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METHODS AND COMPOSITIONS FOR THE TREATMENT OF CANCER, TUMORS, AND
TUMOR-RELATED DISORDERS

CROSS-REFERENCE
{0001] This application claims the benefit of U. S. Provisional Application No. 60/949,483, filed July
12, 2007; U.S. Provisional Application No. 60/990,900, filed November 28, 2007; and U.S.

Provisional Application No. 61/044,425, filed April 11, 2008, the contents of which are incorporated

herein by reference in their entirety.

FIELD
[0002] The present invention relates to combination compositions and the use of such combinations

for the treatment of cancer, tumors, and tumor-related disorders.

BACKGROUND
[0003] Cancer, tumors, tumor-related disorders, and neoplastic disease states are serious and often
times life-threatening conditions. These diseases and disorders, which are characterized by rapidly-
proliferating cell growth, continue to be the subject of research efforts directed toward the
identification of therapeutic agents which are effective in the treatment thereof. Such agents prolong
the survival of the patient, inhibit the rapidly-proliferating cell growth associated with the neoplasm,
or effect a regression of the neoplasm.
[0004] Generally, surgery and radiation therapy are the first modalities considered for the treatment
of cancer that is considered locally confined, and offer the best prognosis. Chemotherapy treatment of
certain cancers typically results in disappointing survival rates but still offer a survival benefit. For
example, in patients with non-small cell lung cancer, platinum-based chemotherapy regimens, such as
the use of either cisplatin or carboplatin plus one of either paclitaxel, docetaxel, gemcitabine,
vinorelbine, irinotecan, etoposide, vinblastine, or bevacizumab is employed. If patients cannot tolerate
this therapy, a single agent, such as N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-
amine, commonly known as erlotinib (Tarceva®), can be used. Erlotinib targets the epidermal growth
factor receptor tyrosine kinase which is highly expressed and occasionally mutated in various forms of
cancer. If patients fail to respond to an erlotinib treatment, additional conventional treatment offers
limited benefit.
[0005] Despite erlotinib’s approval for the treatment of stage 11IB and IV non-small cell lung cancer,
as with most therapeutic agents, side-effects result from its use. For example, common side effects,
occurring in greater than 30% of patients taking erlotinib, include, rash, diarrhea, poor appetite,
fatigue, shortness of breath, cough, nausea and vomiting. Additionally, less common side effects
include infection, mouth sores, itching, dry skin, eye irritation, pulmonary fibrosis, and abdominal
pain. Of greater concern, is the growing view that, while utilization of erlotinib for the treatment of
tumors may initially shrink the size of the tumor, the tumor may eventually enlarge in size, indicating,

among other things, the development of resistance. Erlotinib may be representative of the types of
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therapeutic agents being used for cancer treatment; in that its use has an effect on cancer, but because
of other factors, which are not entirely known, the tumor develops resistance and progresses.
[0006] What is needed, therefore, are compositions and/or methods of treatment for cancer which
take advantage of the synergy found in a therapeutic combination that could increase the effectiveness
of the agents and reduce and/or eliminate the side effects typically associated with conventional
treatments.

SUMMARY OF THE INVENTION
[0007] The present invention is based at least in part on a synergistic effect obtained in treating
conditions such as cancer by a combination comprising a COX-2 selective inhibitor and an EGFR
inhibitor. Some of the possible favorable outcomes for synergism include 1) increasing the efficacy of
the therapeutic effect, 2) decreasing the dosage but increasing or maintaining the same efficacy to
avoid toxicity, 3) minimizing or slowing down the development of drug resistance, and 4) providing
selective synergism against target (or efficacy synergism) versus host (or toxicity antagonism).
[0008] While some embodiments of the invention are illustrated through a fixed dose combination
comprising a COX-2 inhibitor and an EGFR inhibitor, the embodiments of the invention cover
compositions and methods wherein the COX-2 inhibitor and the EGFR inhibitor are provided in
separate dosage forms.
[0009] The present invention is based, at least in part on the discovery that combinations of a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor provide numerous advantages in the treatment of
cancer, tumors, and tumor-related disorders. These combinations may allow for lesser amounts of
each particular agent to be delivered and may produce the same or better effect as a greater amount of
each particular agent. For example, a combination of a 1,2-diphenylpyrrole derivative and an EGFR
inhibitor (provided in one fixed dose or in two separate dosage forms) will increase therapeutic
efficacy, reduce side effects, reduce resistance, and when a fixed dose 1s used reduce the pill burden,
enhance patient compliance, and thus, support a more favorable treatment setting and outcome. Such
combinations can further increase the benefit of each particular agent which otherwise would be only
marginally effective. As such, this synergistic or enhancement effect can be employed in the treatment
of cancer, tumors, and tumor-related disorders, and may overcome resistance of tumors to drugs at
conventional doses.
Methods of Use
[0010] The present invention provides a method for treating cancer, tumors, and tumor-related
disorders. For example, the method comprises administering to a subject in a combination therapy an
amount of a COX-2 selective inhibitor and an EGFR inhibitor, wherein the COX-2 selective inhibitor
and the EGFR inhibitor combine to give a therapy suitable for treating a cancer, tumor, and tumor-
related disorders.
[0011] The invention further provides combinations of COX-2 selective inhibitors and EGFR

inhibitors for antineoplastic, anti-tumor, anti-cancer combination therapy. In one embodiment the
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invention provides compositions comprising a combination of a COX-2 selective inhibitor and an
EGFR inhibitor. The invention also provides for the use of combinations of 1,2-diphenylpyrrole
derivatives and an EGFR 1nhibitor and/or their pharmaceutically acceptable salt, solvate, or prodrug,
as antineoplastic, anti-tumor, or anti-cancer combination therapy.

[0012] In one embodiment, the invention provides a method for treating a subject having cancer,
comprising administering to the subject, a therapeutically effective amount of a combination
comprising a 1,2-diphenylpyrrole derivative and an EGFR inhibitor or their respective
pharmaceutically acceptable salt, solvate or prodrug.

[0013] In one embodiment, the 1,2-diphenylpyrrole derivative of the combination composition has

the following formula:

R’ R
R
R?2° N
7 W.R
\
—
SO,R!

wherein:
R 1s a hydrogen atom, a halogen atom or an alkyl group having from 1 to 6 carbon atoms;
R' is an alkyl group having from 1 to 6 carbon atoms or an amino group;

R* is a phenyl group which is unsubstituted or is substituted by at least one substituent

selected from the group consisting of substituents o and substituents [3;

R’ is a hydrogen atom, a halogen atom or an alkyl group which has from 1 to 6 carbon atoms
and which 1s unsubstituted or is substituted by at least one substituent selected from the group
consisting of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 6 carbon atoms and
an alkylthio group having from 1 to 6 carbon atoms;

R* is a hydrogen atom; an alkyl group which has from 1 to 6 carbon atoms and which is
unsubstituted or is substituted by at least one substituent selected from the group consisting of a
hydroxy group, a halogen atom, an alkoxy group having from 1 to 6 carbon atoms and an alkylthio
group having from 1 to 6 carbon atoms; a cycloalkyl group having from 3 to 8 carbon atoms, an aryl
group; or an aralkyl group; said aryl group having from 6 to 14 ring carbon atoms 1n a carbocyclic ring
and are unsubstituted or are substituted by at least one substituent selected from the group consisting
of substituents o and substituents (3;

said aralkyl group are an alkyl group having from 1 to 6 carbon atoms and which are
substituted by at least one aryl group as defined above;

said substituents o are selected from the group consisting of a hydroxy group, a halogen atom,
an alkoxy group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 6 carbon

atoms,;
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said substituents 3 are selected from the group consisting of an alkyl group which has from 1 to 6
carbon atoms and which is unsubstituted or are substituted by at least one substituent selected from the
group consisting of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 6 carbon
atoms and an alkylthio group having from 1 to 6 carbon atoms; an alkanoyloxy group having from 1 to
6 carbon atoms; a mercapto group; an alkanoylthio group having from 1 to 6 carbon atoms; an
alkylsulfinyl group having from 1 to 6 carbon atoms; a cycloalkloxy group having from 3 to 8 carbon
atoms; a haloalkoxy group having from 1 to 6 carbon atoms; and an alkylenedioxy group having from
1 to 6 carbon atoms; or a pharmaceutically acceptable salt, solvate, or prodrug.

[0014] In another embodiment, a 1,2-diphenylpyrrole derivative of the combination composition has

the following formula:

R> R*
S
RZ N
/ '\T’R
—
SO,R!

R 1s a hydrogen atom, a halogen atom or an alkyl group having from 1 to 4 carbon atoms;

R' is a methyl group or an amino group:;

R” is an unsubstituted phenyl group or a phenyl group which is substituted by at least one
substituent selected from the group consisting of a halogen atom; an alkoxy group having from 1 to 4
carbon atoms; an alkylthio group having from 1 to 4 carbon atoms; an unsubstituted alkyl group
having from 1 to 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms and which is
substituted by at least one substituent selected from the group consisting of a halogen atom, an alkoxy
group having from 1 to 4 carbon atoms and an alkylthio group having from 1 to 4 carbon atoms; a
haloalkoxy group having from 1 to 4 carbon atoms; and an alkylenedioxy group having from 1 to 4
carbon atoms;

R’ is a hydrogen atom, a halogen atom, an unsubstituted alkyl group having from 1 to 4
carbon atoms or a substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least
one substituent selected from the group consisting of a halogen atom, an alkoxy group having from 1
to 4 carbon atoms and an alkylthio group having from 1 to 4 carbon atoms;

R* is a hydrogen atom; an unsubstituted alkyl group having from 1 to 4 carbon atoms; a
substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least one substituent
selected from the group consisting of a hydroxy group, a halogen atom, an alkoxy group having from
1 to 4 carbon atoms and an alkylthio group having from 1 to carbon atoms; a cycloalkyl group having
from 3 to 6 carbon atoms; an aryl group which has from 6 to 10 ring carbon atoms and which is
unsubstituted or is substituted by at least one substituent selected from the group consisting of a

halogen atom; an alkoxy group having from 1 to 4 carbon atoms; an alkylthio group having from 1 to
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4 carbon atoms; an unsubstituted alkyl group having from 1 to 4 carbon atoms; an alkyl group having
from 1 to 4 carbon atoms and substituted by at least one substituent selected from the group consisting
of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 4 carbon atoms and an
alkylthio group having from 1 to 4 carbon atoms; and a cycloalkyloxy group having from 3 to 7
carbon atoms; an aralkyl group having from 1 to 4 carbon atoms in the alkyl part and containing at
least one said aryl group; or a pharmaceutically acceptable salt, solvate, or prodrug.

