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COMPOSITIONS AND METHODS FOR TREATMENT OF THYROID EYE DISEASE
Cross Reference To Related Applications:

[0001] This application claims priority to U.S. Provisional Application No. 63/091,839, filed
October 14, 2020, U.S. Provisional Application No. 63/201,978, filed May 21, 2021, U.S. Provisional
Application No. 63/260,130, filed August 10, 2021, and U.S. Provisional Application No. 63/261,742,
filed September 28, 2021, each of which 1s hereby incorporated by reference 1n 1ts entirety.

Background:

[0002] Thyroid-associated ophthalmopathy (TAQO), also known as thyroid eye disease (TED),
Graves' ophthalmopathy or orbitopathy (GO), thyrotoxic exophthalmos, dysthyroid ophthalmopathy,
and several other terms, 1s orbitopathy associated with thyroid dysfunction. TAO 1s divided 1into two
types. Active TAQO, which typically lasts 1-3 vyears, 1s characterized by an ongoing
autoirmmune/inflammatory response 1n the soft tissues of the orbit. Active TAO 1s responsible for the
expansion and remodeling of the ocular soft tissues. The autoimmune/inflammatory response of active
TAO spontaneously resolves and the condition transitions into inactive TAO. Inactive TAO 1s the term
used to describe the long-term/permanent sequelae of active TAO. The cause of TAO 1s unknown. TAO
1s typically associated with Graves' hyperthyroidism, but can also occur as part of other autoimmune
conditions that affect the thyroid gland and produce pathology in orbital and periorbital tissue, and,
rarely, the pretibial skin (pretibial myxedema) or digits (thyroid acropachy). TAO 1s an autoimmune
orbitopathy 1n which the orbital and periocular soft tissues are primarily affected with secondary effects
on the eye and vision. In TAOQ, as a result of inflammation and expansion of orbital soft tissues, primarily
eye muscles and adipose, the eyes are forced forward (bulge) out of their sockets--a phenomenon termed
proptosis or exophthalmos. Although most cases of TAO do not result 1n loss of vision, this condition
can cause vision-threatening exposure keratopathy, troublesome diplopia (double vision), and
compressive dysthyroid optic neuropathy. TAO may precede, coincide with, or follow the systemic
complications of dysthyroidism. The ocular manifestations of TAO include upper eyelid retraction, lid
lag, swelling, redness (erythema), conjunctivitis, and bulging eyes (exophthalmos or proptosis),
chemosis, periorbital edema, and altered ocular motility with significant functional, social, and cosmetic
consequences. Many of the signs and symptoms of TAQO, including proptosis and ocular congestion,

result from expansion of the orbital adipose tissue and periocular muscles. The adipose tissue volume
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increases owing in part to new fat cell development (adipogenesis) within the orbital fat. The
accumulation of hydrophilic glycosaminoglycans, primarily hyaluronic acid, within the orbital adipose
tissue and the perimysial connective tissue between the extraocular muscle fibers, further expands the
fat compartments and enlarges the extraocular muscle bodies. Hyaluronic acid 1s produced by fibroblasts
residing within the orbital fat and extraocular muscles, and 1ts synthesis 1n vitro 1s sttmulated by several
cytokines and growth factors, including IL-1beta, interferon-gamma, platelet-derived growth factor,
thyroid stimulating hormone (TSH) and insulin-like growth factor I (IGF-I).

[0003] Antibodies that activate the insulin-like growth factor I receptor (IGF-IR) have also been
detected and implicated 1n active TAO. Without being bound to any theory, 1t 1s believed that TSHR
and IGF-IR form a physical and functional complex in orbital fibroblasts, and that blocking IGF-IR
appears to attenuate both IGF-1 and TSH-dependent signaling. It has been suggested that blocking IGF-
IR using an antibody antagonist might reduce both TSHR- and IGF-I-dependent signaling and therefore
interrupt the pathological activities of autoantibodies acting as agonists on either receptor.

[0004] IGF-IR 1s a widely expressed heterotetrameric protein involved in the regulation of
proliferation and metabolic function of many cell types. It 1s a tyrosine kinase receptor comprising two
subunits. IGF-IRalpha contains a ligand-binding domain while IGF-IRbeta 1s involved 1n signaling and
contains tyrosine phosphorylation sites.

[0005] Current therapies for hyperthyroidism due to Graves’ disease are imperfect because
therapies targeting the specific underlying pathogenic autormmune mechanisms of the disease are
lacking. Even more complex 1s the treatment of moderate-to-severe active TAO. Although recent years
have witnessed a better understanding of 1ts pathogenesis, TAO remains a therapeutic challenge and
dilemma. There are no approved drugs to treat active TAO. Intravenous glucocorticoids (1vGCs) and
oral glucocorticoids are used to treat patients with moderate-to-severe active TAQO, but results are seldom
satisfactory. Partial responses are frequent and relapses (rebound) after drug withdrawal are not
uncommon. Adverse events do occur and many patients eventually require rehabilitative surgery
conducted when their condition has transitioned to inactive TAO. Accordingly, there 1s still a need to
provide alternative therapies for TAO and 1ts related symptoms.

