-TNF o
drug therapy for monitoring the formation of neutralizing and/or non-neutralizing anti-drug
antibodies and/or a shift from nov-neatralizing to neutralizing anti-drug antibodics while the

paticnt 1s on therapy.

1. Drug and anti-drue antibody assays

[8229] Figure 4 ilhustrates detection of ATY (Ze., antibody to IFX; “HACA”) by the fluid
phase mobility shift assay described herein. For example, 444 ng of Alexad&¥ labeled IFX
(18.8 pg/ml in 100% serum) was spiked into a sample to outcompete free IFX. In particular
embodiments, patient serum samples containing complexes of IFX and ATI can be subjected
to acid dissociation, wherein equilibration with acid dissociation and label addition followed

by veutralization i performed.

{0236} Figure S tllustrates an exeroplary ATHIFX fluid phase mobility shift assay of the
present invention. For example, samples containing various concentrations of ATI {(standards
or unknowns) equilibrated with fhuorescently labeled Infliximab (JFX-488) were injected on
size exclusion columus in 2% serurn. Figure § shows that large IFX-48R/ATT complexes
cluted first, followed by smaller complexes and then unbound [FX-488 and the Alexad488
ioading control. Unknown concentrations were determined by interpolation from a standard

curve. Detection of IFX followed a similar methodology.

2. Neutralizing and non-neutralizing anti-drug antibody assavs

{0231} Figures 6 and 7 illustrate assays of the present invention for determining whether

anti-drug antibodies such as ATI are neutralizing or non-neutralizing autoantibodies using
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size exclusion chromatography to detect the binding of these antoantibodies to fluorescently
labeled anti-TNFa drug in the presence of fluorescently labeled TNFa. In one exemplary
erobodiment, an anti-TNFa drug such as [FX is labeled with a fluorophore “F17, wherein the
fluorophore can be detected on either or both the visible and IR spectra. Similarly, TNFq i3
labeled with a fluorophore “F27, wherein the fluorophore can also be detected on cither or
both the visible and IR spectra, and wherein “F17 and “F2” are different fluorophores. The
iabeled anti-TNFa drug and the labeled TNFa are incubated with human serum in a liguid
phase reaction to allow the formation of complexes (7.e., immune complexes) between the
labeled anti-TNFa drug {e.g., TFX), labeled TNFa, and/or anti-drug antibodies (e.g., AThH

present in the sorum.

{6232} Following incubation, the samples are loaded directly onto a size exclusion coluran
and subjected to the HPLC mobility shift assay. Figure 6 illustrates a non-neutralizing anti-
drug antibody (ADA) assay of the present jnvention in which binding of both the anti-drug
antibody (e.g., AT and the labeled TNFo (e.g., Alexas32 labeled TNFo; “TNF-5327) 1o the
iabeled anti-TNFo drug {e.g., Alexad88 labeled IFX; “IFX-48¥”) results in a decrease in free
TNF-532 levels. Figure 7 iHustrates a neutralizing ADA assay of the present invention in
which binding of anti-drug antibody {e.g., AT to the labeled anti-TNFuo drug (e g, TFX-48R}
without binding of the labeled TNFg (e.g., TNF-532) results in substantially the same arnount

of free TNF-532 levels as the TNF-332 control.

s ]

3. Time course studies for monitoring neuiralizine and nop-neutralizing anti-drug antibodies

{32331 Figures 3-11 iltustrate data from a UC patient case study for determining whether
anti-drug antibodies such as ATT are neutralizing ot non-ueutralizing autoantibodies using the
mobility shift assays of the present invention. For example, Figure 8 illustrates the levels of
IFX and AT over a time course of 5 samples taken 1, 2, or 3 months apart. Figure 9 shows
peak analysis to determine the percentage of free TNFa over time. In particular, the peak
arca of TNF-532/TFX-488 complexes was subtracted frora the free labeled TNFo area of all
samples and then % of free TNFo was calculated. Notably, Figure 9 demonstrates an
increase in the level of free TNFa over the time course of 5 samples taken 1, 2, or 3 months
apart, indicating an increase in neutralizing autoantibody levels. Figure 10 illustrates a shift
from the presence of non-neutralizing autoantibodies to neutralizing autoantibodics over time
as exemplified in 3 samples taken 2 or 3 months apart and spiked with IFX. For the “Nov
Year 17 sample, non-nentralizing antibody binds to spiked-in IFX and shows a decrease in
the TNF-532 peak. For the “Jan Year 27 sample, a mixtare of neutralizing antibody