[001S5] In a further embodiment, the invention provides a 1,2-diphenylpyrrole derivative of the
combination composition wherein:

R 1s a hydrogen atom;

R' is an amino group;

R? is an unsubstituted pheny! group or a phenyl group which is substituted by at least one
substituent selected from the group consisting of a halogen atom, an alkoxy group having from 1 to 4
carbon atoms, an alkylthio group having from 1 to 4 carbon atoms, an alkyl group having from 1 to 4
carbon atoms, a haloalkyl group having from 1 to 4 carbon atoms, a haloalkoxy group having from 1
to 4 carbon atoms and a alkylenedioxy group having from 1 to 4 carbon atoms;

R’ is a hydrogen atom, a halogen atom, an alkyl group having from 1 to 4 carbon atoms or a
haloalkyl group having from 1 to 4 carbon atoms;

R* is a hydrogen atom; an unsubstituted alkyl group having from 1 to 4 carbon atoms; a
substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least one substituent
selected from the group consisting of a hydroxy group and an alkoxy group having from 1 to 4 carbon
atoms; a cycloalkyl group having from 3 to 6 carbon atoms; an aryl group which has from 6 to 10 ring
carbon atoms and which is unsubstituted or is substituted by at least one substituent selected from the
group consisting of a hydroxy group; a halogen atom; an alkoxy group having from 1 to 4 carbon
atoms; an unsubstituted alkyl group having from 1 to 4 carbon atoms; an alkyl group having from 1 to
4 carbon atoms and which is unsubstituted or substituted by at least one halogen atom; and a
cycloalkyloxy group having from 3 to 7 carbon atoms; and an aralkyl group having from 1 to 4 carbon
atoms in the alkyl part and containing at least one said aryl group; or a pharmaceutically acceptable
salt, solvate, or prodrug.

[0016] In yet a further embodiment, the 1,2-diphenylpyrrole derivative is selected from the group
consisting of: 4-methyl-2-(4-methylphenyl)-1-(4-sulfamoylphenyl)pyrrole; 2-(4-methoxyphenyl)-4-
methyl-1-(4-sulfamoylphenylDpyrrole; 2-(4-chlorophenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 4-
methyl-2-(4-methylthiophenyl)-1-(4-sulfamoylphenyl)pyrrole; 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)pyrrole; 2-(4-methoxy-3-methylphenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 2-
(3-fluoro-4-methoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 2-(3,4-dimethylphenyl)-4-
methyl-1-(4-sulfamoylphenyl)pyrrole; 4-methyl-1-(4-methylthiophenyl)-2-(4-
sulfamoylphenyl)pyrrole; 1-(4-acetylaminosulfonylphenyl)-4-methyl-2-(4-methoxyphenyl)pyrrole;
and 1-(4-acetylaminosulfonylphenyl)-4-methyl-2-(3,4-dimethylphenyl)pyrrole.
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[0017] In one embodiment the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole.

[0018] In another embodiment the EGFR inhibitor is erlotinib.

[0019] In a further embodiment, the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-
1-(4-sultamoylphenyl)-pyrrole2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and the
EGFR inhibitor is erlotinib.

[0020] In yet a further embodiment the 1,2-diphenylpyrrole derivative and the EGFR inhibitor are
administered sequentially in either order or simultaneously.

[0021] In one embodiment the 1,2-diphenylpyrrole derivative is administered first.

[0022] In another embodiment the EGFR inhibitor 1s administered first.

[0023] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders, comprising administering the combination by a mode of administration comprising
oral, parenteral, buccal, intranasal, epidural, sublingual, pulmonary, local, rectal, or transdermal
administration.

[0024] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders wherein the combination is orally administered as a single dosage form.

[0025] In another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single dosage form enhances patient compliance and/or reduces
p1ll burden.

[0026] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single dosage form is a single capsule or a single tablet.

[0027] In yet a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the composition i1s provided as a single tablet.

[0028] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders, comprising administering the combination by a mode of parenteral
administration selected from intravenous, subcutaneous, intrathecal, and intramuscular administration.
Dosages

[0029] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders comprising administering the combination in a single tablet wherein the single tablet
comprises from about 1 mg to about 1200 mg of 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole and from about 25 mg to about 450 mg of erlotinib.

[0030] In another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 25 mg of erlotinib.

[0031] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-

ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 100 mg of erlotinib.
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[0032] In yet a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 150 mg of erlotinib.

[0033] In another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 200 mg of erlotinib.

[0034] In yet another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 300 mg of erlotinib.

[0035] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 450 mg of erlotinib.

[0036] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg, about 25
mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg, about
800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole and about 25 mg of erlotinib.

[0037] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg, about 25
mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg, about
800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole and about 100 mg of erlotinib.

[0038] In another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg,
about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg,
about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 150 mg of erlotinib.

[0039] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg, about 25
mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg, about
800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole and about 200 mg of erlotinib.

[0040] In another embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg,
about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg,
about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 300 mg of erlotinib.
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[0041] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders wherein the single tablet comprises about 1 mg, about 5 mg, about 10 mg,
about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 600 mg,
about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 450 mg of erlotinib.

[0042] In one embodiment, the invention provides a method of treating cancer, tumors, and tumor-
related disorders comprising administering a composition comprising a combination of a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor wherein the composition is suitable for once-daily
administration.

[0043] In a further embodiment, the invention provides a method wherein administering the
combination enhances treatment of the subject compared to administering one component of the
combination alone.

Types of Cancer

[0044] In yet a further embodiment, the invention provides a method wherein administering the
combination reduces the side effects of treatment for a cancer, tumor, and tumor-related disorders.
[0045] In one embodiment the cancer 1s selected from the group consisting of: oral cancer, prostate
cancer, rectal cancer, non-small cell lung cancer, lip and oral cavity cancer, liver cancer, lung cancer,
anal cancer, kidney cancer, vulvar cancer, breast cancer, oropharyngeal cancer, nasal cavity and
paranasal sinus cancer, nasopharyngeal cancer, urethra cancer, small intestine cancer, bile duct cancer,
bladder cancer, ovarian cancer, laryngeal cancer, hypopharyngeal cancer, gallbladder cancer, colon
cancer, colorectal cancer, head and neck cancer, glioma; parathyroid cancer, penile cancer, vaginal
cancer, thyroid cancer, pancreatic cancer, esophageal cancer, Hodgkin's lymphoma, leukemia-related
disorders, mycosis fungoides, and myelodysplastic syndrome.

[0046] In another embodiment the cancer 1s non-small cell lung cancer, pancreatic cancer, breast
cancer, ovarian cancer, colorectal cancer, or head and neck cancer.

[0047] In yet another embodiment the cancer 1s a carcinoma, a tumor, a neoplasm, a lymphoma, a
melanoma, a glioma, a sarcoma, or a blastoma.

[0048] In one embodiment the carcinoma 1s selected from the group consisting of: carcinoma,
adenocarcinoma, adenoid cystic carcinoma, adenosquamous carcinoma, adrenocortical carcinoma,
well differentiated carcinoma, squamous cell carcinoma, serous carcinoma, small cell carcinoma,
invasive squamous cell carcinoma, large cell carcinoma, islet cell carcinoma, oat cell carcinoma,
squamous carcinoma, undifferentiatied carcinoma, verrucous carcinoma, renal cell carcinoma,
papillary serous adenocarcinoma, merkel cell carcinoma, hepatocellular carcinoma, soft tissue
carcinomas, bronchial gland carcinomas, capillary carcinoma, bartholin gland carcinoma, basal cell
carcinoma, carcinosarcoma, papilloma/carcinoma, clear cell carcinoma, endometrioid
adenocarcinoma, mesothelial, metastatic carcinoma, mucoepidermoid carcinoma, cholangiocarcinoma,

actinic keratoses, cystadenoma, and hepatic adenomatosis.
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[0049] In another embodiment the tumor is selected from the group consisting of: astrocytic tumors,

malignant mesothelial tumors, ovarian germ cell tumors, supratentorial primitive neuroectodermal

tumors, Wilm's tumors, pituitary tumors, extragonadal germ cell tumors, gastrinoma, germ cell tumors,

gestational trophoblastic tumors, brain tumors, pineal and supratentorial primitive neuroectodermal

tumors, pituitary tumors, somatostatin-secreting tumors, endodermal sinus tumors, carcinoids, central

cerebral astrocytoma, glucagonoma, hepatic adenoma, insulinoma, medulloepithelioma,
plasmacytoma, vipoma, and pheochromocytoma.

[0050] In yet another embodiment the neoplasm is selected from the group consisting of:
intraepithelial neoplasia, multiple myeloma/plasma cell neoplasm, plasma cell neoplasm,
interepithelial squamous cell neoplasia, endometrial hyperplasia, focal nodular hyperplasia,
hemangioendothelioma, and malignant thymoma.

[0051] In a further embodiment the lymphoma is selected from the group consisting of: nervous
system lymphoma, AIDS-related lymphoma, cutaneous T-cell lymphoma, non-Hodgkin's lymphoma,
lymphoma, and Waldenstrom's macroglobulinemia.