Summary

[0006] The embodiments relate generally to IGF-1R antibodies, and antigen binding fragments

thereof. Certain IGF-1R antibodies and antigen-binding fragments inhibit IGF-1R function or block the
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biological functions of IGF-I mediated IGF-1R signaling. Additionally, the invention generally relates
to methods for treating thyroid-associated ophthalmopathy (TAQO), also known as thyroid eye disease
(TED), Graves' ophthalmopathy or orbitopathy (GO), thyrotoxic exophthalmos, dysthyroid
ophthalmopathy, and other thyroid eye disorders associated with IGF-1R signaling.

[0007] In some embodiments, an antibody, or antigen binding fragment thereof, comprising a
sequence as provided for herein 1s provided. In some embodiments, the antibody comprises a VL
sequence as set forth in SEQ ID NO: 1, 3, 5,7, 9, 11, 13, 15, 79, or 86; and a VH sequence as set forth
in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 80, or 83. In some embodiments, the antibody comprises a
LCDR sequence as set forth in SEQ ID NO: 17, 18, 19, 23, 24, 25, 29, 30, 31, 35, 36,37, 41,42, 43, 47,
48, 49, 53, 54, 55, 59, 60, 61, or 81, and a HCDR sequence as set forth in SEQ ID NO: 20, 21, 22, 26,
27, 28, 32, 33, 34, 38, 39, 40, 44, 45, 46, 50, 51, 52, 56, 57, 58, 62, 63, or 64; or any combination or
variant thereof.

[0008] In some embodiments, the antibody, or antigen binding fragment thereof, comprises a VL
peptide as set forth in SEQ ID NOs: 1, 3,5, 7,9, 11, 13, 15, 79, or 86, or any variant thereof. In some
embodiments, the antibody, or antigen binding fragment thereof, comprises a Vu peptide as set forth 1n
SEQ ID NOs: 2,4, 6,8, 10, 12, 14, 16, 80, or 83, or any variant thereof.

[0009] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 20, 26, 32, 38, 44, 50, or 56; the heavy
chain CDR2 has the amino acid sequence of SEQ ID NO: 21, 27, 33, 39, 45, 51, or 57; and the heavy
chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 22, 28, 34, 40, 46, 52, or 58; or
variants of any of the foregoing; and (11) a light chain varniable region comprising light chain CDRI,
CDR2, and CDR3 sequences, wherein the light chain CDR 1 sequence has the amino acid sequence SEQ
ID NO: 17, 23, 29, 35, 41, 47, or 53; the light chain CDR2 sequence has the amino acid sequence of
SEQ ID NO: 18, 24, 30, 36, 42, 48, or 34; and the light chain CDR3 sequence has the amino acid
sequence of SEQ ID NO: 19, 25, 31, 37, 43, 49, 55, or 81; or variants of any of the foregoing.

[0010] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 20; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 21; and the heavy chain CDR3 sequence has the amino acid sequence of
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SEQ ID NO: 22; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 17; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 18; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 19; or variants
of any of the foregoing.

[0011] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 26; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 27.; and the heavy chain CDR3 sequence has the amino acid sequence
of SEQ ID NO: 28; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR 1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 23; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 24; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 25; or variants
of any of the foregoing.

[0012] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 32; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 33; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 34; or variants of any of the foregoing; and (11) a light chain varnable region comprising
light chain CDR1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 29; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 30; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 31; or variants
of any of the foregoing.

[0013] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 38; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 39; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 40; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR 1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 35; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
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NO: 36; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 37; or variants
of any of the foregoing.

[0014] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 44; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 43; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 46; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR 1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 41; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 42; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 43; or variants
of any of the foregoing.

[0015] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 50; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 51; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 52; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 47; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 48; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 49; or variants
of any of the foregoing.

[0016] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 56; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 57; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 38; or variants of any of the foregoing; and (11) a light chain varable region comprising
light chain CDR1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 53; the light chain CDR2 sequence has the amino acid sequence of SEQ ID

NO: 54; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 55; or variants
of any of the foregoing.
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[0017] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 62; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 63; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 64; or variants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR 1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 59; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 60; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 61; or variants
of any of the foregoing.

[0018] In some embodiments, the antibody or antibody fragment comprises: (1) a heavy chain
variable region comprising heavy chain CDRI, CDR2, and CDR3 sequences, wherein the heavy chain
CDRI1 sequence has the amino acid sequence of SEQ ID NO: 38; the heavy chain CDR2 has the amino
acid sequence of SEQ ID NO: 39; and the heavy chain CDR3 sequence has the amino acid sequence of
SEQ ID NO: 40; or varnants of any of the foregoing; and (11) a light chain variable region comprising
light chain CDR1, CDR2, and CDR3 sequences, wherein the light chain CDR1 sequence has the amino
acid sequence SEQ ID NO: 35; the light chain CDR2 sequence has the amino acid sequence of SEQ ID
NO: 36; and the light chain CDR3 sequence has the amino acid sequence of SEQ ID NO: 81; or variants
of any foregoing.

[0019] In some embodiments, the antibody comprises a VL sequence as set forth in SEQ ID NO:
1,3,5,7,9,11, 13, 15, 79, or 86, or a variant thereof. In some embodiments, the antibody comprises a
Vu sequence as set forth in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 80, or 83, or a variant thereof.

[0020] In some embodiments, the antibody comprises a sequence of SEQ ID NO: 65-72, 78, 82,
or 85, or a variant thereof.