(NAb)non-neutralizing antibody (Ab) shows a small decrease in the TNF-532 peak relative
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to the level of the initial complex. As ATI becomes almost completely neutralizing (“Aprii
Year 27 sample), high IFX levels cannot overcome ATT binding to IFX, preventing any
TNFu binding. As such, Figure 10 demonstrates a UC patient ATI profile in which the ATI
profile shifts from a non-neutralizing AT profile to g profile containing a mixture of
neutralizing ATI and non-nentralizing AT to a neutralizing ATI profile over the course of
IFX therapy. Figure 1 shows peak analysis to determine the percentage of free TNFo over
time in samples that were spiked with IFX. In particular, the peak arca of TNF-532/1FX-488
complexes was subtracted from the free TNFa area of all samples and then the percent (%) of
free TNFa was calculated. Notably, Figure 11 demonstrates an increase in the level of free
TNFu over the time course of samples taken from the UC patient, indicating an increase in
neutralizing auwtoantibody levels and a shift from non-neutralizing AT to neutralizing ATI

while the patient is on IFX therapy.

[8234] Figures 12-14 illustrate various conirols performed using the mobility shift assays of
the present invendion. In particular, Figure 12 shows the use of rabbit anti-hursan 1gG1 Fe as
a non-neutralizing antibody (Ab) control. Figure 13 shows the use of AT positive serum as a
mixed neutralizing antibody (NAb)/non-neuiralizing antibody {Ab) control. Figure 14 shows
that purification of ATI from ATI positive seram results in loss of weaker affinity NAb.
Figure 15 Ulustrates peak analysis from a UC patient case study to determine the percentage
of free TNFu in these various controls. In particular, the peak area of the TNF-532/IFX-48¥
complex was subtracted from the free TNFa area of all samples and then the percent (%) of

free TNFa was calculated.

{0235} Figures 16-18 illustrate data trom CD patient case studies for deterraining whether
anti-drug antibodies such as AT are neutralizing or non-neutralizing autoantibodies using the
mobility shift assays of the present invention. For exaraple, Figure 16 shows a peak analysis
from a CD paticnt case study to deterroine the percentage of free TNFo over a time course of
4 samples taken 7 or & weeks apart during a 30-week period. Moreover, Figure 17 shows a
peak analysis from another CD patient case study to determine the percentage of free TNFa
over a time course of 3 samples taken during a S0-week period. In addition, Figure 18 shows
a peak analysis from 4 additional CD patient case studies to determine the percentage of free

TiNFo in a sample at a particular week during or after induction or maintenance of therapy.

Example 3: Detection of Neutralizing Antibody (NAD} Activity via an HPLC Mebility
Shift Competitive Ligand-Binding Assay.

10236]  This example tllustrates yet additional embodiments of a novel homogencous assay
for detecting or measuring the presence or level of neutralizing and/or non-neutralizing anti-

60



1

30

WO 2013/006810 PCT/US2012/045794

drug avtoantibodies {ADA} in 8 patient sample {e.g.. serum) using an HPLC size exclusion
chromatography assay. In addition, this example demonstrates methods for predicting and/or
deterroining the cross-reactivity of NAb with alternative biological drugs such as other anti-

TNF drugs.

{82371 In some embodiments, a multi-tiered approach to immunogenicity testing comprises
first screening both drug and anti-drug antibodics by a rapid, sensitive screening assay. This
approach is reconmumended by both the FDA and the EMEA and is a4 useful management tool
for large clinical trials and multiple time points per patient.  After confirming the presence of
ADA such as ATI, patient samples are then further examined for the presence of neutralizing
antibodies that may have significant negative clinical consequences. Neutralizing antibodies
interfere with the hiclogical activity by binding to or near the active stie, or by induction of
conformational changes, inducing a loss of efficacy. Samples containing ATI may also be
screened for isotype and epitope specitficity. Comparison of patients” chinical responses to
product hefore and following ADA development can provide information on the correlation

ctween ADA development {and antibody characteristics) and clinical responses.