[0052] In another embodiment the melanoma is selected from the group consisting of: acral
lentiginous melanoma, superficial spreading melanoma, uveal melanoma, lentigo maligna melanomas,
melanoma, mtraocular melanoma, adenocarcinoma nodular melanoma, and hemangioma.

[0053] In yet another embodiment the sarcoma is selected from the group consisting of: adenomas,
adenosarcoma, chondosarcoma, endometrial stromal sarcoma, Ewing's sarcoma, Kaposi's sarcoma,
leiomyosarcoma, rhabdomyosarcoma, sarcoma, uterine sarcoma, osteosarcoma, and pseudosarcoma.
[0054] In one embodiment the glioma is selected from the group consisting of: glioma, brain stem
glioma, and hypothalamic and visual pathway glioma.

[0055] In another embodiment the blastoma 1s selected from the group consisting of: pulmonary
blastoma, pleuropulmonary blastoma, retinoblastoma, neuroblastoma, medulloblastoma, glioblastoma,
and hemangiblastomas.

EGFR Inhibitors

[0056] In a further embodiment, the invention provides a method wherein the EGFR inhibitor 1s a
small molecule compound or an antibody.

[0057] In one embodiment, the invention provides a method wherein the small molecule compound
is selected from the group consisting of: ZM-254530, BIBX-1382, reveromycin A, gefitinib, CGP-
57148, CGP-59326, 4-(3-chloro)-5,6-dimethyl-7H-pyrrolo[2,3-d |pyrimidine, tyrphostin, PKI-166, PD
153035, EKB-569, and 4-(phenylamino)quinazolines, or their pharmaceutically acceptable salts,
solvates, or prodrugs.

[0058] In another embodiment the invention provides a method wherein the antibody 1s selected from
the group consisting of: EGF receptor antibody, MR 1scFvPE38KDEL MDX-447, MDX-210, MD-
72000, MDX-260, wayne anti-EGFR Mabs, anti-EGFr Mab, anti-EGFr MAb, Genen anti-EGFR Mab,
MADb DC-101, trastuzumab, anti-VEGF monoclonal, anti-EGFR-DM1 Ab, MAb 4D5, BAB-447,
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EMD-55900, EMD-6200, -82633, anti-EGFR Mab, MAb 4D5, cetuximab, anti-EGFr MADb, anti-flk-1,
CCX, CCZ, anti-flk-1, AG-514, AG-568, nt1-EGFR-DM1 Ab, MDX-447, TgDCC-E1A and C225,
matuzumab, panitumumab, DWP-408, and RC-3940II.

[0059] In another embodiment the EGFR inhibitor 1s selected from the group consisting of:
muellerian-inhibiting hormone, TNP-470, tecogalan sodium, EGF receptor antisense, PI-88,
oligonucleotide, bromelain molecules, amphiregulin, EGF fusion toxin, EGF fusion protein,
Amphiregulin hbEGF-toxin, hbEGF-toxin, and EGF fusion protein.

Further Methods of Use

[0060] In one embodiment, the invention provides a method of inducing differentiation of tumor
cells, the method comprising contacting the cells with an effective amount of a combination
comprising a 1,2-diphenylpyrrole derivative and an EGFR inhibitor whereby the combination induces
differentiation of tumor cells.

[0061] In one embodiment, the invention provides a method of inhibiting proliferation of cancer cells,
the method comprising contacting a cancer cell with a combination comprising a 1,2-diphenylpyrrole
derivative and an EGFR 1nhibitor whereby the combination inhibits proliferation of cancer cells.
[0062] In another embodiment, the invention provides a method for reducing proliferation of cancer
cells, the method comprising delivering to the cells a combination comprising a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor, whereby the reduction of cell proliferation is greater than a
reduction caused by either a 1,2-diphenylpyrrole derivative alone or an EGFR inhibitor alone.

[0063] In one embodiment, the invention provides a method of modulating autophosphorylation with
a molecule of ATP, the method comprising delivering to a cancer cell an effective amount of a
combination comprising a 1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the
combination inhibits autophosphorylation with a molecule of ATP.

[0064] In a further embodiment, the invention provides a method of inhibiting metastases of tumor
cells, the method comprising administering an effective amount of a combination comprising a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor such that the combination inhibits metastatic
activity of tumor cells.

[0065] In one embodiment, the invention provides a method for inducing apoptosis 1n cancer cells,
the method comprising contacting the cancer cells with a combination comprising a 1,2-
diphenylpyrrole derivative and an EGFR kinase sufficient to induce apoptosis.

[0066] In another embodiment, the invention provides a method for sensitizing EGFR-1nhibitor
resistant cancer cells to an EGFR 1nhibitor, the method comprising administering a combination
comprising a 1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the combination
sensitizes the cancer cells to the EGFR inhibitor.

[0067] In one embodiment, the invention provides a method of treating EGEFR resistance 1n a cancer
cell, the method comprising, administering a combination comprising a 1,2-diphenylpyrrole derivative

and an EGFR inhibitor
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[0068] In a further embodiment, the invention provides a method of modulating prostaglandin
synthesis in a cancer cell, the method comprising contacting the cell with a combination comprising a
1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the combination inhibits prostaglandin
synthesis i a cancer cell.

[0069] In one embodiment, the invention provides a method of modulating cyclooxygenase
expression 1n a cancer cell, the method comprising delivering to the cell a combination comprising a
1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the combination inhibits
cyclooxygenase expression in a cancer cell.

[0070] In one embodiment, the invention provides a method of modulating angiogenesis in a cancer
cell, the method comprising contacting the cell with a combination comprising a 1,2-diphenylpyrrole
derivative and an EGFR 1nhibitor wherein the combination inhibits angiogenesis in a cancer cell.
[0071] In another embodiment, the invention provides a method of reducing the dosage in
conventional treatment for neoplasia and/or neoplasia related disorders in a subject, the method
comprising administering to a subject a combination of a 1,2-diphenylpyrrole derivative and an EGFR
inhibitor wherein the combination reduces the dosage in conventional treatment for neoplasia and/or
neoplasia-related disorders.

[0072] In one embodiment, the invention provides a method of treating neoplasia and/or neoplasia
related disorders, the method comprising administering a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor

[0073] In one embodiment, the invention provides a composition for treating cancer comprising, a
combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor or their respective
pharmaceutically acceptable salt, solvate or prodrug.

[0074] In one embodiment, the invention provides a method of treatment comprising administering a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole.

[0075] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR 1nhibitor, wherein the EGFR inhibitor is erlotinib.

[0076] In yet another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and the EGFR 1nhibitor 1s erlotinib.

[0077] In one embodiment, the invention provides a method of treatment comprising administering a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR 1nhibitor

wherein the composition is a single dosage form.
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[0078] In a further embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein a single dosage form enhances patient compliance and/or reduces pill burden.
[0079] In one embodiment, the invention provides a method for treating cancer, tumors, and tumor-
related disorders, comprising administering a combination according to the invention by a mode of
administration comprising oral, parenteral, buccal, intranasal, epidural, sublingual, pulmonary, local,
rectal, or transdermal administration.

[0080] In a further embodiment, the invention provides a method for treating cancer, tumors, and
tumor-related disorders, comprising a combination according to the invention by parenteral
administration selected from intravenous, subcutaneous, intrathecal, and intramuscular administration.
[0081] In one embodiment, the invention provides a method comprising administering the
combination in a single dosage form.

[0082] In yet a further embodiment, the invention provides a method of treatment comprising
administering a composition comprising a single tablet combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein a single dosage form is a single capsule or a single tablet.
[0083] In one embodiment, the invention provides a method of treatment comprising administering a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the composition is in the form of a single tablet.

[0084] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg of 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and from about 25 mg to about 450 mg of
erlotinib.

[008S5] In yet another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 25 mg of erlotinib.

[0086] In one embodiment, the invention provides a method of treatment comprising administering a
single tablet composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR
inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-ethoxyphenyl)-4-
methyl-1-(4-sulfamoylphenyl)-pyrrole and about 100 mg of erlotinib.

[0087] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 150 mg of erlotinib.

[0088] In another embodiment, the invention provides a method of treatment comprising

administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
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EGFR inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 200 mg of erlotinib.

[0089] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR 1nhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and about 300 mg of erlotinib.

[0090] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the single tablet comprises from about 1 mg to about 1200 mg 2-(4-
cthoxyphenyl)-4-methyl- 1-(4-sulfamoylphenyl)-pyrrole and about 450 mg of erlotinib.

[0091] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 25 mg of erlotinib.

[0092] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 100 mg of erlotinib.

[0093] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylpheny!)-pyrrole and about 150 mg of erlotinib.

[0094] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 200 mg of erlotinib.

[0095] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole

derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
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about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 300 mg of erlotinib.

[0096] In a further embodiment, the invention provides a method of treatment comprising
administering a single tablet composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the single tablet comprises from about 1 mg, about 5 mg,
about 10 mg, about 25 mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg,
about 600 mg, about 800 mg, about 1000 mg, or about 1200 mg 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and about 450 mg of erlotinib.

[0097] In one embodiment, the invention provides a method of treatment comprising administering a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the composition is suitable for once-daily administration.

[0098] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the EGFR inhibitor is a small molecule compound or an antibody.

[0099] In a further embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and a small
molecule wherein the small molecule compound is selected from the group consisting of: ZM-
254530, BIBX-1382, reveromycin A, gefitinib, CGP-57148, CGP-59326, 4-(3-chloro)-5,6-dimethy]l-
TH-pyrrolo[2,3-d]pyrimidine, tyrphostin, PKI-166, PD 153035, EKB-569, and 4-
(phenylamino)quinazolines, or their pharmaceutically acceptable salts, solvates, or prodrugs.