[0021] In some embodiments, the antibody comprises a light chain having the amino acid
sequence of SEQ ID NO: 3 and a heavy chain comprising the amino acid sequence of SEQ ID NO: 83.
In some embodiments, the antibody comprising a light chain variable region having the amino acid
sequence of SEQ ID NO: 13 and a heavy chain variable region having the amino acid sequence of SEQ

ID NO: 14

[0022] In some embodiments, the antibody comprises a light chain having a an amino acid

sequence of SEQ ID NO: 93 and a heavy chain amino acid sequence of SEQ ID NO: 92.
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[0023] In some embodiments, the antibody comprises a light chain having a an amino acid
sequence of SEQ ID NO: 93 and a heavy chain amino acid sequence of SEQ ID NO: 94.

[0024] In some embodiments, the antibody comprises a light chain having a an amino acid
sequence of SEQ ID NO: 93 and a heavy chain amino acid sequence of SEQ ID NO: 95.

[0025] In some embodiments, the a variant of any antibodies provided herein are provided so
long as the CDRs remain constant as compared to the parental (non-variant) sequence provided for
herein.

[0026] In some embodiments, the antibody comprises a Fc region. In some embodiments, the
Fc region 1s as set forth in SEQ ID NO: 75-77, 84, 87, 88, 89, or 90. In some embodiments, the Fc
region 1S as set forth in SEQ ID NO: 75. In some embodiments, the Fc region 1s as set forth in SEQ 1D
NO: 76. In some embodiments, the Fc region 1s as set forth in SEQ ID NO: 77. In some embodiments,
the Fc region 1s as set forth in SEQ ID NO: 84. In some embodiments, the Fc region 1s as set forth in
SEQ ID NO: 87. In some embodiments, the Fc region 1s as set forth in SEQ ID NO: 88. In some
embodiments, the Fc region 1s as set forth in SEQ ID NO: 89. In some embodiments, the Fc¢ region 1s as
set forth in SEQ ID NO: 90.

[0027] In some embodiments, pharmaceutical compositions comprising an antibody as provided
for herein 1s provided.

[0028] In some embodiments, methods of treating or reducing the severity of, thyroid-associated
ophthalmopathy (TAQO), or a symptom thereof are provided, the methods comprising administering to
a subject an antibody as provided for herein or a pharmaceutical composition comprising the same.

[0029] In some embodiments, methods of treating thyroid eye disease 1n a subject are provided,
the methods comprising administering to a subject an antibody as provided for herein or a
pharmaceutical composition comprising the same.

[0030] In some embodiments, methods of reducing Clinical Activity Score (CAS) of thyroid-
associated ophthalmopathy (TAO) 1n a subject are provided, the methods comprising administering to a
subject an antibody as provided for herein or a pharmaceutical composition comprising the same.

[0031] In some embodiments, methods of a) reducing proptosis by at least 2 mm and b) reducing
the clinical activity score (CAS) in a subject with thyroid-associated ophthalmopathy (TAQO) are
provided, the methods comprising administering to a subject an antibody as provided for herein or a

pharmaceutical composition comprising the same.
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[0032] In some embodiments, methods of treating or reducing the severity of thyroid-associated
ophthalmopathy (TAQO) in a subject are provided, the methods comprising administering to a subject an
antibody as provided for herein, or a pharmaceutical composition comprising the same, wherein
treatment with said antibody (1) reduces proptosis by at least 2 mm 1n an eye; (11) 1s not accompanied by
a deterioration of 2 mm or more in the other (or fellow eye); and (111) reduces the CAS 1n said subject to
either one (1) or zero (0).

[0033] In some embodiments, methods of improving the quality of life in a subject with thyroid-
associated ophthalmopathy (TAO, also called Graves' Ophthalmopathy/Graves' Orbitopathy) are
provided, the methods comprising administering to a subject an antibody as provided for herein, or a
pharmaceutical composition comprising the same.

[0034] In some embodiments ;methods of treating or reducing the severity of diplopia 1in a
subject with thyroid-associated ophthalmopathy (TAQO) are provided, the methods comprising
administering to a subject an antibody as provided for herein, or a pharmaceutical composition
comprising the same.

[0035] In some embodiments, methods of increasing the internalization of IGF-1R on a cell are
provided, the methods comprising contacting the cell with an antibody as provided for herein or a
pharmaceutical composition comprising the same.

[0036] In some embodiments, methods of inhibiting IGF-1 stimulated receptor phosphorylation
on a cell are provided, the methods comprising contacting the cell with an as provided for herein, or a
pharmaceutical composition comprising the same.

[0037] In some embodiments, methods of treating thyroid eye disease 1n a subject are provided,
the methods comprising administering an as provided for herein, or a pharmaceutical composition
comprising the same to the subject, wherein the antibody has a serum concentration in the subject of at
least, or about, 70 ug/ml, 75 pg/ml, 80 ng/ml, 85 ng/ml, 90 ug/ml, 95 png/ml, 100 ug/ml, or 105 pg/ml
at least 1, 2, or 3 week after administration.