{6238} A NAb assay has been developed as disclosed herein that utilizes an HPLC mobility
shift assay. In certain embodiments, the multi-tiered approach or test comprises or consists of
any one, two, or all three of the following tiers: (1) screening to gualitatively deternune if a
sample 5 NAD positive (yes/no based on cutpoint established from analysis of normal hurnan
serum); {(2) confirming that the sample is NAbD positive using, e.g., immunocompetition
and/or immunodepletion; and/or (3) predicting and/or determining the cross-reactivity of

NAb with alternative biological drugs.

1. Sereening Tier

{6239} After a patient sample has been confirmed as positive for ADA, it can be screened
for NAb. In certain aspects, a subpopulation of ADA 1s NAb. In certain embodiments,
patient serum containing ADA {e.g., antibody to IFX, also known as “ATI” or “HACA™) is
first acid dissociated with (.5M citric acid in HPLC water for 1 br at room temperature (RT).
Samples are prepared in a 96 well plate and incubation is conducted in the dark on a plate
shaker. Next, two labeled proteins {e.g., drog-Alexad8R (e.g., IFX-Alexad&R) and TNFo-
AlexaS32 in HPLC water containing 0.1% BSA) are added. The samples are neutralized by
the addition of 10X PBS, pH 7.3, and incubation for I hour at RT in the dark on a plate
shaker. The samples are diluted to 2% serum with additional 10X buffer and HPLC water.

The samples are then injected by HPLC on a size exclusion cohinn. Complexes or species of
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differing sizes are separated and monitored by fluorescence, e.g., Free TNFa-Alexa532
(“TNFS327), Free IFX-Alexad8s (“TFX4837), TNFA32/TFX4&R complexes,
TNFE32/AFX4R8/ATT complexes {(non-neutralizing Ab), and ATVIFX428 complexes (NAb).
After comparing the results to negative {see, e.g., Figures 12, 19) and positive (see, e.g.,
Figure 13) controls along with a cutoff established from normal human sera {(e.g., reference
range of 3.06% NAD), the sample can be designated as positive or negative for NAb and a

titer can be determined,

{6248} Figure 19 demonstrates detection of non-neutralizing antibody activity via the
mobility shift assay. Upon combination of TNFS32 with IFX4&8, there is a shift to the
retention time of approximately & minutes, indicating the formation of a higher molecular
weight complex. The Free IFX-488 peak (around 10.5 mimutes) completely disappears and
the Free TNE-532 peak {around 12 minutes) almost completely disappears as well (indicating
the formation of an ATVIFX/TNF ternary complex). A non-neutralizing Ab that binds away
from the active site of IFX follows a similar pattorn. The mouse monoclonal antibody (e.g.,

around 7 minutes) performs as desired.

{6241} Figure 13 demonstrates detection of neutralizing antibody activity via the mobility
shift assay. A completely neatralizing Ab prevents the ability of TFX to bind to TNF {e.g.,
due to blockage of the active site). This is seen in the chromatogram as a disappearance of
the IFX-488 peak with the formation of a higher molecular weight species. The TNF-532
peak will not change. In reality, most patients experience a combination of non-
neutralizing/nentralizing Ab as seen in the pooled paticut serum in Figure 13 {ATI Pos.
Serum, solid black line). Rabbit polyclonal antibodies against the F{ab’)2 fragment of

FX/Humira as an improved NAbD positive control are also nuseful.

{8242} Figure ¥ illustrates the development of a NAD response over time in a patient during
the course of IFX treatment. While they are positive for ATT at all tirne points, 1t is not until
the Jan Year 2 (light grey arrow, third from top at ~12 yoin) tiroe point that NAb develops.
The ATIIFX-488 complexes shift to a slightly different retention time (~7.8 minutes) that
indicates a different sized complex as compared to complexes of TNF332/IFX488/ATI (~8.2
and 8.8 mins). Confirmation of neutralizing activity in the presence of additional TFX versus
an irrelevant protein (inununocompetition) may be performed as well. Patients such as this

would be ideal candidates for treatment adjustment.