{00100] In another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the EGFR mhibitor is an antibody selected from the group consisting of: EGF
receptor antibody, MR 1scFvPE38KDEL MDX-447, MDX-210, MD-72000, MDX-260, wayne anti-
EGFR Mabs, anti-EGFr Mab, anti-EGFr MAb, Genen anti-EGFR Mab, MAb DC-101, trastuzumab,
antl-VEGF monoclonal, anti-EGFR-DM1 Ab, MAb 4D5, BAB-447, EMD-55900, EMD-6200, -
82633, anti1-EGFR Mab, MADb 4DS35, cetuximab, anti-EGFr MADb, anti-flk-1, CCX, CCZ, anti-flk-1,
AG-514, AG-568, nti-EGFR-DM1 Ab, MDX-447, TeDCC-E1A, C225, matuzumab, panitumumab,
DWP-408, and RC-3940I1.

[00101] In yet another embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR 1nhibitor wherein the composition contains a lower dose of an EGFR inhibitor than a
conventional treatment for cancer.

[00102] In a further embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an

EGFR inhibitor wherein the composition reduces the side effects of cancer treatment.
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[00103] In yet a further embodiment, the invention provides a method of treatment comprising
administering a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the composition enhances treatment of cancer.
Pharmaceutical Compositions
[00104] In one embodiment the invention provides a pharmaceutical composition for treating cancer
comprising, a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor, and a
pharmaceutically acceptable excipient or carrier.
[001035] In one embodiment, the invention provides a pharmaceutical composition for treating cancer
wherein the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-
pyrrole.
[00106] In another embodiment, the invention provides a pharmaceutical composition for treating
cancer wherein the EGFR inhibitor is erlotinib.
[00107] In yet another embodiment, the invention provides a pharmaceutical composition for treating
cancer wherein the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and the EGFR inhibitor is erlotinib.
Kits/Articles of Manufacture
[00108] In one embodiment the invention provides a kit for treating cancer comprising a single dosage
form comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor and
instructions on administration.
[00109] In one embodiment the invention provides a kit for treating cancer having a composition
comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the 1,2-
diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and the
EGFR inbhibitor 1s erlotinib.
INCORPORATION BY REFERENCE
[00110] All publications, patents, and patent applications described in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent
application was specifically and individually indicated to be incorporated by reference.
BRIEF DESCRIPTION OF THE DRAWINGS
[00111] Figure 1 provides graphs illustrating COX-2 expression levels in colorectal cancer.
[00112] Figure 2 provides an illustration of the interactions between the EGFR and COX pathways.
[00113] Figure 3 provides a graph illustrating the results of a A431 squamous vulvar carcinoma
xenograft study.
DETAILED DESCRIPTION
[00114] To facilitate understanding of the disclosure set forth herein, a number of terms are defined

below.
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Definitions

[00115] As used herein, “abnormal cell growth,” refers to cell growth that is independent of normal
regulatory mechanisms (e.g., loss of contact inhibition), including the abnormal growth of normal cells
and the growth of abnormal cells. This includes, but is not limited to, the abnormal growth of: (1)
tumor cells (tumors), both benign and malignant, expressing an activated Ras oncogene; (2) tumor
cells, both benign and malignant, in which the Ras protein is activated as a result of oncogenic
mutation in another gene; (3) benign and malignant cells of other proliferative diseases in which
aberrant Ras activation occurs. Examples of such benign proliferative diseases are psoriasis, benign
prostatic hypertrophy, human papilloma virus (HPV), and restenosis. Abnormal cell growth, also
refers to and includes the abnormal growth of cells, both benign and malignant, resulting from activity
of the enzymes farnesyl protein transferase, protein kinases, protein phosphatases, lipid kinases, lipid
phosphatases, or activity of transcription factors, or intracellular or cell surface receptor proteins.
[00116] “Neoplasia™ as described herein, 1s an abnormal, unregulated and disorganized proliferation
of cells that is distinguished from normal cells by autonomous growth and somatic mutations. An
accumulation of neoplastic cells 1s also known as a neoplasm, or tumor. As neoplastic cells grow and
divide they pass on their genetic mutations and proliferative characteristics to progeny cells. In some
embodiments, the neoplasm can be benign or malignant.

[00117] “Metastasis,” as used herein, refers to the dissemination of tumor cells via lymphatics or blood
vessels. Metastasis also refers to the migration of tumor cells by direct extension through serous
cavities, or subarachnoid or other spaces. Through the process of metastasis, tumor cell migration to
other areas of the body establishes neoplasms in areas away from the site of initial appearance.

[00118] As discussed herein, “angiogenesis” is prominent in tumor formation and metastasis.
Angiogenic factors have been found associated with several solid tumors such as rhabdomyosarcomas,
retinoblastoma, Ewing sarcoma, neuroblastoma, and osteosarcoma. A tumor cannot expand without a
blood supply to provide nutrients and remove cellular wastes. Tumors in which angiogenesis is
important include solid tumors such as renal cell carcinoma, hepatocellular carcinoma, and benign
tumors such as acoustic neuroma, and neurofibroma, trachoma and pyogenic granulomas.
Angiogenesis has been associated with blood-born tumors such as leukemias. It is believed that
angiogenesis plays a role in the abnormalities in the bone marrow that give rise to leukemia.
Prevention of angiogenesis could halt the growth of cancerous tumors and the resultant damage to the
subject due to the presence of the tumor.

[00119] The term “subject” refers to an animal, including, but not limited to, a primate (e.g., human),
cow, sheep, goat, horse, dog, cat, rabbit, rat, or mouse. The terms “subject” and “patient” are used
interchangeably herein in reference, for example, to a mammalian subject, such as a human subject.
[00120] The terms “treat,” “treating,” and “treatment” are meant to include alleviating or abrogating a
disorder, disease, or condition; or one or more of the symptoms associated with the disorder, disease,

or condition; or alleviating or eradicating the cause(s) of the disorder, disease, or condition itself.
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[00121] The term “therapeutically effective amount” refers to the amount of a compound that, when
administered, 1s sufficient to prevent development of, or alleviate to some extent, one or more of the
symptoms of the disorder, disease, or condition being treated. The term ‘‘therapeutically effective
amount” also refers to the amount of a compound that is sufficient to elicit the biological or medical
response of a cell, tissue, system, animal, or human that is being sought by a researcher, veterinarian,
medical doctor, or clinician.

27 &4

[00122] The term “pharmaceutically acceptable carrier,” “pharmaceutically acceptable excipient,”
“physiologically acceptable carrier,” or “physiologically acceptable excipient” refers to a
pharmaceutically-acceptable material, composition, or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent, or encapsulating material. Each component must be “pharmaceutically acceptable”
in the sense of being compatible with the other ingredients of a pharmaceutical formulation. It must
also be suitable for use in contact with the tissue or organ of humans and animals without excessive
toxicity, 1rritation, allergic response, immunogenicity, or other problems or complications,
commensurate with a reasonable benefit/risk ratio. See, Remington: The Science and Practice of
Pharmacy, 21st Edition; Lippincott Williams & Wilkins: Philadelphia, PA, 2005; Handbook of
Pharmaceutical Excipients, 5th Edition; Rowe et al., Eds., The Pharmaceutical Press and the
American Pharmaceutical Association: 2005; and Handbook of Pharmaceutical Additives, 3rd Edition;
Ash and Ash Eds., Gower Publishing Company: 2007; Pharmaceutical Preformulation and
Formulation, Gibson Ed., CRC Press LLC: Boca Raton, FL, 2004).

{00123] The term “pharmaceutical composition” refers to a mixture of a compound disclosed herein
with other chemical components, such as diluents or carriers. The pharmaceutical composition
facilitates administration of the compound to an organism. Multiple techniques of administering a
compound exist in the art including, but not limited to, oral, injection, aerosol, parenteral, and topical
administration. Pharmaceutical compositions can also be obtained by reacting compounds with

inorganic or organic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and
the like.

Cyclooxygenase

[00124] Cyclooxygenase (COX) is an enzyme that is responsible for the formation of important

biological mediators called prostanoids, including prostaglandins, prostacyclin and thromboxane.

COX converts arachidonic acid, an ®-6 essential fatty acid, to prostaglandin H, (PGH,), the precursor
of the series-2 prostanoids. The enzyme contains two active sites: a heme with peroxidase activity,
responsible for the reduction of PGG, to PGH,, and a cyclooxygenase site, where arachidonic acid 1s
converted into the hydroperoxy endoperoxide prostaglandin G, (PGG,;). The reaction proceeds
through a hydrogen atom abstraction from arachidonic acid by a tyrosine radical generated by the

peroxidase active site, then two oxygen molecules react with the arachidonic acid radical, giving

PGG,.



10

15

20

25

30

35

CA 02692977 2010-01-12

WO 2009/009778 PCT/US2008/069894
18

100125] COX-1 1s a constitutive enzyme responsible for biosynthesis of prostaglandins in the gastric
mucosa and in the kidney among other sites. COX-2 is an enzyme that is produced by an inducible
gene that 1s responsible for biosynthesis of prostaglandins in inflammatory cells. Inflammation causes
induction of COX-2, leading to release of prostanoids (prostaglandin E2), which sensitize peripheral
nociceptor terminals and produce localized pain hypersensitivity, inflammation and edema.

[00126] Historically, physicians have treated inflammation-related disorders with a regimen of
NSAIDs such as, for example, aspirin and ibuprofen. Undesirably, however, some NSAIDs are
known to cause gastrointestinal (GI) bleeding or ulcers in patients undergoing consistent long term
regimens of NSAID therapy. Henry et al., Lancet, 1991, 337, 730. A reduction of unwanted side
effects of common NSAIDs was made possible by the discovery that the two cyclooxygenases
involved in the transformation of arachidonic acid as the first step in the prostaglandin synthesis
pathway were cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2).