[0038] In some embodiments, methods of i1nhibiting IGF-1 1nduced receptor
autophosphorylation 1n a cell by at least 95%, 96%, 97%, 98%, or 99% or by 100% are provided, the
method comprising contacting the cell with an antibody as provided for herein, or a pharmaceutical

composition comprising the same.
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[0039] In some embodiments, embodiments are provided for any of the methods provided for
herein, wherein the antibody, or an antigen binding fragment thereof, 1s administered 1n a pharmaceutical
composition that additionally comprises a pharmaceutically acceptable diluent or excipient or carrier. In
some embodiments, the pharmaceutical composition further comprises one or more pharmaceutically
active compounds for the treatment of TAO. In some embodiments, the pharmaceutical composition
further comprises corticosteroids; rituximab or other anti-CD20 antibodies; tocilizumab or other anti-
IL-6 antibodies; or selenium, infliximab or other anti-TNFalpha antibodies or a thyroid-stimulating
hormone receptor (TSHR) inhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0040] FIG. 1 illustrates the NHP (non-human primates) serum concentration of various

antibodies and embodiments as provided for herein.

[0041] FIG. 2 illustrates various properties of antibodies as provided for herein.
[0042] FIG.3 illustrates various properties of antibodies as provided for herein.
[0043] FIG. 4 1llustrates various properties of antibodies as provided for herein.
[0044] FIG. 5 illustrates various properties of antibodies as provided for herein.
[0045] FIG. 6 1llustrates various properties of antibodies as provided for herein.
[0046] FIG. 7 illustrates various properties of antibodies as provided for herein.
[0047] FIG. 8 1llustrates various properties of antibodies as provided for herein.
DETAILED DESCRIPTION

[0048] Provided herein are antibodies that bind and modulate the activity of IGF-1R. The
antibodies can be used, for example, to treat thyroid eye disease.

[0049] As used herein, "Thyroid-associated Ophthalmopathy” (TAQO), "Thyroid Eye Disease”
(TED), "Graves' Ophthalmopathy" or "Graves' Orbitopathy" (GO) refer to the same disorder or
condition and are used interchangeably. They all refer to the inflammatory orbital pathology associated
with some autoirmmune thyroid disorders, most commonly with "Graves' Disease" (GD), but sometimes
with other diseases, e.g. Hashimoto's thyroiditis.

[0050] The terms "proptosis” and "exophthalmos" (also known as exophthalmos, exophthalmia,
or exorbitism) refer to the forward projection, displacement, bulging, or protrusion of an organ. As used
herein, the terms refer to the forward projection, displacement, bulging, or protrusion of the eye

anteriorly out of the orbit. Proptosis and exophthalmos are considered by some of skill in the art to have
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the same meaning and are often used interchangeably, while others attribute subtle differences to their
meanings. Exophthalmos 1s used by some to refer to severe proptosis; or to refer to endocrine-related
proptosis. Yet others use the term exophthalmos when describing proptosis associated with the eye, 1n,
for example, subjects with TAO (TED or GO).

[0051] As used herein, the terms "proptosis" and "exophthalmos" are used interchangeably and
refer to the forward projection, displacement, bulging, or protrusion of the eye anteriorly out of the orbit.
Owing to the rigid bony structure of the orbit with only anterior opening for expansion, any increase in
orbital soft tissue contents taking place from the side or from behind will displace the eyeball forward.
Proptosis or exophthalmos can be the result of a several disease processes including infections,
inflammations, tumors, trauma, metastases, endocrine lesions, vascular diseases & extra orbital lesions.
TAO (TED or GO) 1s currently recognized as the most common cause of proptosis in adults.
Exophthalmos can be either bilateral, as 1s often seen in TAO (TED or GO), or unilateral (as 1s often
seen 1n an orbital tumor).

|0052] Measurement of the degree of exophthalmos can be performed using, for example, an
exophthalmometer, an instrument used for measuring the degree of forward displacement of the eye.
The device allows measurement of the forward distance of the lateral orbital rim to the front of the
cornea. Computed tomography (CT) scanning and Magnetic resonance imaging (MRI) may also be
used 1n evaluating the degree of exophthalmos or proptosis. CT scanning 1s an excellent imaging
modality for the diagnosis of TAO. In addition to allowing visualization of the enlarged extraocular
muscles, CT scans provide the surgeon or clinician with depictions of the bony anatomy of the orbit
when an orbital decompression 1s required. MRI, with 1ts multi-planar and inherent contrast capabilities,
provides excellent imaging of the orbital contents without the radiation exposure associated with CT
scan studies. MRI provides better imaging of the optic nerve, orbital fat, and extraocular muscle, but CT
scans provide better views of the bony architecture of the orbit. Orbital ultrasonography can also be a
used for the diagnosis and evaluation of TAO, because 1t can be performed quickly and with a high
degree of confidence. High reflectivity and enlargement of the extraocular muscles are assessed easily,
and serial ultrasonographic examinations can also be used to assess progression or stability of the
ophthalmopathy. Based on the technologies currently available, or that will become available 1n the
future, one of skill in the art would be capable of determining the best modality for diagnosing and

evaluating the extent of proptosis or exophthalmos.

10



WO 2022/081799 PCT/US2021/054907

[0053] As used herein, the term “antibody” refers to any form of antibody that exhibits the
desired biological activity. Thus, 1t 1s used 1n the broadest sense and specifically covers, but 1s not
limited to, monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies), humanized, fully human antibodies, chimeric
antibodies and camelized single domain antibodies. “Parental antibodies” are antibodies obtained by
exposure of an immune system to an antigen prior to modification of the antibodies for an intended use,
such as humanization of an antibody for use as a human therapeutic antibody.