{8243} Figure 9 plots the data as a bar graph of the AUC of the % free TNF peak

rerpaining, clearly demonstrating that over time the patient is developing NAb. Even low
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ievels of NAb development observed at early time points are predictive of disease relapse;
treatment adjustment for patients displaying this activity s recommended. For example, the
paticnt should be placed on one or more immunosuppressive ageots such as methotrexate
(MTX} or azathioprine (AZA) while taking the existing anti-TNF drug and/or switched to a

different anti-TNF drug.

if. Cenfirmatoery Tier

{8244}  Tn the confirmatory tier, drug {e.g., anti-TNFg antibody) is spiked into the sample at
a variety of concentrations {e.g.. 1-50 ug/ml.) to determine the neutralizing capability of the
sample. In parallel, non-specific 1gG is spiked in at similar levels. The samples spiked with
drag should show a dose response to the drug and an EC50 of the NAD can be calculated.
MNon-specific [gG should have no effect. Tmmunodepletion can also be performed to rule out

the effect of the matrix, if necessary.

[8245] Figwre 10 llustrates a shift from the presence of non-neutralizing avtoantibodies to
neutralizing autoantibodies over time as exemplified in 3 samples taken 2 or 3 months apart
and spiked with IFX. Patient serurn from each time point responds to spiked-in IFX, showing
spectficity of response, Over time, the NAb becomes more neutralizing and eventually can
neutralize >20 pg/mL IFX (the April Year 2 sample does not decrease when IFX is spiked-
in). A complete titration can be performed to determine the ECS0 of the NAb at each time

point.

1§l Cross-Reactivity Tier

16246} The cross-reactivity tier is particularly useful for predicting whether a patient will

respond to a drug or therapy such as, e.g., an anti-TNFa drug or therapy.

{82477 Tn some embodiments, the present mvention provides methods to rapidly determine
which therapeutic drugs will or will not work 10 a patient {e.g., a Crobu’s disease, ulcerative
colitis, or rheumatoid arthritis patient) based on the ability of an anti-drug antibody (ADA} to
cross-react with a series of different anti-TNF therapeutics. As a non-limiting example, one
or more of the following drugs may be tested 1o patients (e.g., Crohn’s disecase, nlcerative
colitis, and/or rheumatoid arthritis patients) that have NAb to Remicade {infliximab): Enbrel
(etanercept); Humira (adalimumab); Cimzia (certolizumab pegol); and Simponi (golimumab).
After testing positive for MAb with a specific drug {e.g., TFX), the NAb assay can then be
performed with a series of other drugs {e.g., thuorescently-labeled drugs) using the method of

the initial NAb test described above.
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{8248} The predictive test of the present invention is useful in the management of patient
treatment by preventing the use of a drug (e.g., an anti-TNFo drug) that will be neutralized by
a patient’s antibodies. Without being bound by any particular theory, the sequence of the
binding site of the neutralizing ADA has likely developed in such 3 way to resemble that of
TNFa (see, Figure 20). If the NAD neutralizes any of the other anti-TNF drugs, then those
other anti-TNF drugs would likely be & poor slternative to the drug that is already being
administered as the patient will likely have ap immune response. In some embodiments, a
cutoff established from normal human serum can be used to determine if a test sample from a
patient is positive or negative. The test can be ron in a rapid, cost-effective manner in an i

vitro setiing.

{6249} The following non-limiting case studies included Patients 1 and 2, who were treated
with Remicade (infliximab), but who subsequently lost response to Remicade. Patient | had
UC and Patient 2 had CD. The mobility shift assay described herein clearly demonstrated
that Patients 1 and 2 lost respounse to Remicade as they developed anti-Remicade antibodies
{e.g., AT, These anti-Remicade antibodies were then shown to be neutralizing antibodies

{e.g., NAD).

18258] Figure 21 illustrates that Patients 1 and 2 developed neotralizing antibodies (NAD).
These NAb compete with TNFa for the Remicade binding site. Tmportanily, these NAb
might cross-react with other anti-TNF therapeutics, I the NAb cross-react with other anti-
TNF therapeutics, changing to another anti-TNF therapeutic will not help these patients. As
such, the predictive assays of the present invention provide advantages over current methods
of managing patients who lose response to Remicade, in which posttive HACA {detectable
antibody) is managed by changing to another anti-TNF agent (see, e.g., Afiferal, Am. J.

