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EGFR TARGETED THERAPY OF NEUROLOGICAL DISORDERS AND PAIN

FIELD OF THE INVENTION

The present invention relates to compositions and methods for treatment of
neurological disorders. In particular, the present invention relates to the epidermal growth
factor receptor (EGFR) as a clinical target for treatment of neurological disorders,
preferably in conjunction with neuropathic pain. The invention relates in more detail to

compositions comprising inhibitors of EGFR.

BACKGROUND OF THE INVENTION

Chronic and/or neuropathic pain after nerve injury is a major health problem
worldwide. Neuropathic pain (NP) is caused by a primary lesion or disease of the
somatosensory system (Jensen TS, Baron R, Haanpaa M, et al. A new definition of
neuropathic pain. Pain 2011;152:2204-5). Not uncommonly, its severity, chronicity and the
poor side-effect to benefit ratio of current pharmacotherapy for NP (Dworkin RH. An
overview of neuropathic pain: syndromes, symptoms, signs, and several mechanisms.

Clin J Pain 2002:18:343-9; Finnerup NB, Sindrup SH, Jensen TS. The evidence for
phafmacological treatment of neuropathic pain. Pain 2010;150:573-81) lead to severely
impaired physical and psychological functioning among sufferers (Jensen MP, Chodroff
MJ, Dworkin RH. The impact of neuropathic pain on health-related quality of life: review
and implications. Neurology 2007;68:1178-82). In the general population, the incidence of
NP is estimated to be 1% (Dieleman JP, Kerklaan J,. Huygen FJ, Bouma PA, Sturkenboom
MC. Incidence rates and treatment of neuropathic pain conditions in the general
population. Pain 2008;137:681-8) and rising (Dworkin, supra). The resulting prevalence of
moderate to severe chronic NP is 5% (Bouhassira D, Lanteri-Minet M, Attal N, Laurent B,
Touboul C. Prevalence of chronic pain with neuropathic characteristics in the general
population. Pain 2008;136:380-7), making it a common and formidable heaith problem

woridwide.

Despite the numerous etiologies of NP, the mechanism of its perpetuation,
regardless of origin, appears to involve the interaction of neuronal, glial and immune celis
(Scholz J, Woolf CJ. The neuropathic pain triad: neurons, immune cells and glia. Nat
Neurosci 2007;10:1361-8). Communication between these cells has been attributed to
signaling via the family of mitogen-activated protein kinase (MAPK) proteins (Ji RR,
Gereau RWt, Malcangio M, Strichartz GR. MAP kinase and pain. Brain Res Rev
2009;60:135-48).
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Neuropathic pain is a complex, chronic pain state that usually is accompanied by
tissue injury. With neuropathic pain, the nerve fibers themselves may be damaged,
dysfunctional or injured. These damaged nerve fibers send incorrect signals to other pain
centers. The impact of nerve fiber injury includes a change in nerve function both at the
site of injury and areas around the injury. Some neuropathic pain studies suggest the use
of non-steroidal anti-inflammatory drugs, such as Aleve or Motrin, may ease pain. Some
people may require a stronger painkiller, such as those containing morphine.
Anticonvulsant and antidepressant drugs seem to work in some cases. If another

condition, such as diabetes, is involved, better management of that disorder may alleviate

the pain.

In cases that are difficult to treat, a pain specialist may use invasive or implantable

device therapies to manage the pain. Electrical stimulation of the nerves involved in

neuropathic pain generation may also control the pain symptoms.

Unfortunately, neuropathic pain often responds poorly to standard pain treatments
and occasionally may get worse instead of better over time. For some people, it can lead

to serious disability. Current treatments are characterized by an unsatisfactory side effect

to benefit-ratio.

Thus, additional therapies that target neurological disorders such as neuropathic

pain are urgently needed.
SUMMARY OF THE INVENTION

The present invention relates to compositions and methods for treatment of
neurological disorders. In particular, the present invention relates to EGFR as a clinical
target for treatment of neurological disorders, preferably accompanied by neuropathic

pain.

EGFR is widely expressed on nerve fibers (Andres et 'al., Quantitative automated
microscopy (QuUAM) elucidates growth factor specific signalling in pain sensitization,
Molceular Pain 2010, 6:98). However, in contrast to our observations, have several
authors reported that EGFR inhibitors induced abdominal, chest and generalized pain
when used in cancer therapy (Andres et al.. Quantitative automated microscopy (QuAM)
elucidates growth factor specific signalling in pain sensitization, Molceular Pain 2010,
6:98.; Ciardiello et al., Interaction between the epidermal growth factor receptor (EGFR)
and the vascular endothelial growth factor (VEGF) pathways: a rational approach for multi-
target anticancer therapy. Ann Oncol 2006, 17(Suppl 7):vii109-114; Dragnev et al.,
Bexarotene and erlotinib for aerodigestive tract cancer. J Clin Oncol 2005, 23:8757-8764;
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Folprecht et al: Phase | pharmacokinetic/pharmacodynamic study of EKB-569, an
irreversible inhibitor of the epidermal growth factor receptor tyrosine kinase, in
combination with irinotecan, 5-fluorouracil, and leucovorin (FOLFIRI) in first-line treatment
of patients with metastatic colorectal cancer. Clin Cancer Res 2008,14:215-223; and
Atalay et al., Novel therapeutic strategies targeting the epidermal growth factor receptor
(EGFR) family and its downstream effectors in breast cancer. Ann Oncol 2003, 14:1346-

1363).

Surprisingly, and in contrast to these observations that EGFR inhibitors cause pain,
the inventors have discovered that the administration of antigen binding protein EGFR
inhibitors such as anti-EGFR antibodies like cetuximab (Erbitux ®) and panitumumab
(Vectibix®) or small molecule EGFR inhibitors such as gefitinib (Iressa®) and erlotinib
(Tarceva®) alleviate symptoms across a range of various categories of neuropathic pain
(e.g., toxic, metabolic, trauma, compressive, autoimmune, infectious and
hereditary/congenital neuropathic pain) involving different types of nerve fibers. The effect
can be observed even in cases where said inhibitors, which are per se known and

approved as anti-cancer drugs, are applied to patients that do not suffer from cancer

diseases.