[00127]Many common NSAIDs are now known to be inhibitors of both COX-1 and COX-2.
Accordingly, when administered in sufficiently high levels, these NSAIDs not only alleviate the
inflammatory consequences of COX-2 activity, but also inhibit the beneficial gastric maintenance
activities of COX-1. Research into the area of arachidonic acid metabolism has resulted in the
discovery of compounds that selectively inhibit the COX-2 enzyme to a greater extent than they
inhibit COX-1. These COX-2 selective inhibitors are believed to offer advantages that include the
capacity to prevent or reduce inflammation while avoiding harmful side effects associated with the
inhibition of COX-1. Thus, COX-2 selective inhibitors have shown great promise for use in therapies,
especially in therapies that require maintenance administration, such as for pain and inflammation
control.

[00128] As described herein, the terms “cyclooxygenase-2 inhibitor” and “Cox-2 inhibitor”, which can
be used interchangeably herein, denote compounds which inhibit the cyclooxygenase-2 enzyme
(COX-2) regardless of the degree of inhibition of the cyclooxygenase-1 enzyme (COX-1), and include
pharmaceutically acceptable racemates, enantiomers, tautomers, salts, esters and prodrugs of those
compounds. Thus, for purposes of the present disclosure, a compound is considered a COX-2
inhibitor although the compound inhibits COX-2 to an equal, greater, or lesser degree than it inhibits
COX-1. COX-2 inhibitors herein therefore encompass many traditional non-selective NSAIDs.
COX-2 Selective Inhibitors

[00129] COX-2 1nhibitors useful according to embodiments of the present disclosure are agents and
compounds that selectively or preferentially inhibit COX-2 to a greater degree than they inhibit COX-
1. Such agents and compounds are termed “COX-2 selective inhibitors™ herein.

[00130]In practice, in a test for selectivity of a COX-2 selective inhibitor, the observed selectivity
varies depending upon the conditions under which the test 1s performed and on the compound being
tested. For example, selectivity of a COX-2 inhibitor can be measured as a ratio of the in vitro or in

vivo ICsy value for inhibition of COX-1, divided by the corresponding ICs, value for inhibition of
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COX-2 (COX-1 IC5/COX-2 ICs0). A COX-2 selective inhibitor herein is thus any inhibitor for which
COX-1 ICso/COX-2 ICs 1s greater than 1. In various embodiments, this ratio is greater than about 2,
greater than about 5, greater than about 10, greater than about 50, or greater than about 100.

[00131] In one embodiment, the invention provides a composition, comprising a combination of a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor wherein the ratio of selectivity of COX-2 over
COX-1 inhibition 1s greater than about 1. In another embodiment, the invention provides a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 2. In a further
embodiment, the invention provides a composition comprising combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the ratio of selectivity of COX-2 over COX-1 inhibition is
greater than about 5. In another embodiment, the invention provides a composition comprising a
combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein the ratio of selectivity
of COX-2 over COX-1 inhibition is greater than about 7.8. In yet a further embodiment, the invention
provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR
inhibitor wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 10. In
another embodiment, the invention provides a composition comprising a combination of a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor wherein the ratio of selectivity of COX-2 over
COX-1 inhibition is greater than about 20. In a further embodiment, the invention provides a
composition comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 50. In yet a
further embodiment, the invention provides a composition comprising a combination of a 1,2-
diphenylpyrrole derivative and an EGFR inhibitor wherein the ratio of selectivity of COX-2 over
COX-1 1nhibition is greater than about 100. In one embodiment, the invention provides a composition
comprising a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor wherein 1-2-
diphenylpyrrole derivative 1s 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole. In another
embodiment, the invention provides a composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the EGFR inhibitor is erlotinib. In a further embodiment,
the invention provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative
and an EGFR inhibitor wherein the 1-2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-
(4-sulfamoylphenyl)-pyrrole and the EGFR inhibitor is erlotinib and wherein the ratio of selectivity of
COX-2 over COX-1 inhibition i1s greater than about 1, about 2, about 5, about 7.8, about 10, about 20,
about 50, and about 100.

[00132] In one embodiment, the invention provides a method for treating a tumor and/or tumor related
disease comprising administering a combination of a 1,2-diphenylpyrrole derivative and an EGFR
inhibitor wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 1. In
one embodiment, the invention provides a method for treating a tumor and/or tumor related disease

comprising administering a combination of a 1,2-diphenylpyrrole derivative and an EGFR 1nhibitor
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wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 2. In a further
embodiment, the invention provides a method for treating a tumor and/or tumor related disease
comprising administering a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 5. In yet a
further embodiment, the invention provides a method for treating a tumor and/or tumor related disease
comprising administering a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 10. In some
embodiments, the invention provides methods for treating a tumor and/or tumor related disease
comprising administering a combination of a 1,2-diphenylpyrrole derivative and an EGFR inhibitor
wherein the ratio of selectivity of COX-2 over COX-1 inhibition is greater than about 20, than about
50, and about 100. In other embodiments, the invention provides methods for treating a tumor and/or
tumor related disease comprising administering a combination of a 1,2-diphenylpyrrole derivative and
an EGFR inhibitor wherein the 1-2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and the EGFR inhibitor is erlotinib wherein the ratio of selectivity of COX-
2 over COX-1 inhibition is greater than about 1, about 2, about 5, about 7.8, about 10, about 20, about
50, and about 100.

[00133] As used herein, the term “ICsy” with respect to a COX-1 or COX-2 inhibitor refers to the
concentration of a compound that is required to produce 50% inhibition of activity of COX-1 or COX-

2. In one embodiment, 1,2-diphenylpyrrole derivatives useful in the present disclosure can have a
COX-2 ICs of less than about 3 uM. In another embodiment, the 1,2-diphenylpyrrole derivative has a
COX-2 ICsq of less than about 2.8 uM. In yet another embodiment, the 1,2-diphenylpyrrole derivative
has a COX-2 ICs¢ of less than about 2 uM. In some embodiments, 1,2-diphenylpyrrole derivative
useful in the present disclosure can have a COX-2 ICs, of less than about 1 uM, less than about 0.5
uM, or less than about 0.2 uM. 1,2-diphenylpyrrole derivatives useful in the present disclosure can
have a COX-1 ICs, of greater than about 1 uM, for example greater than about 20 uM. In one
embodiment, the invention provides a composition comprising a combination of a 1,2-diphenylpyrrole
derivative and an EGFR inhibitor wherein the ICs, is less than about 1 uM. In another embodiment,
the invention provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative

and an EGFR inhibitor wherein the ICsp 1s less than about 0.5 uM. In a further embodiment, the
invention provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the ICsj 1s less than about 0.2 uM. In one embodiment the 1,2-
diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole. In another
embodiment the EGFR inhibitor is erlotinib. In a further embodiment the 1,2-diphenylpyrrole
derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole and the EGFR inhibitor is
erlotinib wherein the 1Cs, is less than about 3 uM, about 2.8 uM, about 2 uM, about 1 uM, about 0.5
uM, and about 0.2 uM. |
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[00134] COX-2 inhibitors exhibiting a high degree of selectivity for COX-2 over COX-1 inhibition
can indicate ability to reduce incidence of common NSAID-induced side effects. In one embodiment,
the invention provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative
and an EGFR 1nhibitor wherein the NSAID-induced side effects are substantially diminished. For
example, NSAID-induced side effeéts include, but are not limited to, nausea, vomiting, diarrhea,
constipation, decreased appetite, rash, dizziness, headache, drowsiness, fluid retention, edema, kidney
tfailure, liver failure, ulcers and prolonged bleeding after surgery. In another embodiment, the
invention provides a composition comprising a combination of a 1,2-diphenylpyrrole derivative and an
EGFR inhibitor wherein the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)-pyrrole and the EGFR inhibitor is erlotinib and wherein the NSAID-induced side
effects are substantially diminished. _

[00135] A COX-2 selective inhibitor can be used in a form of a prodrug thereof. As described herein,
a “COX-2 prodrug” 1s a compound that can be converted into an active COX-2 selective inhibitor by
metabolic or simple chemical processes within the body of the subject. One example of a prodrug for
a COX-2 selective inhibitor is parecoxib, for example in a form of a salt such as parecoxib sodium,
which 1s a therapeutically effective prodrug of the tricyclic COX-2 selective inhibitor valdecoxib.
Overexpression of COX-2 and Cancer

{00136] The overexpression of COX-2 and also the upstream and downstream enzymes of the
prostaglandin synthesis pathway has been demonstrated in multiple cancer types and some pre-
neoplastic lesions. Direct interactions of prostaglandins with their receptors through autocrine or
paracrine pathways to enhance cellular survival or stimulate angiogenesis have been proposed as
molecular mechanisms underlying the pro-carcinogenic functions of COX enzymes. In this respect,
preclinical studies suggest that COX-2 may be involved in the molecular pathogenesis of some types
of lung cancer. Most of the studies point to its involvement in non-small cell lung cancer. Survival of
patients with non-small cell lung cancer expressing high levels of COX-2 is markedly reduced.
Treatment of humans with the selective COX-2 inhibitor celecoxib augments the antitumor eftects of
chemotherapy in patients with non-small cell lung cancer.

Studies indicate that prostaglandins synthesized by cyclooxygenase play a critical role in the initiation
and promotion of cancer. Aberrant COX-2 expression was reported in colorectal carcinomas and
adenomas, and has been detected in various human cancers, including those of the breast. Moreover,
COX-2 1s overexpressed in neoplastic lesions of the colon, breast, lung, prostate, esophagus, pancreas,

intestine, cervix, ovaries, urinary bladder and head and neck (see Table 1 below).