[0054] As used herein, unless otherwise indicated, “antibody fragment” or “antigen binding
fragment” refers to antigen binding fragments of antibodies, 1.e. antibody fragments that retain the ability
to bind specifically to the antigen bound by the full-length antibody, e.g. fragments that retain one or
more CDR regions. Examples of antibody binding fragments include, but are not limited to, Fab, Fab',
F(ab'),, and Fv fragments; diabodies; linear antibodies; single-chain antibody molecules, e.g., sc-Fv;
nanobodies and multispecific antibodies formed from antibody fragments.

[0055] A “Fab fragment” 1s comprised of one light chain and the Cugl and vanable regions of
one heavy chain. The heavy chain of a Fab molecule cannot form a disulfide bond with another heavy
chain molecule.

[0056] An “Fc¢” region contains two heavy chain fragments comprising the Cyl and Cy2
domains of an antibody. The two heavy chain fragments are held together by two or more disulfide
bonds and by hydrophobic interactions of the Cy3 domains.

[0057] In some embodiments, the antibodies, or antigen fragments herein, comprise a Fc region.
In some embodiments, the Fc region comprises a mutation that extends the half-life of the antibody
when linked to the Fc region. In some embodiments, the Fc region comprises a S228P, L235E, M252Y,
S254T, T256E, M428L, N434S, L234F, P331S mutation, or any combination thereof. In some
embodiments, the Fc region comprises a M252Y, S254T, and T256E mutations. A non-limiting
example of a Fc region comprising the M252Y, S254T, and T256E mutations (collectively, “YTE
Mutations”) can be found in a sequence of SEQ ID NO: 89. In some embodiments, the Fc region
comprising the YTE Mutations comprises a sequence of SEQ ID NO: 90, which differs from SEQ ID
NO: 89 by the presence of a C-terminal lysine (K) residue. The numbering of the Fc region can be

according to the Kabat numbering system for the Fc region.
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[0058] In some embodiments, the Fc region comprises a S228P and a L235E mutation. In some

embodiments, the antibody comprises a L234F, L235E, and P331S mutation. In some embodiments,
the Fc region comprises M252Y, S254T, T256E, S228P and L235E mutations. In some embodiments,

the Fc region comprises S228P, L235E, M428L, and N434S mutations. In some embodiments, the F¢

region comprises the M428L and N434S mutations. In some embodiments, the Fc region comprises the

L.234F, L235E, P331S, M252Y. S254T, and T256E mutations.

described 1n US2007041972A1,

EP2235059B1, U.S. Patent No. 8.394.925.

Mutations 1n the Fc¢ region are also

and Mueller et al, Mol

Immunol 1997 Apr;34(6):441-52, each of which 1s incorporated by reference in 1ts entirety. The

numbering referenced herein refers to the Kabat numbering system for the Fc¢ region.

[0059] In some embodiments, the Fc region comprises the sequence selected from:

APELLGGPSVFLEFPPKPKDTLMISRTP
VLHODWLNGKEYKCKVSNKALPAPI
GRQPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWQOGNVESCSVMH

15) ;

APERLLGGPSVFLEFPPKPKDTLMISRTP
VLHOQDWLNGKEYKCKVSNKALPAPIT
GRPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWQOQGNVESCSVMH

J/0); or

APPVAGPSVEFLEFPPKPKDTLMISRTP
VHODWLNGKEYKCKVSNKGLPAPIT

EVITCVVVDVSH
EKTISKAKGQPR

EVITCVVVDVSH
EKTISKAKGQPR

EVTCVVVDVSH
EKTISKTKGQPRI

EPOVYTLPPSRD

EDPEVQEFNWYVDGVEVHNAKTKPR
LPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEW

QPENNYKTTPPMLDSDGSEFEFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPG

77); or

ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYEP

TOQITYICNVNHKPSNTKVDKRV]

EVKENWYVDGV.

CVHNAKTKPRE

CPKSCDKTHTCPPCPAP

-

YTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEW
SVMHEALHNHYTQKSLSLSPG

ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYEP

TQTYICNVNHKPSNTKVDKKV]

EVKENWYVDGV.

CPRKSCDKTHTCPPCPAP

(SEQ ID NO:

-l

CVHNAKTKPREE

YTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEW.

SVMHEALHNHYTQKSLSLSPGK

ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYEP

TQTYICNVNHKPSNTKVDKKV]

EVKENWYVDGV.

L PKSCDKTHTCPPCPAP

g4 )

o NGQP

(SEQ ID NO:

CVHNAKTKPREE

=l

YTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEW
SVMHEALHNHYTQKSLSLSPG

ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYEP

TOQTYICNVNHKPSNTKVDKKV]

EVKENWYVDGV.

L PKSCDKTHTCPPCPAP

87)

CQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPL
ESNGQP

o NGQP

(SEQ ID NO:

CVHNAKTKPREE

=]

YTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEW.