Accordingly, the present invention provides for the use of EGFR inhibitors to treat
pain symptoms in a subject. In some preferred embodiments, the present invention
provides for the use of EGFR inhibitors to alleviate one or more symptoms of neuropathic
pain in a subject. The present invention is not limited to alleviation of any particular
symptoms of neuropathic pains and includes, but is not limited to alleviation of shooting

and burning pain and well as tingling and numbness and combinations thereof.

Accordingly, in some embodiments, the present invention provides methods of
treating a subject with pain, preferably neuropathic pain, more preferably severe
neuropathic pain comprising administering to said subject an agent that inhibits at least
one biological function of EGFR. The invention further provides compositions comprising
at least an agent that inhibits at least one biological function of EGFR for use for the
treatment of neurological disorders, preferably neurological disorders accompanied by

pain, preferably severe neuropathic pain.
In some embodiments, the neuropathic pain is hon-compressive neuropathic pain.

In some embodiments, the neuropathic pain is compressive neuropathic pain. In some
embodiments, the compressive neuropathic pain is non-cancer related. In some

embodiments, the compressive neuropathic pain is cancer related. In some
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embodiments, the compressive neuropathic pain is pain associated with a syndrome
selected from the group consisting of failed back surgery syndrome, carpal tunnel

syndrome, compartment syndrome and sciatica.

In some embodiments, the neuropathic pain is toxic neuropathic pain. |n some
embodiments, the toxic neuropathic pain is chemotherapy-induced peripheral neuropathy.
In some embodiments, the toxic neuropathic pain is selected from pain associated with

exposure to an agent selected from the group consisting of lead, arsenic, asbestos,

Isoniazid and thallium.

In some embodiments, the neuropathic pain is metabolic neuropathic pain. In some
embodiments, the metabolic neuropathic pain is selected from pain associated with painful
diabetic neuropathy, nutritional deficiency, alcohol induced neuropathy and thiamine

deficient axonal sensorimotor burning neuropathy.

In some embodiments, the neuropathic pain is traumatic neuropathic pain. In some

embodiments, the traumatic neuropathic pain is associated with a syndrome selected from

the group consisting of phantom limb syndrome and compiex regional pain syndrome.

In some embodiments, the neuropathic pain is autoimmune neuropathic pain. In some
embodiments, the autoimmune neuropathic pain is selected from the group consisting of

chronic inflammatory demyelinating polyneuropathy and vasculitic neuropathy.

In some embodiments, the neuropathic pain is infectious neuropathic pain. In some
embodiments, the infectious neuropathic pain is selected from the group consisting of
postherpetic neuralgia and painful HIV-distal sensory polyneuropathy. In some

embodiments, the neuropathic pain is congential or hereditary neuropathic pain.

In some embodiments, the pain is associated with pain nerve fiber type A. In some
embodiments, the pain is associated with pain nerve fiber type B. In some embodiments,
the pain is associated with pain nerve fiber type C. In some embodiments, the pain is

associated with demyelinated nerve fibers.

In some embodiments, the agent reduces or modulates symptoms of said pain,
wherein said symptom is selected from the group consisting of shooting pain, burning

pain, tingling, numbness and combinations thereof.

In some embodiments, the method provides for the long term palliative care of a subject.

In some embodiments, the long term palliative care is for a period selected from the group
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consisting of longer than six months, longer than 12 months, longer than 24 months,

longer than 36 months, longer than 48 months and longer than 60 months.

In some embodiments, the method provides for reduction of the dosage of opioid agents
for a subject. In some embodiments, the dosage of said agent is reduced following initial

administration of said agent.

In some embodiments, the agent is an antigen binding protein that inhibits at least
one biological function of EGFR, such as an anti EGFR antibody or a biologically effective
fragment thereof. In some embodiments, the antigen binding protein is an anti EGFR
antibody, selected from the group consisting of cetuximab, , matuzumab, necitumumab,
nimotuzumab, panitumumab, and zalutumumab. In some embodiments, the antigen

binding protein is selected from the group consisting of cetuximab or panitumumab.

In some embodiments, the antigen' binding protein is cetuximab and the
administration is every 5 to 14 days. In some embodiments, the cetuximb is administered
at an initial dose of about 300 to 500 mg per square meter, followed by weekly infusion of
about 100 to 500 mg per square meter. In some embodiments, the antigen binding protein

is panitumumab and the administration is every 10 to 20 days.

In some embodiments, the panitumumab is administered at an initial dose of 6
mg/kg, followed by biweekly infusions of about 6 mg/kg. In some embodiments,
administration comprises infusion of an antigen binding protein inhibitor of EGFR.

In some embodiments, the agent is a small molecule drug that inhibits at least one
biological function of EGFR, and said administration is oral. In some embodiments, the
small molecule drug is selected from the group consisting of afatinib, erlotinib, gefitinib,

lapatinib, and neratinib.

In some embodiments, the small molecule drug Is selected from the group
consisting of gefitinib and erlotinib. In some embodiments, the small molecule drug is
gefitinib and the administration is 10 to 250 mg daily. In some embodiments, the small
molecule drug is erlotinib and the administration is 10 to 300 mg daily. In some

embodiments, the administration comprises oral administration of a small molecule
inhibitor of EGFR.

In some embodiments, administration comprises administration of an antigen
binding protein inhibitor of EGFR followed by administration of a small molecule inhibitor of

EGFR. In some embodiments, the subject is a human.
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In some embodiments, the present invention provides methods of treating a
subject with a neurological disorder, preferably accompanied by neuropathic pain,
comprising administering to said subject an agent that inhibits at least one biological
function of an EGFR polypeptide. In some embodiments, the present invention provides
pharmaceutical compositions comprising at least an agent that inhibits at least one
biological function of an EGFR polypeptide for use for said treatment methods.

In some embodiments, the subject exhibits symptoms of a neurological disorder
and said administering said agent reduces or modulates symptoms of said neurological
disorder, preferably reduces or eliminates neuropathic pain In some embodiments, the
subject does not have cancer or has not been previously treated for cancer. In a preferred
embodiment of the invention, the neurological disorder is neuropathic pain, or Is

accompanied by neuropathic pain.