Tumor Type % Tissue expressing COX-2
Colorectal Cancer 70-95
Non-small Cell Lung Cancer | 70-90
Gastric Cancer 45-75
Pancreatic Cancer " 40-80
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Glioblastoma Multiforme | 40-70
Bladder Cancer | 50-60
Esophageal Cancer B W_W_mm"%m___
Breast Cancer | 40-50
Ovarian Cancer [ 40-60
Prostate Cancer 40-60

Table 1. COX-2 Expression in Tumors
[00137] COX-2 overexpression in murine mammary glands is sufficient to cause tumor formation. In
several 1n vitro and animal models, COX-2 inhibitors have inhibited tumor growth and metastasis.
[00138] In addition to cancers per se, COX-2 is also expressed in the angiogenic vasculature within
and adjacent to hyperplastic and neoplastic lesions indicating that COX-2 plays a role in angiogenesis.
In both the mouse and rat, COX-2 inhibitors markedly inhibited bFGF-induces neovascularization.
The utility of COX-2 inhibitors as chemopreventive, antiangiogenic and chemotherapeutic agents is
described in the literature. Koki et al., Exp. Opin., Invest. Drugs, 1999, 8(10) 1623-38.
[00139] COX-2 has been shown to regulate some embodiments of tumor-associated angiogenesis.
Angiogenesis 1S an attractive therapeutic target because it 1s a multi-step process that occurs in a
spectfic sequence, thus providing several possible targets for drug action. Angiogenesis is important
in two stages of tumor metastasis. The first stage where angiogenesis stimulation is important is in the
vascularization of the tumor which allows the tumor cells to enter the blood stream and to circulate
throughout the body. After the tumor cells have left the primary site and have settled into the
secondary, metastasis site, angiogenesis must occur before the new tumor can grow and expand.
Therefore, prevention of angiogenesis could lead to the prevention of metastasis of tumors and
possibly contain the neoplastic growth at the primary site. Examples of agents that interfere with
several of these steps include, angiostatin, endostatin, interferon alpha and COX-2 selective inhibitors
that prevent the growth of cells that form new blood vessels; and protein-based compounds that
simultaneously interfere with several of these targets.
[00140] Additionally, several studies have suggested that COX-2 expression is associated with
parameters of aggressive breast cancer, including large tumor size, positive axillary lymph node
metastases, and HER2-positive tumor status. Studies of mammary tumors in mice and rats have
indicated that moderate to high COX-2 expression is related to the genesis of mammary tumors that
are sensitive to treatment with nonspecific and specific COX-2 inhibitors. Further studies have shown
that increased amounts of prostaglandins and COX-2 are commonly found in a wide range of
premalignant tissues and malignant tumors including cervical dysplasia and cancer. Elevated
prostaglandin and COX-2 levels substantially contribute to carcinogenesis by inhibiting apoptosis and
stimulating angiogenesis. Tsujii and DuBois, Cell, 1995, 83, 493-501.
[00141] Further, COX-2 1s also highly expressed in prostate cancer, particularly in the epithelial cell of

high-grade prostatic intraepithelial neoplasia and cancer. It was shown that treatment of human
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prostate cancer cell lines with a selective COX-2 inhibitor induces apoptosis both in vitro and in vivo.
The in vivo results also indicate that the COX-2 inhibitor decreases tumor microvessel density and
angiogenesis. COX-2 inhibitors can prevent the hypnoxic upregulation of a potent angiogenic factor,

vascular endothelial growth factor.

[00142] Overexpression of COX-2 has been documented in several premalignant and malignant
tissues. Subbaramaiah et al., Trends Pharmacol. Sci., 2003, 24, 96-102. Without wishing to be bound
by any particular theory, this increase in expression is thought to be a product of stimulation of PKC
signaling, which stimulates activity of MAPK, enhancing transcription of COX-2 by nuclear factors.
Additionally, enhanced stability of COX-2 mRNA transcripts in cancer cells due to augmented
binding of the RNA-binding protein HuR, as well as activation of extracellular signal related kinase 1
and 2 (ERK 1 and 2) and p38, is thought to contribute to increased expression of COX-2.

[00143] These results indicate that COX-2 inhibitors may serve as effective chemopreventive and
therapeutic agents in cancer of the prostate.

COX-2 Selective Inhibitors

[00144] It has recently been found that the use of nonsteroidal anti-inflammatory drugs (NSAIDs) has
been associated with the prevention and treatment of several types of cancer. Thun et al., J. National
Cancer Inst., 2002, 94(4), 252-66. COX-2 inhibitors have been utilized for the treatment of cancer
and for the treatment of tumors. For example, celecoxib, a COX-2 selective inhibitor, exerted a potent

inhibition of fibroblast growth factor-induced corneal angiogenesis in rats. Masferrer et al., Proc. Am.
Assoc. Cancer Research, 1999, 40, 396. Other COX-2 inhibitors have been described for the

treatment of cancer, tumors and neoplasia. FR 27 71 005 describes compositions containing a COX-2
inhibitor and N-methyl-d-aspartate (NMIDA) antagonist used to treat cancer and other diseases.
Further, WO 99/18960 describes a combination comprising a COX-2 inhibitor that can be used to treat
colorectal and breast cancer. Additionally, WO 97/36497 describes a combination comprising a COX-
2 inhibitor and a 5-lipoxygenase inhibitor useful in treating cancer.

1,2-Diphenylpyrrole Derivatives

[00145] 1,2-Diphenylpyrrole derivatives and pharmaceutically acceptable salts, solvates, or prodrugs
are known to have analgesic and antiphlogistic properties. Further, they have been shown to act as
COX-2 selective inhibitors and are thus effective for the prophylaxis and therapy of diseases mediated
by COX-2 and/or inflammatory cytokines. In addition, I,2-diphenylpyrrole derivatives have been
shown to treat diseases involving or resulting from the resorption of bone, such as osteoporosis,
rheumatoid arthritis and osteoarthritis.

[00146] These types of analgesics, anti-inflammatory agents and/or antipyretics exhibit effects not
only on inflammatory diseases, such as pain, pyrexia, and edema, but also on chronic inflammatory
diseases, such as chronic rheumatoid arthritis and osteoarthritis, allergic inflammatory diseases,

asthma, sepsis, psoriasis, various autoimmune diseases, systemic lupus erythematosus, juvenile onset
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diabetes, autoimmune intestinal diseases (such as ulcerative colitis, Crohn's disease), viral infection,

and glomerulonephritis.

[00147] 1,2-Diphenylpyrrole derivatives described herein have the general formula:

R3 R*
)}
R2° N
7 \.R
i
—
SO,R!

whereln:

R 1s a hydrogen atom, a halogen atom or an alkyl group having from 1 to 6 carbon atoms;

R'! is an alkyl group having from 1 to 6 carbon atoms or an amino group;

R’ is a phenyl group which is unsubstituted or is substituted by at least one substituent
selected from the group consisting of substituents o and substituents [3;

R’ is a hydrogen atom, a halogen atom or an alkyl group which has from 1 to 6 carbon atoms
and which 1s unsubstituted or is substituted by at least one substituent selected from the group
consisting of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 6 carbon atoms and
an alkylthio group having from 1 to 6 carbon atoms;

R* is a hydrogen atom; an alkyl group which has from 1 to 6 carbon atoms and which is
unsubstituted or is substituted by at least one substituent selected from the group consisting of a
hydroxy group, a halogen atom, an alkoxy group having from 1 to 6 carbon atoms and an alkylthio
group having from 1 to 6 carbon atoms; a cycloalkyl group having from 3 to 8 carbon atoms, an aryl
group; or an aralkyl group; said aryl group having from 6 to 14 ring carbon atoms in a carbocyclic ring
and are unsubstituted or are substituted by at least one substituent selected from the group consisting
of substituents o and substituents [3; said aralkyl group are an alkyl group having from 1 to 6 carbon

atoms and which are substituted by at least one aryl group as defined above;

said substituents o are selected from the group consisting of a hydroxy group, a halogen atom,
an alkoxy group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 6 carbon

atoms;

said substituents [3 are selected from the group consisting of an alkyl group which has from 1
to 6 carbon atoms and which is unsubstituted or are substituted by at least one substituent selected
from the group consisting of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 6
carbon atoms and an alkylthio group having from 1 to 6 carbon atoms; an alkanoyloxy group having
from 1 to 6 carbon atoms; a mercapto group; an alkanoylthio group having from 1 to 6 carbon atoms;
an alkylsultinyl group having from 1 to 6 carbon atoms; a cycloalkloxy group having from 3 to 8
carbon atoms; a haloalkoxy group having from 1 to 6 carbon atoms; and an alkylenedioxy group

having from 1 to 6 carbon atoms; or a pharmaceutically acceptable salt, solvate, or prodrug.
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[00148] In one embodiment, the invention provides a 1,2-diphenylpyrrole derivative having the

formula: |
R3 R*
)}
R N
7 LR
A
—
SO,R!
wherein:

R 1s a hydrogen atom, a halogen atom or an alkyl group having from 1 to 4 carbon atoms;

R! is a methyl group or an amino group;

R? is an unsubstituted phenyl group or a phenyl group which is substituted by at least one
substituent selected from the group consisting of a halogen atom; an alkoxy group having from 1 to 4
carbon atoms; an alkylthio group having from 1 to 4 carbon atoms; an unsubstituted alkyl group
having from 1 to 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms and which is
substituted by at least one substituent selected from the group consisting of a halogen atom, an alkoxy
group having from 1 to 4 carbon atoms and an alkylthio group having from 1 to 4 carbon atoms; a
haloalkoxy group having from 1 to 4 carbon atoms; and an alkylenedioxy group having from 1 to 4
carbon atoms;

R’ is a hydrogen atom, a halogen atom, an unsubstituted alkyl group having from 1 to 4
carbon atoms or a substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least
one substituent selected from the group consisting of a halogen atom, an alkoxy group having from 1
to 4 carbon atoms and an alkylthio group having from 1 to 4 carbon atoms;

R* is a hydrogen atom; an unsubstituted alkyl group having from 1 to 4 carbon atoms; a
substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least one substituent
selected from the group consisting of a hydroxy group, a halogen atom, an alkoxy group having from
1 to 4 carbon atoms and an alkylthio group having from 1 to carbon atoms; a cycloalkyl group having
from 3 to 6 carbon atoms; an aryl group which has from 6 to 10 ring carbon atoms and which i1s
unsubstituted or 1s substituted by at least one substituent selected from the group consisting of a
halogen atom; an alkoxy group having from 1 to 4 carbon atoms; an alkyithio group having from 1 to
4 carbon atoms; an unsubstituted alkyl group having from 1 to 4 carbon atoms; an alkyl group having
from 1 to 4 carbon atoms and substituted by at least one substituent selected from the group consisting
of a hydroxy group, a halogen atom, an alkoxy group having from 1 to 4 carbon atoms and an
alkylthio group having from 1 to 4 carbon atoms; and a cycloalkyloxy group having from 3 to 7
carbon atoms; an aralkyl group having from 1 to 4 carbon atoms in the alkyl part and containing at
least one said aryl group; or a pharmaceutically acceptable salt, solvate, or prodrug.