Gastroenterel., 105(5%:1133-9 20100,

18251 To determine the cross-reactivity of NAD produced in response {0 one anti-TNF
drug with other anti-TNF drugs, NAb which developed when the patient was on Remicade
(IFX) were tested against Humira (adalimumab). The data shown in Figure 21 clearly
demonstrated that NAD generated against [IFX cross-react with Humira. Figure 21 ilhustrates
that the free Humira peak (between 10 and 11 roinutes, bottom panel of each patient study) is
compiletely shifted to a higher molecular weight when the patient serum containing NADb is
added (~12 minutes, patient study #1; ~12 minutes, patient stady #2; bottom panel of cach
patient study). These results indicate that the NAb biuds to Humira in such a way that, to an
extent, the NAb prevenis TNFo from accessing the antigen-binding site of Humira., Figure
22 depicts this schematically for both NAb and non-NAb determinations.
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{8252} In certain embodiments, the assay methods of the present invention predict that
these patients will not respond to Humira or any other anti-TNF therapeutics. The patient
should not be treated with anti-TNF therapy and should be switched to aliernative therapy
options, including, but not limited to, Actemra, Kineret, Urencia, Rituxan, and/or Arzerra for

rheumatoid arthritis (RA), or Tysabri and/or steroids for Crohn’s disease (CD).

{32831  Accordingly, the methods of the present invention are particalarly advautageous for
predicting whether a patient will respond to anti-TNFo therapy by determining or rocasuring
the presence and/or concentration level of neutralizing antibodics (INAb) and/or non-NAb ina
sample from the patient. In one embodiment, if the sample contains NAb to one anti-TNFu
drug, these NAb will hikely cross-react and be neutralizing to other anti-TNFo drugs, such
that the recommmended treatment adjustnent for the paticnt would be to switch to a drug with
a different mechanism of action {e.g., a non-anti-TNF agent). In another embodiment, if the
sample contains non-nevtralizing ADA to ove anti-TNFa dnig, then the recommended

treatment adjustment for the patient would be to switch to another anti-TNFu drug,

Example 4: Assays for Detecting the Presence and Cross-Reactivity of Neutralizing
Anti-Drug Antibodies (NAb),

18254] This example illustrates additional embodiments related to the assay methods of the
present invention for scroening to determine if a sample is NAb postiive and predicting
and/or determining the cross-reactivity of NAb with alternative biological drugs (see¢, e.g.,
Example 3). In particular embodiments, the assay methods described herein are useful for
predicting whether a subject receiving a first anti-TNFa drug will respond to alternative anti-
ThNFo therapy by determining whether a sample obtained frora the subject is either positive
or negative for NAb. If the sample is positive for NAbD, the methods comprise determining
whether the NAb will cross-react with a second anti-TNFa drug and recommending that the
subject be switched to a non-anti-TNFo drug when the NAb cross-react with the second antt-
TNFa drug. [ the sample is negative for NAb, the methods comprise recommending that the

sabject be switched 0 a second anti-TNFg drug.

[3255] Figure 23 shows the generation and use of an exemplary NAbD standard curve of the
mvention. Samples containing various concentrations of rabbit {Rb) anti-IFX antibody (AT
serum {i.e., standards or unknowns) equilibrated with fluorescently labeled TINF-532/IFX-
488 were injected onto size exclusion columns in 2% serum. Large immune complexes
eluted first, followed by smaller complexes and then unbound IFX-488 and TNF-532.
Unknown concentrations can be determined by interpolation froro the standard curve. Rabbit

serum containing different mixtures of NAb and non-NAD can be combined to make controls,
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The NAb assay described herein has an improved cut-off of 2.72% compared to an old cut-
off ot 11.63% (N = 50 normal samples). Table 2 provides a summary of NAD clinical studies

by patient.