In some embodiments, the neurological disorder is selected from the group
consisting of pain, sciatica, multiple sclerosis, depression, dementia, Parkinson’s disease,

stroke, axotomia, and ischemia or reperfusion injury, Down’s syndrome and autism.

In some embodiments, the agent that inhibits at least one biological function of an
EGFR polypeptide is co-administered with at least additional therapeutic agent, preferably
a therapeutic agent that palliates or prevents pain In some embodiments, the at least
additional therapeutic agent is selected from the group consisting of non-steroidal
anti-inflammatory drugs, steroidal anti-inflammatory drugs, opioid-based drugs,
antidepressants, anticonvulsants, antiepileptics, anti-anxiety drugs, and cannibinoids and

combinations thereof.

The known agents according to the invention that inhibit at least one biological function of
an EGFR polypeptide are currently used and approved as anti-cancer agents usually in a
combination treatment with chemotherapeutic agents, such has irinotecan, FOLFIRI,
FOLFOX, paclitaxel and others. In many cases, the anti-cancer effect of these agents,
above all when anti-EGFR antibodies are applied, is present only in conjunction with a
chemotherapeutic énd / or radiotherapeutic treatment setting. In contrast to that, the
agents and compositions according to the present invention elicit their pain-palliating
efficacy independent on any anti-cancer efficacy, and independent on the presence of a
cancer disease. Nonetheless, the EGFR inhibiting agents and compositions according to
the Invention, preferably cetuximab, panitumumab, erlotinib and gefitinib, can be
successfully used as monotherapy in cancer therapy accompanied by neuropathic pain
which is usually caused there by tumor growth and / or by the side effects of the applied

chemotherapeutic agents. They are also effective in patients suffering from cancer and, in

{
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addition, from neurological diseases which are not caused or influenced by the primary or

secondary cancer disease.

It is a striking result of the current invention that the EGFR inhibiting agents and
compositions according to the invention, are effective in neuropathic pain reduction much
faster than the same agents applied in a very similar dose setting in cancer therapy. If
applied by intravenous administration by a one-time or initial dose of 250 — 500 mg/m? a
pain reduction of at least 50% compared to the untreated condition can be obtained after

less than 24h, preferably less than 12h, and most preferably less than 6h.

Therefore, it is an object of the present invention to provide EGFR inhibiting agents
according to the invention that reduce neuropathic pain in a patient suffering from a
neurological disease and / or a cancer disease by intravenous administration of an initial
or single dose of preferably 250 — 500mg/m? of an antibody or polypeptide, such as
cetuximab or panitumumab, and of 10 — 300mg of a small molecule drug, such as erlotinib
or gefitinib, by more than 50% of the individual pain score compared to untreated condition
within 4h — 6h after administration, and by more than 90% within 12h-24h after
administration dependent on the nature and severity of the neuropathic pain. In case of
cetuximab a pain reduction of about 90% can be obtained already after 4 — 6 h after

administration.

It is a further object of the present invention to provide EGFR inhibiting agents according
to the invention that reduce neuropathic pain in a patient suffering from a neurological
disease and / or a cancer disease by intravenous administration of an initial or single dose
of 250 — 500mg/m? of an antibody or polypeptide, such as cetuximab or panitumumab,
wherein said analgesic effect is lasting more than 4 days, preferably 5 — 20 days, without a
second or further dose of the same agent is needed to be administered. As a rule, the
intravenous administration may be repeated in this case every 5 — 14 days, preferably
every 10 — 20 days, dependent on the nature of the drug. During this time, the additional
administration of analgesic drugs can be reduced or omitted. Therefore, in another
embodiment of the treatment, the simultaneous administration of other analgesic drugs, or
pain killers, such as opioids, can be reduced by at least 50%, 60%, 70%, 80%, 90% or
100%.

In addition, it is an object of the present invention to provide EGFR inhibiting agents
according to the invention that reduce neuropathic pain in a patient suffering from a
neurological disease and / or a cancer disease by oral administration of an initial or single
dose of preferably 50 — 200mg to a patient suffering from a neurological disease by more

than 50% compared to the untreated condition within 12h — 24h after administration, and
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by more than 90% within 24h — 48h after administration. As a rule, the oral administration
may be repeated in this case every 1 — 3 days, preferably every day, dependent on the
nature of the drug. During this time, the additional administration of analgesic drugs can
be reduced or omitted. Therefore, in another embodiment of the treatment, the
simultaneous administration of other analgesic drugs, or pain killers, such as oploids, can
be reduced by at least 50%, 60%, 70%, 80%, 90% or 100%.

In another embodiment of the invention the treatment comprises a first initial intravenous
administration of an anti-EGFR antibody, such as cetuximab and panitumumab, or a
biologically active fragment thereof, followed after 5 — 20 days by oral administration of a
small molecule drug, such as erlotinib or gefitinib, every 1 — 3 days, and optionally

reducing or omitting other analgesic drugs such as opioids.

It was further found by the inventors that the EGFR inhibiting agents of the invention may

reduce pathologic symptoms accompanying the neuropathic pain, for example, edema

and skin rash in autoimmune neuropathic related disorders, like vasculitis neuropathy.
In sum, the inventions provides:

e A pharmaceutical composition or a method for use of the composition comprising an
agent that inhibits at least one biological function of EGFR for use for treating a
subject suffering from a neurological disease accompanied by pain, solely or in
conjunction with a cancer disease, wherein said pain is neuropathic pain selected
from the group consisting of nhon-compressive neuropathic pain, compressive
neuropathic pain, toxic neuropathic pain, metabolic neuropathic pain, traumatic
neuropathic pain, autoimmune neuropathic pain, infectious neuropathic pain, and
congential or hereditary neuropathic pain. In a specific embodiment of the invention
the methods and compositions are for use in for a treatment of neuropathic pain,
wherein the neuropathic pain iIs compressive neuropathic pain in conjunction with a
cancer disease, or wherein the neuropathic pain is toxic neuropathic pain in
conjunction with chemotherapy.