[00149] In one embodiment, the invention provides a 1,2-diphenylpyrrole derivative wherein:
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R 15 a hydrogen atom;

R is an amino group;

R? is an unsubstituted phenyl group or a phenyl group which is substituted by at least one
substituent selected from the group consisting of a halogen atom, an alkoxy group having from 1 to 4
carbon atoms, an alkylthio group having from 1 to 4 carbon atoms, an alkyl group having from 1 to 4
carbon atoms, a haloalkyl group having from 1 to 4 carbon atoms, a haloalkoxy group having from 1
to 4 carbon atoms and a alkylenedioxy group having from 1 to 4 carbon atoms;

R* is a hydrogen atom, a halogen atom, an alkyl group having from 1 to 4 carbon atoms or a
haloalkyl group having from 1 to 4 carbon atoms;

R* is a hydrogen atom; an unsubstituted alkyl group having from 1 to 4 carbon atoms; a
substituted alkyl group having from 1 to 4 carbon atoms and substituted by at least one substituent
selected from the group consisting of a hydroxy group and an alkoxy group having from 1 to 4 carbon
atoms; a cycloalkyl group having from 3 to 6 carbon atoms; an aryl group which has from 6 to 10 ring
carbon atoms and which is unsubstituted or is substituted by at least one substituent selected from the
group consisting of a hydroxy group; a halogen atom; an alkoxy group having from 1 to 4 carbon
atoms; an unsubstituted alkyl group having from 1 to 4 carbon atoms; an alkyl group having from 1 to
4 carbon atoms and which 1s unsubstituted or substituted by at least one halogen atom; and a
cycloalkyloxy group having from 3 to 7 carbon atoms; and an aralkyl group having from 1 to 4 carbon
atoms in the alkyl part and containing at least one said aryl group; or a pharmaceutically acceptable
salt, solvate, or prodrug.

[00150] In one embodiment, R is a hydrogen atom. In another embodiment, R is a fluorine atom. In a
further embodiment, R is a chlorine atom. In yet a further embodiment, R is a methyl group.

[00151] In one embodiment, R' is a methyl group. In another embodiment, R' is an amino group.
[00152]In one embodiment, R” is a pheny! group.

[00153] In one embodiment, R’ is a hydrogen atom. In another embodiment, R is a halogen atom.
[00154] In one embodiment, R* is a hydrogen atom.

[00155] The term “aryl” refers to a carbocyclic aromatic hydrocarbon group having from 6 to 14
carbon atoms in one or more aromatic rings or such a group which is fused to a cycloalkyl group
having from 3 to 10 carbon atoms, and the group is unsubstituted or it is substituted by at least one
substituent selected from the group consisting of hydroxy groups, halogen atoms, lower alkoxy
groups, lower alkylthio groups, lower alkyl groups, alkanoyloxy groups, mercapto groups, alknoylthio
groups, lower alkylsulfinyl groups, lower alkyl groups having at least one substituent selected from the
group consisting of cycloalkloxy groups, lower haloalkoxy groups, and lower alkylenedioxy groups.
[00156] In some embodiments, the 1,2-diphenylpyrrole derivative is selected from the group consisting
of compounds 2-1 — 2-213 of Table 2 as disclosed in U.S. 6,887,893, which 1s herein incorporated in

its entirety by reference.
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[00157}In one embodiment, the 1,2-diphenylpyrrole derivative is selected from the group consisting
of: 4-methyl-2-(4-methylphenyl)-1-(4-sulfamoylphenyl)pyrrole; 2-(4-methoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)pyrrole; 2-(4-chlorophenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 4-methyl-2-(4-
methylthiophenyl)-1-(4-sulfamoylphenyl)pyrrole; 2-(4-ethoxyphenyl)-4-methyl-1-(4-
sulfamoylphenyl)pyrrole; 2-(4-methoxy-3-methylphenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 2-
(3-fluoro-4-methoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)pyrrole; 2-(3,4-dimethylphenyl)-4-
methyl-1-(4-sulfamoylphenyl)pyrrole; 4-methyl-1-(4-methylthiophenyl)-2-(4-
sulfamoylphenyl)pyrrole; 1-(4-acetylaminosulfonylphenyl)-4-methyl-2-(4-methoxyphenyl)pyrrole;
and 1-(4-acetylaminosulfonylphenyl)-4-methyl-2-(3,4-dimethylphenyl)pyrrole. In another
embodiment, the invention provides a method wherein the 1,2-diphenylpyrrole derivative is 2-(4-
ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole.
[00158] In another embodiment, the 1,2-diphenylpyrrole derivative is 2-(4-ethoxyphenyl)-4-methyl-1-
(4-sultamoylphenyl)-pyrrole.
[00159] The methods for synthesizing 1,2-diphenylpyrrole derivatives, illustrated herein, are described
in the Examples section and in U.S. RE39,420, which is incorporated herein by reference in its
entirety.

Me

[\
N

EtO

SO,NH,

2-(4-ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole

[00160] 2-(4-Ethoxyphenyl)-4-methyl-1-(4-sulfamoylphenyl)-pyrrole has alternative chemical names,
including 4-[2-(4-ethoxyphenyl)-4-methyl- 1 H-pyrrol-1-yl benzenesulfonamide, 4-[2-(4-
ethoxyphenyl)-4-methyl-1H-pyrrol-1-yl]benzenesulfonamide, TGO01, CS-706 and apricoxib. It has a
molecular formula of C;sH»,N>O3S, a molecular weight of 356.4 and the CAS registry number is
197904-84-0.

Receptor Tyrosine Kinases

[00161] Protein tyrosine kinases are a class of enzymes that catalyze the transfer of a phosphate group
from ATP or GTP to the tyrosine residue located on protein substrates. Protein tyrosine kinases
clearly play a role in normal cell growth. Many of the growth factor receptor proteins function as
tyrosine kinases and 1t 1s by this process that they effect signaling. The interaction of growth factors
with these receptors is a necessary event in normal regulation of cell growth. Under certain
conditions, however, as a result of either mutation or overexpression, these receptors can become

deregulated; the result of which 1s uncontrolled cell proliferation which can lead to tumor growth and
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ultimately to the disease known as cancer. Wilks, Adv. Cancer Res., 1993, 60, 43. Among the growth
factor receptor kinases and their proto-oncogenes that have been identified and which are targets of the
combinations presented herein are the epidermal growth factor receptor kinase (EGFR kinase, the
protein product of the erbB oncogene), and the product produced by the erbB-2 (also referred to as the
neu or HER2) oncogene. Since the phosphorylation event i1s a necessary signal for cell division to
occur and since overexpressed or mutated kinases have been associated with cancer, an inhibitor of
this event, a protein tyrosine inhibitor, will have therapeutic value for the treatment of cancer and other
diseases characterized by uncontrolled or abnormal cell growth. For example, overexpression of the
receptor kinase product of the erbB-2 oncogene has been associated with human breast and ovarian
cancers. Slamon et. al., Science, 1989, 244, 707. Deregulation of EGFR kinase has been associated
with epidermoid tumors and tumors involving other major organs. Because of the importance of the
role played by deregulated receptor kinases in the pathogenesis of cancer, many recent studies have
dealt with the development of specific PTK inhibitors as potential anti-cancer therapeutic agents.
[00162] Receptor tyrosine kinases span the cell membrane and possess an extracellular binding domain
for growth factors such as epidermal growth factor (EGF), a transmembrane domain, and an
intracellular portion which functions as a kinase to phosphorylate specific tyrosine kinase residues in
proteins and hence to influence cell proliferation. The EGF receptor tyrosine kinase family has four
members: EGFR (HERI1, erbB1); HER2 (c-erbB2, ertbB2, neu); HER3 (erbB3); and HER4 (erbB4).
The ErbB receptors generally transduce signals through two pathways. It is known that such kinases
are frequently and aberrantly expressed in common human cancers such as breast cancer,
gastrointestinal cancer of colon, rectum or stomach, leukemia, and ovarian, bronchial or pancreatic
cancer. As discussed previously, epidermal growth factor receptor (EGFR), 1s mutated and/or
overexpressed in many human cancers such as brain, lung, squamous cell, bladder, gastric, breast,
head and neck, oesophageal, gynecological and thyroid tumors.