08 )

Lo NGQP

12

QYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIT

(SEQ ID NO:

EDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
ELTKNQVSLTCLVKGEYPSDIAV]
EALHNHYTQKSLSLSPGK (SEQ ID NO:

CWESN

EDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
EPQVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAV.
FALHNHYTQKSLSLSPGK (SEQ ID NO:

CWESN

CEQEFNSTERVVSVLTV
ESNG

EPVIVSWNSGALTSGVHTEFPAVILQSSGLYSLSSVVIVPSSSLG
ELLGGPSVELEPPKPKDTLYITR

L PEVICVVVDVSHEDP

EKTISKAKGQPR
ENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWQOGNVESC

EPQV

EPVIVSWNSGALTSGVHTEFPAVILQSSGLYSLSSVVIVPSSSLG
ELLGGPSVFLEFPPKPKDTLMISRTP
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIT

EVTCVVVDVSHEDP
EKTISKAKGQPR

EPQV

ENNYKTTPPVLDSDGOFFLYSKLTVDKSRWQOGNVESC

EPVIVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVIVPSSSLG
ELLGGPSVFLEFPPKPKDTLMISRTPE
QYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIT

EVITCVVVDVSHEDP
EKTISKAKGQPR

EPQV

ENNYKTTPPVLDSDGSEFEFLYSKLTVDKSRWQOGNVESC

EPVIVSWNSGALTSGVHTEFPAVLQSSGLYSLSSVVIVPSSSLG
ELLGGPSVEFLEFPPKPKDTLYITR

L PEVITCVVVDVSHEDP

EKTISKAKGQPR
ENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWQOQGNVESC

EPQV
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SVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 89)

ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYEFPEPVIVSWNSGALTSGVHTEPAVLOSSGLYSLSSVVIVPSSSLG
TOQITYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLY I TREPEVICVVVDVSHEDP
EVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQQGNVESC
SVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 90)

[0060] A “Fab' fragment” contains one light chain and a portion or fragment of one heavy chain
that contains the Vu domain and the C g1 domain and also the region between the Cy1l and C g2 domains,
such that an interchain disulfide bond can be formed between the two heavy chains of two Fab' fragments
to form a F(ab') » molecule.

[0061] A “F(ab'), fragment” contains two light chains and two heavy chains containing a portion
of the constant region between the Cu1 and Cy” domains, such that an interchain disulfide bond is formed
between the two heavy chains. A F(ab') 2 fragment thus 1s composed of two Fab' fragments that are held
together by a disulfide bond between the two heavy chains.

[0062] The “Fv region” comprises the variable regions from both the heavy and light chains, but
lacks the constant regions.

[0063] The term “single-chain Fv” or “scFv” antibody refers to antibody fragments comprising
the Vu and VL domains of an antibody, wherein these domains are present 1n a single polypeptide chain.
Generally, the Fv polypeptide further comprises a polypeptide linker between the Vu and VL domains
which enables the scFv to form the desired structure for antigen binding. For a review of scFv, see
Pluckthun (1994) THE PHARMACOLOGY OF MONOCLONAL ANTIBODIES, vol. 113, Rosenburg and Moore
eds. Springer-Verlag, New York, pp. 269-315. See also, International Patent Application Publication
No. WO 88/01649 and U.S. Pat. Nos. 4,946, 778 and 5,260,203.

[0064] A “domain antibody” 1s an itmmunologically functional immunoglobulin fragment
containing only the variable region of a heavy chain or the variable region of a light chain. In some
instances, two or more Vyregions are covalently joined with a peptide linker to create a bivalent domain
antibody. The two Vuregions of a bivalent domain antibody may target the same or different antigens.

[0065] A “bivalent antibody” comprises two antigen binding sites. In some instances, the two
binding sites have the same antigen specificities. However, bivalent antibodies may be bispecific (see

below).
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[0066] In certain embodiments, monoclonal antibodies herein also include camelized single
domain antibodies. See, e.g., Muyldermans ef al. (2001) Trends Biochem. Sci. 26:230; Reichmann ef
al. (1999) J. Immunol. Methods 231:25; WO 94/04678; WO 94/25591; U.S. Pat. No. 6,005,079). In one
embodiment, the present invention provides single domain antibodies comprising two Vu domains with
modifications such that single domain antibodies are formed.

|0067] As used herein, the term “diabodies” refers to small antibody fragments with two antigen-
binding sites, which fragments comprise a heavy chain variable domain (Vu) connected to a light chain
variable domain (VL) in the same polypeptide chain (Vu-VL or VL-Vu). By using a linker that 1s too
short to allow pairing between the two domains on the same chain, the domains are forced to pair with
the complementary domains of another chain and create two antigen-binding sites. Diabodies are
described more fully in, e.g., EP 404,097, WO 93/11161; and Holliger ef al. (1993) Proc. Natl. Acad.
Sci. USA 90: 6444-6448. For a review of engineered antibody variants generally see Holliger and
Hudson (2005) Nat. Biotechnol. 23:1126-1136.

[0068] Typically, a variant antibody or antigen binding fragment of the antibodies provided
herein retain at least 10% of 1ts IGF-1R binding activity (when compared to a parental antibody that 1s
modified) when that activity 1s expressed on a molar basis. In some embodiments, a variant antibody
(or antigen fragment thereof), or antigen binding fragment of an antibody provided herein, retains at
least 20%, 50%, 70%, 80%, 90%, 95% or 100% or more of the IGF-1R binding affinity as the parental
antibody. As described herein,. 1t 1s also intended that an antibody or antigen binding fragment of the
invention can include conservative or non-conservative amino acid substitutions, which can also be
referred to as “conservative variants” or “function conserved variants” of the antibody, that do not
substantially alter 1ts biologic activity.