o A respective pharmaceutical composition or a method for use of the composition,
wherein the agent that inhibits at least one biological function of EGFR is an anti-
EGFR antibody or a biologically active portion thereof, and / or a small molecule drug
inhibiting EGFR. Accroding to the invention the anti-EGFR antibody is selected from
the group consisting of cetuximab, panitumumab, matuzumab, necitumumab,
nimotuzumab, and zalutumumab, and the small molecule drug is selected from the

group consisting of afatinib, erlotinib, gefitinib, lapatinib, and neratinib.
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A respective pharmaceutical composition or a method for use of the composition,
wherein the anti-EGFR antibody is applied by at least one initial preferably
intravenous infusion administration of 300 to 500 mg/m?, followed by one or more
subsequeht administrations of about 100 to 500 mg/m* every 5 to 20 days, preferably
every 7 — 20 days, dependent on the pharmacokinetic nature of the antibody, wherein
said administration causes pain relief by 50 to 100% compared to the untreated
subject within less than 4 — 10h, preferably less than 2h after said administration for at
least 5 to 20 days, preferably 5 to 10 days.

A respective pharmaceutical composition or a method for use of the composition,
wherein the small molecule drug is applied by preferably oral administration of an
initial dose of 50 to 300 mg followed by a subsequent dose of 10 — 200 mg every 1 to
3 days, preferably daily, wherein said administration causes pain relief by 50 to 100%
compared to the untreated subject within less than 12 — 24h after said administration

for at least 2 to 5 days, dependent on the pharmacokinetic nature of the drug.

A respective pharmaceutical composition or a method for use of the composition,
wherein said anti-EGFR antibody is applied by at least one initial intravenous infusion
administration of 300 to 500 mg/m?, after 5 to 20 days, preferably every 7 — 20 days,
dependent on the pharmacokinetic nature of the antibody, followed by at least one
subsequent oral administration of said small molecule drug of about 10 to 300 mg,
preferably 50 to 200 mg, every 1 to 3 days, preferably daily,wherein said
administration causes pain relief by 50 to 100% compared to the untreated subject
within less than 4 — 10h after said initial administration of said anti-EGFR antibody,
and said pain relief is lasting during the treatment intervals indicated..

A respective pharmaceutical composition or a method for use of the composition,
wherein the anti-EGFR antibody is cetuximab or panitumumab, and the small
molecule drug is erlotinib or gefitinib.

A respective pharmaceutical composition or a method for use of the composition
wherein said EGFR inhibiting agent or agents is or are co-administered with at least
one analgesic drug, selected from the group consisting of non-steroidal anti-
inflammatory drugs, steroidal anti-inflammatory drugs, paracetamol, COX-2 inhibitors,
opioids and cannibinoids, flupirtine, specific agents such as pregabalin and
gabapentin.

A respective pharmaceutical composition or a method for use of the composition
wherein an analgesic drug is additionally administered in an amount which is reduced
by 10 — 100%, preferably by 50 — 90% compared to the subject which is not treated
with said EGFR inhibiting agent. |

DESCRIPTION OF THE FIGURES AND TABLES
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Figures 1a-d describe graphically the clinical course of case 1 over period of 69
months. Progression of the pelvic tumor in case 1 during this period is shown In the

magnetic resonance image (MRI) in Figure 2a-c.

Figures 2a-c. Recurrent and progressive rectal cancer. Arrows indicate tumor
changes affecting the left sacral plexus and left sciatic nerve. 2a. MRI taken three
months prior to starting capecitabine, oxaliplatin and cetuximab (corresponds to MRI 2 In
figure 1a) . There is a presacral recurrence that extends along the left sciatic nerve. 2b.
MRI taken 4 months after starting capecitabine, oxaliplatin and cetuximab (corresponds to
MRI 3 in figure 1b). Both the presacral recurrence and its extension along the sciatic
nerve have increased in size. MRI taken eight months after starting cetuximab
monotherapy for analgesia (corresponds to MRI 4 in figure 1d). There is further

progression of the recurrence in the presacral area and along the left sciatic nerve.

Figure 3 provides graphs of BPl-measurements before and after introduction of
EGFR-inhibition for cases 2-5.

Figures 4 a-d provide graphic depictions of patients treated according to the
present invention. a) Case 2. Photographs depicting the persistence of abnormalities
typical of CRPS1, in the patient’s right hand. Treatment with the EGRF inhibitor
cetuximab relieved her NP but did not influence the vasomotor pathology of the underlying
condition. b) Case 3. MRI taken six weeks postoperatively, due to recurrence of NP back
pain, after initial relief. The image demonstrates pathological scar tissue formation arouna
the patient’s fifth lumbar spinal nerve root. ¢ and d) Case 4. Computed tomography scan
of the patient’s pelvis before c) and after d) EGFR-inhibition. In the interval between the
scans, the patient was completely relieved of his NP despite a growing pelvic tumor which

increasingly invaded sacral nerves.

Figure 5. Selected domains of the Brief Pain Inventory after starting intravenous
EGFR-inhibition with panitumumab for progressive CIPN. Days since first treatment are

shown on the X-axis (infusion repeated every 14 days).

Figure 6. Alleviation of CIPN by EGFR-I exemplified by selected questions from the
EORTC QLQ-CIPN20. Five of the twenty questionnaire items are shown. None of the

responses deteriorated after start of treatment (data not shown).

Figure 7. Oral EGFR-I| effective against NP according to BPI scores. The upper
panel shows patient 3, who experienced recurrent severe NP after wash-out of the
iIntravenous drug cetuximab. The pain was completely alleviated after two to three weeks

of treatment with the oral EGFR-I gefitinib. The lower panel shows a previously EGFR-
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naive patient, who responded to upfront treatment with the oral EGFR-I erlotinib, yellow

alTOWw.
DETAILED DESCRIPTION OF THE INVENTION

To facilitate an understanding of the present invention, a number of explanations,

terms and phrases are given and defined below:

The epidermal growth factor receptor EGFR (synonyms: ErbB-1; HER1) Is a

member of the ErbB family of receptors, a subfamily of four closely related receptor
tyrosine kinases: EGFR (ErbB-1), HER2/c-neu (ErbB-2), Her3 (ErbB-3) and Her4 (ErbB-

4).