Table 2. NAb Clinical Summary — By Patient

NAR+
{% AT! 4 tested) {

fo
T
X3

23 camples)
8% {BA4A%] (6% {175

I~

{32561 The cross-reactivity assay methods of the present invention are particularly aseful
for predicting whether switching to another biological treatmoent will be beneficial. After
finding that a patient is NAb positive to one drug, tluorescentiy-labeled alternative drugs can
be used in the assay. I patient serum still shows nevtralizing capability, the new drug will be
pnlikely to succeed. Such methods are advantageous because they can be used to sereen a
panel of drugs in a cost-effective and timely maunner to enable a suggestion or indication of

the best treatment options.

[92587] Figures 24 and 25 provide additional case studies to the patient studies described in
Exarople 3 and set forth in Figare 21, In particalar, Patients 3 and 4, who were treated with
Remicade (infliximab, IFX), but who subsequently lost response to IFX, were wdentified as
being patients who will likely not respond to Humira {(adalimumab, ADL) because NAb
which developed when the patient was on IFX were determined to be cross-reactive with

ADIL.

{0258} Figure 26 shows non-limiting examaples of patient studics which demonstrate ATI

affinity maturation and the development of cross-reactive ATL

{82597 Although the foregoing invention has been described in some detail by way of
Hlustration and example for purposes of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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WHAT IS CLAIMED IS:

I. A method for measuring the level or percent of a neuntralizing form of
an autoantibody to an anti-TNFo drnug in a sample, the method comprising:

{a) contacting the sample with a labeled anti-TNFao drug and a labeled TNFo to
fornu
(i) a first labeled complex of the labeled anti-TNFo drug and the

autoantibody; and/or
(i1} a second labeled complex of the labeled anti-TNFa drug, the labeled
TNFg, and the autoantibody;

{(b) subjecting the first labeled cornplex and/or the second labeled complex to size
exchusion chromatography to separate them from free labeled TNFa, free
labeled anti-TNFe drug, and/or a complex of labeled anti-TNFa drug and
labeled TNFa;

() measuring the level of free labeled TNFu afier size exclusion chromatography;
and

(d) comparing the level of free labeled TNFo measured in step (£) to a normalized

evel or percent of free labeled TNFa in a control sarnple, wherein the
normalized level or percent of the free labeled TNFo in the control saraple

corresponds to the fovel or percent of a neutralizing form of the autoantibody.

2. The method of claim 1, wherein the anti-TNFo drag is selected from
the group consisting of REMICADE™ (infliximab), ENBREL™ (etanercept), HUMIRA™
(adalimumab), CIMZIA® (certolizumab pegol), SIMPONI® (golimuraab; CNTO 148), and

combinations thereof

s

The method of claim 1 or 2, wherein the autoantibody to the anti-TNFu
drug is selected from the group consisting of a human anti-chimeric antibody (HACA), a
buman anti-hurnanized antibody (HAHA), a human anti-mouse antibody (HAMA), and

combinations thereof

4, The method of any one of claims 1 1o 3, wherein step (¢} comprises

measuring the peak area of the free labeled TNFa after size exclusion chromatography.

5. The method of any one of claims 1 to 4, wherein the control sample is

a reference sample containing only free labeled TNFa.
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6. The method of any onc of claims 1 to 5, wherein the level or percent of
the free labeled TNFa in the control sample is normalized by subtracting the measured peak
area of a third labeled complex formed between the Iabeled anti-TNFo drug and the labeled

TNFu from the measured peak area of the free labeled TNFa.

-

The method of any one of claims 1 to 6, wherein the ditference
between the normalized level or percent of the free labeled TNFu in the control sample and
the level of free labeled TNFa measured in step (¢) corresponds to the level or percent of a

non-neutralizing form of the autoantibody.

3. The method of any one of claims 1 1o 6, wherein the sample 15 positive
for the neutralizing form of the autoantibody when the sample has greater than or equal to

about 3.00% of the neutralizing form of the autoantibody.
9. The method of any one of claims 1 to 8, wherein the sample is seram.

10. The method of any one of claims 1 to 9, wherein the sample 1s

obtatned from a subjoct receiving therapy with the anti-TNFa drug.

i1, The method of any one of claims 1 to 10, wherein the labeled anti-

TNFa drug and the labeled TNFa comprise different fluorophores or fluorescent dyes.