[0069] “Isolated antibody” refers to the purification status of a binding compound and 1n such
context means the molecule 1s substantially free of other biological molecules such as nucleic acids,
proteins, lipids, carbohydrates, or other material such as cellular debris and growth media. Generally,
the term “1solated” 1s not intended to refer to a complete absence of such material or to an absence of
water, bufters, or salts, unless they are present in amounts that substantially interfere with experimental
or therapeutic use of the binding compound as described herein.

[0070] The term “monoclonal antibody”, as used herein, refers to population of substantially

homogeneous antibodies, i.e., the antibody molecules comprising the population are 1dentical 1n amino
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acid sequence except for possible naturally occurring mutations that may be present in minor amounts.
In contrast, conventional (polyclonal) antibody preparations typically include a multitude of different
antibodies having different amino acid sequences in their variable domains, particularly their CDRs, that
are often specific for different epitopes. The modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and 1s not to be
construed as requiring production of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the present invention may be made by the
hybridoma method first described by Kohler e al. (1975) Nature 256: 495, or may be made by
recombinant DNA methods (see, e.g., U.S. Pat. No. 4,816,567). The “monoclonal antibodies” may also
be 1solated from phage antibody libraries using the techniques described 1n Clackson et al. (1991) Nature
352: 624-628 and Marks ef al. (1991) J. Mol. Biol. 222: 581-597, for example. See also Presta (2005)
J. Allergy Clin. Immunol. 116:731.

[0071] As used herein, a “chimeric antibody” 1s an antibody having the variable domain from a
first antibody and constant domain from a second antibody, where the first and second antibodies are
from different species. (U.S. Pat. No. 4,816,567; and Morrison ef al., (1984) Proc. Natl. Acad. Sci. USA
81: 6851-6855). Typically the variable domains are obtained from an antibody from an experimental
animal (the “parental antibody”), such as a rodent, and the constant domain sequences are obtained from
human antibodies, so that the resulting chimeric antibody will be less likely to elicit an adverse immune
response in a human subject than the parental (e.g. rodent) antibody.

[0072] As used herein, the term “humanized antibody” refers to forms of antibodies that contain
sequences from both human and non-human (e.g., murine, rat) antibodies. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, 1n which all
or substantially all of the hypervariable loops correspond to those of a non-human immunoglobulin, and
all or substantially all of the framework (FR) regions are those of a human immunoglobulin sequence.
The humanized antibody may optionally comprise at least a portion of a human immunoglobulin
constant region (Fc).

|0073] The term “fully human antibody” refers to an antibody that comprises human
immunoglobulin protein sequences only. A fully human antibody may contain murine carbohydrate
chains 1f produced in a mouse, 1n a mouse cell, or in a hybridoma derived from a mouse cell. Similarly,

“mouse antibody” refers to an antibody that comprises mouse immunoglobulin sequences only.
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Alternatively, a fully human antibody may contain rat carbohydrate chains 1f produced 1n a rat, 1n a rat
cell, or in a hybridoma derived from a rat cell. Similarly, “rat antibody” refers to an antibody that
comprises rat immunoglobulin sequences only.

|0074] In general, the basic antibody structural unit comprises a tetramer. Each tetramer
includes two 1dentical pairs of polypeptide chains, each pair having one “light” (about 25 kDa) and one
“heavy” chain (about 50-70 kDa). The amino-terminal portion of each chain includes a variable region
of about 100 to 110 or more amino acids primarily responsible for antigen recognition. The carboxy-
terminal portion of the heavy chain may define a constant region primarily responsible for eftector
function. Typically, human light chains are classified as kappa and lambda light chains. Furthermore,
human heavy chains are typically classified as mu, delta, gamma, alpha, or epsilon, and define the
antibody's 1sotype as IgM, IgD, IgG, IgA, and IgE, respectively. Within light and heavy chains, the
variable and constant regions are joined by a “J” region of about 12 or more amino acids, with the heavy

chain also including a “D” region of about 10 more amino acids. See generally, Fundamental

Immunology Ch. 7 (Paul, W, ed., 2nd ed. Raven Press, N.Y. (1989).

[0075] The varniable regions of each light/heavy chain pair form the antibody binding site. Thus,
1in general, an intact antibody has two binding sites. Except in bifunctional or bispecific antibodies, the
two binding sites are, in general, the same.