The EGF receptor is a transmembrane glycoprotein which has a molecular weight

of 170.000, and is found on many epithelial cell types. It is activated by at least three

ligands, EGF, TGF-a (transforming growth factor alpha) and amphiregulin. Both epidermal
growth factor (EGF) and transforming growth factor-alpha (TGF-a) have been
demonstrated to bind to EGF receptor and to lead to cellular proliferation and tumor
growth.

Two important types of ErbB inhibitor are in clinical use: chimeric , humanized or
fully human antibodies directed against the extracellular domain of EGFR or ErbB2, anad
small-molecule tyrosine-kinase inhibitors (TKIls) that compete with the ATP in the tyrosine-

kinase domain of the receptor.

A number of murine and rat monoclonal antibodies against EGF receptor have
been developed and tested for their ability inhibit thegrowth of tumor cells in vitro and In
vivo (Modjtahedi and Dean, 1994, J. Oncology 4, 277).

Humanized monoclonal antibody 425 (hMAb 425, US 5,558,864; EP 0531 472)
and chimeric monoclonal antibody 225 (cMAb 225), both directed to the EGF receptor,
have shown their efficacy in clinical trials. The C225 antibody (Cetuximab) was
demonstrated to inhibit EGF-mediated tumor cell growth in vitro and to inhibit human
tumor formation in vivo in nude mice. The antibody as well as in general all anti-EGFR
antibodies act mostly in synergy with certain chemotherapeutic agents (i.e., doxorubicin,
adriamycin, taxol, and cisplatin) to eradicate human tumors in vivo in xenograft mouse
models (see, for example,

EP 0667165). Ye et al. (1999, Oncogene 18, 731) have reported that human ovarian
cancer cells can be treated successfully with a combination of both chimeric MAb 225 and
humanized MAb 4D5 which is directed to the HER2 receptor. Besides anti-ErbB
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antibodies, there are numerous small chemical molecules which are known to be potent
inhibitors of ErbB receptor molecules blocking the binding site of the natural ligands (see
detailed description), or blocking the tyrosine residues of the binding site of the receptor

kinase, thus preventing phosphorylation and further cascade signaling.

The term "tyrosine kinase antagonist/inhibitor" or “ErbB-inhibitor’ refers according
to this invention to natural or synthetic agents that are enabled to inhibit or block tyrosine
kinases, receptor tyrosine kinases included. Thus, the term includes per se ErbB receptor

antagonists / inhibitors, and specifically EGFR inhibitors.

With exception of the anti-ErbB receptor antibodies mentioned above and below, more
preferable tyrosine kinase antagonist agents under this definition are chemical compounds
which have shown efficacy in mono- drug therapy for breast and prostate cancer. Suitable
indolocarbazole-type tyrosine kinase inhibitors can be obtained using information found in
documents such as US patents 5,516,771; 5,654,427, 5,461,146, 5,650,407. US patents
5,475,110; 5,591,855; 5594 009 and WO 96/11933 disclose pyrrolocarbazole-type
tyrosine kinase inhibitors and prostate cancer. One of the most promising anti-cancer
agents in this context is gefitinib (IRESSA®, Astra Zeneca), which is reported to possess
outstanding therapeutic efficacy and excellent tolerability in patients with non-small cell

lung cancer (NSCLC) as well as advanced head and neck cancer.

"Antibody fragments" comprise a portion of an intact antibody, preferably
comprising the antigen-binding or variable region thereof. Examples of antibody fragments
include Fab, Fab’, F(ab’)2, Fv and Fc fragments, diabodies, linear antibodies, single-chain
antibody molecules; and multispecific antibodies formed from antibody fragment(s). An
‘Intact” antibody is one which comprises an antigen-binding variable region as well as a

light chain constant domain (CL) and heavy chain constant domains, CH1, CH2 and CHS.

As used herein, the term “inhibits at least one biological activity of EGFR" refers to
any agent that decreases any activity of EGFR, including EGFR tyrosine kinase (e.q.,
including, but not limited to, the activities described herein), via directly contacting EGFR
protein, contacting EGFR mRNA or genomic DNA, causing conformational changes of
EGFR polypeptides, decreasing EGFR protein levels, or interfering with EGFR interactions
with different receptors or ligands such as but not limited to EGF, TGF-alpha, Neuregulin,
Amphiregulin, Epiregulin, NGF, HER2, HER3 and HERA4. Inhibitors also include molecules
that indirectly regulate EGFR biological activity by intercepting upstream signaling
molecules. In other words, the invention is related to EGFR inhibitors that bind to the the
extracellaur binding site of the tyrosine kinase receptor molecule, thus blocking binding of
the natural ligands, such as EGF. Antibodies, antibody portions, and peptides comprising
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epitopes that target this extracellular EGF receptor binding domain, are included by the
invention. The invention is further related to EGFR inhibitors which can bind or interact
with the intracellular phosphorylation site or domain of the tyrosine kinase receptor
molecule, such preventing or decreasing phosphorylation by tyrosine kinase. This can be

achieved by small (chemical) molecule drugs.

As used herein, the term “neuropathic pain” refers to a complex, chronic pain state
that usually is accompanied by tissue injury. Neuropathic pain includes, but is not limited
to, the following syndromes and disease states: nerve impingement, complex regional
pain syndrome types | and ll, trigeminal neuralgia, phantom pain, diabetic neuropathy,
spinal cord injury, and nerve damage due to i.e. cancer, burns and trauma. Different
categories of neuropathic pain include, but are not limited to, toxic, metabolic, trauma,

compressive, autoimmune, infectious and hereditary/congenital neuropathic pain.

The term "epitope" as used herein refers to that portion of an antigen that makes

contact with a particular antibody.