12, A method for detecting the presence of a neutralizing and/or non-
neutralizing form of an autoantibody to an anti-TNFo drug in 8 sample, the method
Comprising:

(a) contacting the sample with a labeled anti-TNFuo drug and a labeled TNFa to
form:

{1} a first Jabeled complex of the labeled anti-TNFo drog and the

autoantibody; and/or

(1)  asecond labeled complex of the labeled anti-TINFa drug, the labeled

TNFw, and the autoantibody;

(b subjecting the first labeled complex and/or the second labeled complex to size
exchusion chromatography to separate ther from free labeled TNFa, free
tabeled anti-TINFa drug, and/or a complex of labeled anti-TINFog drug and
labeled TNFa;

{c) measuring the level of tree labeled TNFo after size exclusion chromatography;

and
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() comparing the level of the free labeled TNFa measured in step (¢} to the level
of free labeled TNFa in a control sample, thereby detecting the presence of a

neutralizing and/or non-neutralizing form of the autoantibody.

13, The method of claim 12, wherein the anti-TNFo drug is selected from
the group consisting of REMICADE™ (infliximab), ENBREL™ (etanercept), HUMIRA™
{adalimumab), CIMZIA® (certolizamab pegol), SIMPONI® {golimurnab; CNTO 148), and

corpbinations thereof

i4. The method of claim 12 or 13, wherein the autoantibody to the anti-
TNFa drug is selected from the group consisting of a human anti-chimeric antibody {(HACA},
a human anti-humanized antibody (HAHA), a human anti-mouse antibody (HAMA), and

combinations thereof

15. The method of any one of claims 12 10 14, wherein step (¢) coraprises

measuring the peak area of the free labeled TNFu after size exclusion chromatography.

6. The method of any onc of claims 12 to 15, wherein the controf sample

is a veference sample containing only free labeled TNFa.

17 The method of any one of claims 12 to 16, wherein a neutralizing form
of the autoantibody is detected when the level of the free labeled TNFo measured in step ()
is the same or substantially the same as the level of the free labeled TNFo in the control

sample.

I8 The method of any one of claims 12 to0 16, wherein a non-neutralizing
form of the antoantibody is detected when the level of the free labeled TNFu measured in
step (¢} is decreased or absent compared to the fevel of the free labeled TNFa in the control

sample.

19. The method of any one of claims 12 to 18, wherein the sample is

SEraa,

24, The method of any one of claims 12 to 19, wherein the sample 1s

obtained from a subjoct receiving therapy with the anti-TNFe drug.

21 The method of any one of claims 12 to 20, wherein the labeled anti-

TNFa drug and the labeled TNFa comprise different fluorophores or fluorescent dyes.
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22, A method for determining whether a neutralizing form of an
autoantibody to a first anti-TNFeo drug is cross-reactive with a second anti-TNFa drug, the
method comprising:

{(a) detecting ot measuring the presence, level, or percent of a neutralizing form of
the autoantibody in a sample according to a method of any one of claims 1 to

21 to determine whether the sample is positive or negative for the neutralizing

form of the autoantibody; and

if the sample is positive for the neutralizing form of the sutoantibody, then:

(b} contacting the sample with a labeled second anti-TNFa drug to form a labeled
complex of the labeled second anti-TNFao drug and the neutralizing form of
the autoantibody;

subjecting the labeled coraplex to size exclusion chromatography o separate

-~
(]
L2

the labeled complex; and
() detecting the labeled complex, thereby determining whether a neutralizing
form of an sutoantibody to a first anti-TNFu drug is cross-reactive with a

second anti-TNFa drug,

23. The method of claim 22, wherein the first and second anti-TNFa drugs
are indepedently selected from the group consisting of REMICADE™ (infliximab),

ENBREL™ {gtancrcept), HUMIRA™ (adalimumab), CIMZIA® (certolizuraab pegol),
SIMPONI® (golimumab; CNTO 148), and combinations thereof,

24. The method of claim 22 or 23, wherein the autoantibody 1o the first
anti-TNFo drug is selected from the group consisting of a human anti-chimeric antibody
{HACA), 2 human anti-humanized antibody (HAHA), a human anti-mouse antibody

(HAMA}, and combinations thereof.

25, The method of any one of claims 22 to 24, wherein the presence of the
labeled complex is an indication that the neutralizing sutoantibody against the first anti-TNFg

drug is cross-reactive with the second anti-TNFa drng.