[0076] Typically, the variable domains of both the heavy and light chains comprise three
hypervariable regions, also called complementarity determining regions (CDRs), located within
relatively conserved framework regions (FR). The CDRs are usually aligned by the framework regions,
enabling binding to a specific epitope. In general, from N-terminal to C-terminal, both light and heavy

chains variable domains comprise FR1, CDR1, FR2 |, CDR2, FR3, CDR3 and FR4. The assignment of

amino acids to each domain 1s, generally, 1n accordance with the definitions of Sequences of Proteins of

Immunological Interest, Kabat, ef a/.; National Institutes of Health, Bethesda, Md. ; 5" ed.; NIH Publ.
No. 91-3242 (1991), Kabat (1978) Adv. Prot. Chem. 32:1-735; Kabat, ef al., (1977) J. Biol. Chem.
252:6609-6616; Chothia, ef al., (1987) J Mol. Biol. 196:901-917 or Chothia, ef al., (1989) Nature
342:878-883.

|0077] As used herein, the term “hypervariable region” refers to the amino acid residues of an
antibody that are responsible for antigen-binding. The hypervariable region comprises amino acid

residues from a “complementarity determining region” or “CDR” (i.e. residues 24-34 (CDRL1), 50-56
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(CDRL2) and 89-97 (CDRL3) 1n the light chain variable domain and residues 31-35 (CDRH1), 50-65
(CDRH2) and 95-102 (CDRH3) in the heavy chain variable domain; Kabat e al. (1991) Sequences of
Proteins of Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md.) and/or those residues from a “hypervariable loop” (i.e. residues 26-32 (CDRL1), 50-52
(CDRL2) and 91-96 (CDRL3) in the light chain variable domain and 26-32 (CDRH1), 53-55 (CDRH2)
and 96-101 (CDRH3) 1n the heavy chain variable domain; Chothia and Lesk (1987) J. Mol. Biol. 196:
901-917). As used herein, the term “framework™ or “FR” residues refers to those variable domain
residues other than the hypervariable region residues defined herein as CDR residues. CDRs provide the
majority of contact residues for the binding of the antibody to the antigen or epitope. CDRs of interest
can be dertved from donor antibody variable heavy and light chain sequences, and include analogs of
the naturally occurring CDRs, which analogs also share or retain the same antigen binding specificity
and/or neutralizing ability as the donor antibody from which they were derived.

[0078] Additionally, in some embodiments, the antibodies can take the form of a full length
antibody, single-domain antibody, a recombinant heavy-chain-only antibody (VHH), a single-chain
antibody (scFv), a shark heavy-chain-only antibody (VNAR), a microprotein (cysteine knot protein,
knottin), a DARP1n; a Tetranectin; an Affibody; a Transbody; an Anticalin; an AdNectin; an Affilin; a
Microbody; a peptide aptamer; an alterase; a plastic antibody; a phylomer; a stradobody; a maxibody;
an evibody; a fynomer, an armadillo repeat protein, a Kunitz domain, an avimer, an atrimer, a probody,
an immunobody, a triomab, a troybody; a pepbody; a vaccibody, a UniBody; Affimers, a DuoBody, a
Fv, a Fab, a Fab', a F(ab')2, a peptide mimetic molecule, or a synthetic molecule, as described in US
Patent Nos. or Patent Publication Nos. US 7,417,130, US 2004/132094, US 5,831 ,012, US
2004/023334, US 7,250,297, US 6,818,418, US 2004/209243, US 7,838,629, US 7,186,524, US
6,004,746, US 5,475,096, US 2004/146938, US 2004/157209, US 6,994,982, US 6,794,144, US
2010/239633, US 7,803,907, US 2010/119446, and/or US 7,166,697, the contents of each of which are
hereby incorporated by reference in their entireties. See also, Storz MAbs. 2011 May-Jun; 3(3): 310-
317, which 1s hereby incorporated by reference.

|0079] The term “antigen” as used herein means any molecule that has the ability to generate
antibodies either directly or indirectly or that binds to antibody. Included within the definition of
“antigen” 1s a protein-encoding nucleic acid. An “antigen” can also refer to the binding partner of an

antibody. In some embodiments, the antigen 1s the IGF-1R protein expressed on the surface of a cell.
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In some embodiments, the cell 1s an intact cell. An intact cell 1s a cell that has not been lysed or broken
open with the use of detergents or other reagents. A cell that has been treated with detergents or other
reagents that breaks up the cellular membrane or punches holes 1n a cellular membrane 1s not an intact
cell. For example, methods are provided herein for generating an antibody that binds to a IGF-1R
protein, the method comprising culturing a cell comprising a nucleic acid molecule encoding the IGF-
1R antibody.

[0080] As wused herein, “specific binding” or “immunospecific binding” or “binds
immunospecifically” refer to antibody binding to a predetermined antigen (e.g. IGF-1R) or epitope
present on the antigen. In some embodiments, the antibody binds with a dissociation constant (Kp) of
107" M or less, and binds to the predetermined antigen with a Kp that is at least two-fold less than its Kp
for binding to a non-specific antigen (e.g., BSA, casein, or another non-specific polypeptide) other than
the predetermined antigen. The phrases “an antibody recognizing IGF-1R * and “an antibody specific
for IGF-1R” are used interchangeably herein with the term “an antibody which binds
immunospecifically to IGF-1R.” Reference in the present disclosure may be made to IGF-1R. The
degree of specificity necessary for an anti-IGF-1R antibody may depend on the intended use of the
antibody, and at any rate 1s defined by 1ts suitability for use for an intended purpose. In some
embodiments, the antibody, or binding compound derived from the antigen-binding site of an antibody,
of the contemplated method binds to its antigen (IGF-1R), with an affinity that is at least two fold greater,
at least ten times greater, at least 20-times greater, or at least 100-times greater than the atfinity with any
other antigen.

[0081] Methods for determining mAb specificity and affinity by competitive inhibition can be
found 1n Harlow, et al., Antibodies: A Laboratory Manual, Cold Sprin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>