When a protein or fragment of a protein is used to immunize a host animal,
numerous regions of the protein may induce the production of antibodies which bind
specifically to a given region or three-dimensional structure on the protein; these regions
or structures are referred to as "antigenic determinants”. An antigenic determinant may
compete with the intact antigen (i.e., the "immunogen" used to elicit the iImmune response)

for binding to an antibody.

The terms "specific binding" or "specifically binding" when used in reference to the
interaction of an antibody and a protein or peptide means that the interaction is dependent
upon the presence of a particular structure (i.e., the antigenic determinant or epitope) on
the protein; in other words the antibody is recognizing and binding to a specific protein
structure rather than to proteins in general. For example, if an antibody is specific for
epitope "A," the presence of a protein containing epitope A (or free, unlabelled A) in a
reaction containing labeled "A" and the antibody will reduce the amount of labeled A

bound to the antibody.

As used herein, the terms "non-specific binding" and "background binding" when
used In reference to the interaction of an antibody and a protein or peptide refer to an
iInteraction that is not dependent on the presence of a particular structure (i.e., the
antibody Is binding to proteins in general rather that a particular structure such as an

epitope).
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As used herein, the term "subject" or "patient” refers to any animal (e.g., a
mammal), including, but not limited to, humans, non-human primates, rodents, and the
like, which is to be the recipient of a particular treatment. Typically, the terms "subject”

and "patient" are used interchangeably herein in reference to a human subject.

As used herein, the term "non-human animals" refers to all non-human animals
including, but are not limited to, vertebrates such as rodents, non-human primates, ovines,

bovines, ruminants, lagomorphs, porcines, caprines, equines, canines, felines, aves, etc.

"Amino acid sequence" and terms such as "polypeptide"” or "protein” are not meant

to limit the amino acid sequence to the complete, native amino acid sequence associated

with the recited protein molecule.

The term "native protein" as used herein to indicate that a protein does not contain
amino acid residues encoded by vector sequences; that is, the native protein contains only
those amino acids found in the protein as it occurs in nature. A native protein may be

produced by recombinant means or may be isolated from a naturally occurring source.

As used herein the term "portion" when in reference to a protein (as in "a portion of
a given protein") refers to fragments of that protein. The fragments may range in size from

four amino acid residues to the entire amino acid sequence minus one amino acid.

As used herein, the term "in vitro" refers to an artificial environment and to

processes or reactions that occur within an artificial environment. In vitro environments

can consist of, but are not limited to, test tubes and cell culture.

The term "in vivo" refers to the natural environment (e.g., an animal or a cell) and

to processes or reaction that occur within a natural environment.

The term "pain interference (total) score" means a score for pain as a result of the disease
occurring during administration of the effective drug. Pain interference is assessed using
the Brief Pain Inventory (BPI). BPI is used to evaluate pain interference with the following:
(a) general activity, (b) mood, (¢) walking ability, (d) normal work, (e) relations with other
people, (f) sleep, and (g) enjoyment of life. Total score for pain interference is calculated
as. (Mean score of non-missing questions) x (7/number of non-missing questions). If four

or more questions are missing, the pain interference total score is set to missing.

The term "chemotherapeutic agent” or "anti-neoplastic agent' is regarded according

to the understanding of this invention as a member of the class of "cytotoxic agents", as

- specified above, and includes chemical agents that exert anti-neoplastic effects, i.e.,
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prevent the development, maturation, or spread of neoplastic cells, directly on the tumor
cell, and not indirectly through mechanisms such as biological response modification.
Suitable chemotherapeutic agents according to the invention are preferably natural or
synthetic chemical compounds, but biological molecules, such as proteins, polypeptides
etc. are not expressively excluded. There are large numbers of anti-neoplastic agents
available in commercial use, in clinical evaluation and in pre-clinical development, which

could be included in the present invention for treatment of tumors / neoplasia by

combination therapy with TNFa and the anti-angiogenic agents as cited above. It should
be pointed out that the chemotherapeutic agents can be administered optionally together
with above-said antibody drug. Examples of chemotherapeutic or agents include alkylating
agents, for example, nitrogen mustards, ethyleneimine compounds, alkyl sulphonates and
other compounds with an alkylating action such as nitrosoureas, cisplatin and
dacarbazine; antimetabolites, for example, folic acid, purine or pyrimidine antagonists;
mitotic inhibitors, for example, vinca alkaloids and derivatives of podophyliotoxin; cytotoxic
antibiotics and camptothecin derivatives. Preferred chemotherapeutic agents or
chemotherapy include amifostine (ethyol), cabazitaxel, cisplatin, dacarbazine (DTIC),
dactinomycin, docetaxel, mechlorethamine, streptozocin, cyclophosphamide, carrnustine
(BCNU), lomustine (CCNU), doxorubicin (adriamycin), doxorubicin lipo (doxil), gemcitabine
(gemzar), daunorubicin, daunorubicin lipo (daunoxome), procarbazine, ketokonazole,
mitomycin, cytarabine, etoposide, methotrexate, 5-fluorouracil (5-FU), vinblastine,
vincristine, bleomycin, paclitaxel (taxol), docetaxel (taxotere), aldesleukin, asparaginase,
busulfan, carboplatin, cladribine, camptothecin, CPT-11, 10-hydroxy-7-ethyl-camptothecin
(SN38), dacarbazine, floxuridine, fludarabine, hydroxyurea, ifosfamide, idarubicin, mesna,
interferon alpha, interferon beta, irinotecan, mitoxantrone, topotecan, leuprolide,
megestrol, melphalan, mercaptopurine, plicamycin, mitotane, pegaspargase, pentostatin,
pipobroman, plicamycin, streptozocin, tamoxifen, teniposide, testolactone, thioguanine,
thiotepa,. uracil mustard, vinorelbine, chiorambucil and combinations thereof. Most
preferred chemotherapeutic agents according to the invention in combination with DI17EG
are cabazitaxel, cisplatin, docetaxel, gemcitabine, doxorubicin, paclitaxel (taxol), irinotecan

and bleomycin.

The present invention relates to compositions and methods for treatment of
neurological disorders. In particular, the present invention relates to EGFR as a clinical

target for treatment of neurological disorders.