26. The method of any one of claims 22 t0 24, wherein the absence of the
iabeled complex is an indication that the neutralizing autoantibody against the first anti-TNFo

drug is not cross-reactive with the second anti-TNFg drug.
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27. The method of any onc of claims 22 to 26, wherein the sample is
serum.
28. The method of any one of claims 22 to 27, wherein the sample is

obtained from a subject receiving therapy with the anti-TNFa drug,

29, The method of any one of claims 22 to 28, wherein the labeled second

anti-TNFu drug comprises a thuorophore or fluorescent dye.

30. A method for monitoring or optimizing therapy to an anti-TNFa drug
in a subject receiving a course of therapy with the anti-TNFo drug, the method comprising:
{a) detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the anti-TNFo drug according to a method of any one of
claims 1 to 21 at a plurality of time points over the course of therapy;
(b} detecting a change in the presence, level, or percent of the neutralizing form of

the autoantibody over time; and

-~
(]
L2

determining 3 subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the presence, level, or percent of the neutralizing

form of the auteantibody over time.

31, The method of claim 30, wherein the anti-TNFg drug is selected from
the group consisting of REMICADE™ (inflixirnab), ENBREL™ {ctancrcept), HUMIRA™
(adalimumab), CIMZIA® (certolizumab pegol), SIMPONI® (goliroumab; CNTO 148), and

combinations thereof

32 The method of claim 30 or 31, whercin the autoantibody to the anti-
TNFo drug is selected from the group consisting of a human anti-chimeric antibody (HACA),
a human anti-humanized antibody (HAHA), a human anti-mouse antibody (HAMA), and

combinations thereof

33, The method of any one of claims 30 to0 32, wherein the subsequent
dose of the course of therapy is increased, decreased, or maintained based upon the change in

the presence, level, or percent of the neutralizing form of the autoantibody over time.

~3
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34, The method of any one of claims 30 to 32, wherein the different course
of therapy comprises a different anti-TNFa drug, the current course of therapy along with an

immmunosappressive agent, or switching to a course of therapy that is not an anti-TNFg drug.

35, The method of claim 34, wherein the different course of therapy is
adroinistered when the level or percent of the neutralizing form of the autoantibody increases

OVer time,

36, A method for optimizing therapy and/or reducing toxicity in a subject
recetving a course of therapy with a first anti-TNFa drug, the method comprising:

(a) determining whether a neutralizing forre of an autoantibody to the fivst anti-
TNFa drug s cross-reactive with a second anti-TNFu drug by detecting or
measuring the presence, level, or percent of a neutralizing form of the
autoantibody in a sample from the subject according to a method of any one of
claims 1 t0 21; and

{b) determining that a different course of therapy should be administered to the
subject if the neutralizing form of the autoantibody is cross-reactive with the

second anti-TNFa drug.

37. The method of claim 36, wherein the first and second anti-TNFa drugs
are indepedently selected from the group counsisting of REMICADE™ (infliximab),
ENBREL™ {etanercept), HUMIRA™ (adalimumab), CIMZIA® (certolizurab pegol),
SIMPONIY {gohimumab; CNTO 148), and combinations thercof.

38. The method of claim 36 or 37, wherein the auwtoantibody to the first
anti-TNFo drug is selected from the group consisting of a human anti-chimeric antibody
(HACA), 2 human anti-humanized antibody (HAHA), a human anti-mouse antibody

{HAMA), and combinations thereof.

39. The method of any one of claims 36 to 38, wherein the different course

of therapy comprises switching to a course of therapy that is not an anti-TNFa drug.

40. The method of claim 39, wherein the non-anti-TNFo drug is selected
from the group counsisting of an [L-6 receptor-inhibiting monocional antibody, anti-integrin

molecule, JAK-2 inhibitor, tyrosine kinase inhibitor, nutritition therapy, and mixtures thercof.

~}
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41. The method of any onc of claims 36 to 40, wherein the method further
comprises determining that a subsequent dose of the current course of therapy should be
increased or decreased, or that a different course of therapy should be administered to the
subject, it the neutralizing form of the autoantibody is vot cross-reactive with the second anti-

TNFa drug.

~3
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