Pain is transmitted via different nerve fibers, designated Ad nerve fibers, B nerve
fibers and C nerve fibers. In general, pain signals travel from the periphery to the spinal

cord along an A-delta or C fiber. Because the A-delta fiber is thicker than the C fiber, and
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s thinly sheathed in an electrically insulating material (myelin), it carries its signal faster
(5-30 m/s) than the unmyelinated C fiber (0.5-2 m/s). Pain evoked by the (faster) A-delta
fibers is described as sharp and is felt first. This is followed by a duller pain, often

described as burning, carried by the C fibers.

Neuropathic pain is caused by damage or disease affecting any part of the nervous
system involved in bodily feelings (the somatosensory system). Neuropathic pain is a
complex, chronic pain state. With neuropathic pain, the nerve fibers themselves may be
damaged, dysfunctional, or injured. These damaged nerve fibers send incorrect signals to
other pain centers. The impact of nerve fiber injury includes a change in nerve function
both at the site of injury and areas around the injury. Some common causes of
neuropathic pain include: Alcoholism; Amputation; Back, leg, and hip problems;
Chemotherapy; Diabetes; Facial nerve problems; HIV infection or AlIDS; Multiple sclerosis;
Shingles and Spine surgery. Symptoms of neuropathic pain include shooting and burning

pain and well as tingling and numbness.

EGF-MAPK-signaling is activated in neurons and glial cells in response to injury or
dysfunction. Inhibition of the EGFR may interrupt a negative feedback loop, thereby
alleviating symptoms from neurological disorders, like pain, neuropathic pain, MS,
depression, dementia, Parkinson’s disease, stroke, axotomia, etc. Especially in

neuropathic pain, the pathological sensitization of nerve fibers for pain is inhibited.

Pain due to nerve injury is thought to be generated and sustained by MAPK
signalling via the three pathways ERK, p38 and JNK in central, spinal and peripheral
nerves, as well as in peripheral and central glia such as astrocytes and Schwann cells (Ji
RR, Gereau RWt, Malcangio M, Strichartz GR. MAP kinase and pain. Brain Res Rev
2009;60(1):135-48). Furthermore, communication between neuronal cells, glial cells and
immune cells is an established pathogenic factor in neuropathic pain (Scholz J, Woolf CJ.
The neuropathic pain triad: neurons, immune cells and glia. Nat. Neurosci.
2007;10(11):1361-8). Activation of and communication between these cells after nerve
Injury has been shown to be dependent on MAPK signalling, potentially activated by
EGFR, which is upregulated in the nervous system (Werner MH, Nanney LB, Stoscheck
CM, King LE. Localization of immmunoreactive epidermal growth factor receptors in human
nervous system. J. Histochem. Cytochem. 1988;36(1):81-6; Maklad A, Nicolai JR, Bichsel
KJ, Evenson JE, Lee TC, Threadgill DW, et al. The EGFR is required for proper
iInnervation to the skin. J. Invest. Dermatol. 2009;129(3):690-8; Ji RR. Mitogen-activated
protein kinases as potential targets for pain killers. Curr Opin Investig Drugs 2004;5(1):71-
5).
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The activation of the MAPK-signaling pathways is of established importance in
neurological diseases and neuropathic pain. EGFR-inhibition blocks several of these
pathways effectively (JNK, RAS-MEK-ERK, STAT, etc). Embodiments of the present
invention provide methods of treating neurological disorders by inhibiting EGFR. The
present invention is not limited to a particular neurological disorder. For example, in some
embodiments, the present invention provides methods of inhibiting the EGF receptor to
treat pain, neuropathic pain, MS, depression, dementia, Parkinson’s disease, stroke,
ischemia and reperfusion injury, ischemic brain injury, and axotomia. See e.g., Oyagi et
al., Neuroscience. 2011 Jun 30;185:116-24 and Chen-Plotikin et al., Ann Neurol. 2011
Apr:69(4):655-63. |t is also contemplated that administration of the agents of the present
invention is useful for ameliorating symptoms associated with genetics disorders such as

Down’s syndrome and autism.

Accordingly, the present invention provides methods of utilizing a reagent that
inhibits at least one biological function of an EGFR polypeptide to reduce, ameliorate or
modulate, or provide prophylaxis, for one or more symptoms associated with the following
diseases or disorders: pain, neuropathic pain, sciatica, MS, depression, dementia,
Parkinson’s disease, stroke, ischemia and reperfusion injury, ischemic brain injury,
axotomia, Amyotrophic lateral sclerosis, Huntington’s disease, Chorea, Down’s syndrome

and autism.

In particularly preferred embodiments, the present invention provides novel
treatment for neuropathic pain. The present invention is not limited to treatment of any
particular type of neuropathic pain, and includes, but is not limited to treatment of the

following types of neuropathic pain.

Ischemic NP — This category includes neuropathic pain associated with stroke,

gangrene, and other peripheral thrombotic events.

Toxic NP—The most common toxic condition causing neuropathic pain is a result
of chemotherapy and/or radiation in the treatment of cancer. Isoniazid and thallium are
also known to cause neuropathic pain conditions. Exposure to chemicals like lead and
arsenic also result in nerve damage. Toxic exposure generally results in abnormalities In

genetic/protein processing.

Metabolic NP—Diabetes is clearly the major cause of neuropathic pain (e.g.,
painful diabetic neuropathy) caused by metabolic dysfunction. Nutritional deficiencies like
Beriberi (vitamin B1) also produce neuropathic pain. In the case of diabetes, glycosylation

end products inhibit axonal transport and Na+/K+ ATPase producing axonal degeneration.
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Alcohol induced neuropathy is often a result of thiamine (B1) deficiency although it can
produce its own small fiber pain pathology as opposed to a thiamine-deficient axonal

sensorimotor burning neuropathy.

Trauma NP—Typically trauma is due to fractures, direct nerve damages and
burns. Trauma can also result in phantom limb syndromes and/or complex regional pain
syndromes (CRPS). Phantom limb pain is thought to be a result of abrupt loss of sensory
input from the peripheral limb to the brain and discharges from the nerve endings at the
sight of the amputation that continue to send pain signals to the brain, making the brain
think the limb is still there. There is no known mechanism that causes CRPS but many
hypotheses have been suggested, including dysfunctional processing throughout the

entire nervous system involving peripheral, central and autonomic neurons.

Compressive NP—Both nerve entrapment and excessive external pressure on
nerve axons can cause ischemic or distortional (stretching) changes. Prolonged injury
results in Wallerian degeneration of the axon with resultant muscle atrophy. Carpal tunnel
syndrome and compartment syndromes are common entrapment injuries. The present

iInvention also encompasses treatment of sciatica and trigeminal neuropathic pain.

Autoimmune NP—This class of neuropathic pain can be quite diverse. They may
have autoimmune antibodies involved in their pathophysiology and are usually amenable
to immune therapy. Some examples of autoimmune neuropathic pain include chronic
iInflammatory demyelinating polyneuropathy (CIDP), paraneoplastic syndromes and

vasculitic neuropathy.

Infectious NP—Viral conditions are known to result in long-standing neuropathic
pain. The classical condition is post-herpetic neuralgia caused by reactivation of the
Varicella Zoster Virus. Lyme Disease (spirochetes), Chagas’ Disease (trypanosomes),

leprosy (mycobacterium), HIV, and Guillain-Barré Syndrome (post-infectious) can all

cause neuropathic pain. The present invention specially encompasses treatment of
postherpetic neuralgia and painful HIV-distal sensory polyneuropathy as well as

neuropathic pain caused by the agents described above.

Congenital/Hereditary NP—Fabry’s Disease and Charcot-Marie-Tooth Disease
(burning pain in extremities) are examples of peripheral neuropathic pain associated with
congenital abnormalities. Other hereditary conditions like amyloidosis also produce painful
conditions.

Accordingly, in some embodiments, the present invention provides methods of

treating a subject with pain comprising administering to said subject an agent that inhibits
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at least one biological function of EGFR. In some embodiments, the pain is neuropathic
pain. In some embodiments, administration of an EGFR inhibitor causes alleviation of pain
symptoms or a reduction in pain symptoms. The present invention is not limited to
alleviation of any particular symptoms of neuropathic pain and includes, but is not limited
to alleviation or reduction of shooting and burning pain and well as tingling and numbness

and combinations thereof.

The neuropathic pain may be non-compressive neuropathic pain or compressive
neuropathic pain. The compressive neuropathic pain can be cancer related or non-cancer
related. In some embodiments, the compressive neuropathic pain is pain associated with
a syndrome selected from the group consisting of failled back surgery syndrome, failed
back surgery syndrome, carpal tunnel syndrome, compartment syndrome and sciatica,
although treatment of other syndromes associated with compressive neuropathic pain are

encompassed by the invention.

The neuropathic pain may be toxic neuropathic pain. In some embodiments, the
toxic neuropathic pain is chemotherapy-induced peripheral neuropathy. In some
embodiments, the neuropathic pain is selected from pain associated with exposure to an
agent selected from the group consisting of lead, arsenic, asbestos, isoniazid and thallium.

Other types of toxic neuropathic pain are also encompassed by the invention.

The neuropathic pain may be metabolic neuropathic pain. In some embodiments,
the metabolic neuropathic pain is selected from pain associated with painful diabetic
neuropathy, nutritional deficiency, alcohol induced neuropathy and thiamine deficient
axonal sensorimotor burning neuropathy. Other types of metabolic neuropathic pain are

also encompassed by the invention.

The neuropathic pain may be trauma neuropathic pain. In some embodiments, the
trauma neuropathic pain is associated with a syndrome selected from the group consisting
of phantom limb syndrome and complex regional pain syndrome. Other types of trauma

neuropathic pain are also encompassed by the invention.

The neuropathic pain may be autoimmune neuropathic pain. In some
embodiments, the autoimmune neuropathic pain is selected from the group consisting of
chronic inflammatory demyelinating polyneuropathy and vasculitic neuropathy. Other

types of autoimmune neuropathic pain are also encompassed by the invention.

The neuropathic pain may be infectious neuropathic pain. In some embodiments,

the infectious neuropathic pain is selected from the group consisting of postherpetic
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neuralgia and painful HIV-distal sensory polyneuropathy. Other types of infectious

neuropathic pain are also encompassed by the invention.

The neuropathic pain may be or hereditary neuropathic pain. In some
embodiments, the neuropathic pain is associated with Fabry’'s Disease and Charcot-
Marie-Tooth Disease. Other types of hereditary/congenital heuropathic pain are also

encompassed by the invention.

The present invention likewise applies to treatment of pain associated with different
types of nerve fibers. In some embodiments, the pain is associated with pain nerve fiber

type A, nerve fiber type B, nerve fiber type C, demyelinated nerve fibers or combinations

thereof.

In some embodiments, the present invention provides for the long term palliative
care of a subject. In some embodiments, the long term palliative care is for a period
selected from the group consisting of longer than six months, longer than 12 months,
longer than 24 months, longer than 36 months, longer than 48 months and longer than 60
months and up to about 10 years or longer. In some embodiments, the present invention
provides for reduction of the dosage of opioid agents or addictive pain relievers fora
subject, or indeed, the need to administer opioid or other addictive pain relievers to a
subject. In some embodiments, the dosage of the EGFR inhibitor is reduced following

initial administration of said agent.

Antibody Therapy

In some embodiments, the present invention utilizes antibodies that target EGFR.
Any suitable antibody (e.g., monoclonal, polyclonal, or synthetic) may be utilized in the

therapeutic methods disclosed herein.

In some embodiments, neurological disorders such as neuropathic pain are treated
with an antigen binding protein. Suitable antigen binding proteins include, but are not
limited to, cetuximab, , matuzumab, necitumumab, nimotuzumab, panitumumab, , and
zalutumumab. In some preferred embodiments, the monoclonal antibody cetuximab

(commercialized by Eli Lilly, USA, and Merck KGaA, Germany) is used.

Cetuximab is a recombinant chimeric IgG1 antibody that binds to the extra-cellular domain
of epidermal growth factor recep