Epidermal Growth Factor Receptors

[00163] Control of cell growth is regulated by the interaction of soluble growth factors and cell
membrane receptors. The first step in the mitogenic stimulation of epidermal cells is the specific
binding of epidermal growth factor (EGF) to a membrane glycoprotein known as the epidermal growth
factor receptor (EGFR). The EGFR is composed of 1,186 amino acids which are divided into an
extracellular portion of 621 residues and a cytoplasmic portion of 542 residues connected by a single
hydrophobic transmembrane segment of 23 residues. Ullrich et al., Nature, 1986, vol. 309, 418-25.
The external portion of the EGFR can be subdivided into four domains. Recently, 1t has been
demonstrated that domain IIi, residues 333 to 460 which is flanked by two cysteine domains is likely
to contain the EGFR binding site of the receptor. Lax et al., Mol. And Cell Biol., 1988, vol. 8, 1831-
34. The binding of EGF to domain III leads to the initiation of pleiotropic responses leading to DNA

synthesis and cell proliferation.
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[00164] EGFR has also been found in various types of human tumor cells and that those cells
overexpress EGFR. For example, the cancerous cells of bladder tumors have been shown to have a
relatively large population of EGF receptors. Neal et al., Lancet, 1985, vol. 1, 366-67. Breast cancer
cells exhibit a positive correlation between EGFR density and tumor size and a negative correlation
with the extent of differentiation. Sainsbury et al., Lancet, 1985, vol. 1, 364-66. The tumorigenicity
of a series of human vulval epidermoid carcinoma (A431) clonal variants implanted into athymic mice
having different levels of EGFR was found to correlate directly with the level of expression of the
EGF receptor. Santon et al., Cancer Res., 1986, vol. 46, 4700-01. Thus, it has been proposed that
overexpression of EGFRs play a role in the origin or tumorigenesis of cancer cells.

EGFR and COX Pathways

[00165] The relationship between the EGFR and COX pathways, to date, has not yet been fully
elucidated. It has been submitted, however, that induction of COX-2 results in the production of
increased levels of prostaglandins which then stimulate angiogenesis, cell proliferation and cell
differentiation in an autocrine and/or paracrine manner. As described above, NSAIDs inhibit this
process. Prostaglandins promote angiogenesis, along with cellular differention and proliferation.
They also activate signaling through the EGFR. EGFR activation leads to phosphorylation on tyrosine
residues by the receptor’s tyrosine kinase domain, initiating a signaling pathway that includes the
molecules Grb-2, SOS, the small G protein Raf. Raf activates Mitogen-Activated Protein Kinase
Kinase (MAPKK) and group of nuclear transcription factors (c-myc, c-fos, c-jun); (see Figure 2).
These factors initiate transcription of genes involved in the regulation of cell proliferation and
differentiation. Additionally, these factors induce transcription of the COX-2. These effects may
significantly amplify the original EGFR mediated signal and lead to pro-neoplastic effects. Inhibiting
both signaling pathways could lead to a significant anti-neoplastic effect.

[00166] Studies have provided support that EGFR induces COX-2 in intestinal epithelial cells and
anti-HER2 antibodies can inhibit COX-2 expression in colorectal cancer cells. In addition,
overexpression of COX-1 or COX-2 1n colon carcinoma cells has been shown to increase EGFR
expression. Thus, COX and EGFR levels appear to be linked in a positive feedback cycle during
colon cancer development. While the exact mechanism by which dysregulated EGF signaling
promotes colon carcinogenesis is not clearly understood, it has been submitted that EGFR activation in
a variety of cell types results in stimulation of cell proliferation and alterations in cell motility and/or
adhesion to extra-cellular matrix. Studies have suggested that COX can positively influence tumor
growth by promoting tumor associated angiogenesis.

[00167] 1t has also recently been proposed that the activation and overexpression of COX-2 in
adenomatous polyps is due to activation of the EGFR. EGFR stimulation by one of its ligands,
amphiregulin (AR), induces the nuclear targeting of COX-2, release of prostaglandins and subsequént
mitogenesis, in polarized colonic epithelial cells. COX-2 inhibitors have been shown to prevent this

series of events.
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EGFR Inhibitors

[00168] Accordingly, it has been recognized that inhibitors of receptor tyrosine kinases are useful as
selective inhibitors of the growth of mammalian cancer cells. For example, erbstatin, a tyrosine kinase
inhibitor, selectively attenuates the growth in athymic nude mice of a transplanted human mammary
carcinoma which expresses EGFR but is without effect on the growth of another carcinoma which
does not express the EGFR.

[00169] Various other compounds, such as styrene derivatives, have also been shown to possess
tyrosine Kinase inhibitory properties. Others have disclosed that certain quinazoline derivatives
possess anti-cancer properties which result from their tyrosine inhibitory properties.

[00170] As described herein, an “EGFR 1nhibitor” 1s a molecule which inhibits the kinase domain of
the epidermal growth factor receptor. Compounds which are EGFR inhibitors can readily be
identified by one skilled in the art using methods such as, for example, standard pharmacological test
procedures which measure the inhibition of the phosphorylation of the tyrosine residue of a peptide
substrate catalyzed by EGFR. Briefly, the peptide substrate (RR-SRC) has the sequence arg-arg-leu-
ile-glu-asp-ala-glu-tyr-ala-ala-arg-gly. The enzyme is obtained as a membrane extract of A431 cells
(American Type Culture Collection, Rockville, Md.). A431 cells are grown 1n T175 flasks to 80%
confluency. The cells are washed twice with phosphate buffered saline (PBS) without Ca®". Flasks
are rotated for 1.5 hours in 20 ml PBS with 1.0 mM ethylenediaminetetraacetic acid (EDTA) at room
temperature and centrifuged at 600 g for 10 minutes. The cells are solubilized in 1 ml per 5x10° cells
of cold lysis bufter {10 mM 4-(2-hydroxyethyl)-1-piperazineethanesultonic acid (HEPES), pH 7.6, 10
mM NaC(Cl, 2 mM EDTA, 1 mM phenylmethylsulfonyl-fluoride (PMSF), 10 mg/ml aprotinin, 10
mg/ml leupeptin, 0.1 mM sodium orthovanadate} in a Dounce homogenizer with 10 strokes on ice.
The lysate is centrifuged at 600 g for 10 minutes first to clear cell debris and the supernatant further
centrifuged at 100,000 g for 30 min at 4.degree. C. The membrane pellet 1s suspended 1in 1.5 ml HNG
buffer (50 mM HEPES, pH 7.6, 125 mM NaCl, 10% glycerol). The membrane extract 1s divided into
aliquots, immediately frozen in liquid nitrogen and stored at -70 °C.

[00171] Compositions to be evaluated are made into 10 mg/ml stock solutions in 100%
dimethylsulfoxide (DMSQO). Stock solutions are diluted to 500 mM with buffer (30 mM Hepes pH
7.4) and then serially diluted to the desired concentration. An aliquot of the A431 membrane extract

(10 mg/ml) is diluted in 30 mM HEPES (pH 7.4) to give a protein concentration of S0 pg/ml. To 4 pul
of enzyme preparation, EGF (1 ul at 12 ug/ml ) is added and incubated for 10 min on ice followed by
4 ul of the test compound or buffer; this mix is incubated on ice for 30 min. To this is added the *°P-

ATP (10 mCi/ml) diluted 1:10 in assay buffer along with the substrate peptide at a concentration of 0.5
mM (control reactions get no test compound) and the reaction is allowed to proceed for 30 min at
30°C. The reaction is stopped with 10% TCA and left on ice for at least 10 min after which tubes are
microcentrifuged at full speed for 15 min. A portion of the supernatants are then spotted on P81

phosphocellulose discs and washed twice in 1% acetic acid then water for 5 min each followed by
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scintillation counting. The results obtained can be expressed as an ICsy. The ICs, is the concentration
of test compound needed to reduce the total amount of phosphorylated substrate by 50%. The %
inhibition of the test compound is determined for at least three different concentrations and the 1Cs,
value 1s evaluated from the dose response curve. The % inhibition is evaluated with the following
formula:

% 1nhibition = 100-[CPM(drug)/CPM(control)]x100
where CPM(drug) 1s in units of counts per minute and is a number expressing the amount of
radiolabeled ATP (g-° P) incorporated onto the RR-SRC peptide substrate by the enzyme after 30
minutes at 30 °C in the presence of test compound as measured by liquid scintillation counting.
CPM(control) 1s in units of counts per minute and 1s a number expressing the amount of radiolabeled
ATP (g->° P) incorporated into the RR-SRC peptide substrate by the enzyme after 30 minutes at 30 °C.
in the absence of test compound as measured by liquid scintillation counting. The CPM values are
corrected for the background counts produced by ATP in the absence of the enzymatic reaction.
Compounds having an 1Cs, of about 200 nM or less are considered to be significantly active EGFR
inhibitors.
[00172] The 1dentification of EGFR as an oncogene has led to the development of anticancer
therapeutics directed against EGFR, including gefitinib and cetuximab for colon cancer. Cetuximab is
an example of a monoclonal antibody inhibitor, while gefitinib is a small molecule mhibitor.
Monoclonal Antibodies
[00173] The monoclonal antibodies block the extracellular ligand binding domain. With the binding
site blocked, signal molecules can no longer attach there and activate the tyrosine kinase.
[00174] Cetuximab is a chimeric monoclonal antibody generated from fusion of the variable region of
the murine anti-EGFR monoclonal antibody M225 and the human IgG1 constant region. The resulting
antibody retains high affinity and specificity to EGFR and reduces immunogenicity. Preclinical
studies have demonstrated that cetuximab effectively inhibits the proliferation of a variety of EGFR-
expressing cancer cells in vitro and that it inhibits tumor growth in xenograft models. In an orthotopic
pancreatic cancer model, cetuximab significantly suppressed the growth of orthotopically implanted
pancreatic tumors, and this effect was enhanced by the addition of gemcitabine. Histologic analysis of
tumor specimens revealed that cetuximab induced apoptosis and suppressed proliferation of tumor
cells. Interestingly, cetuximab also induced apoptosis of endothelial cells, which are not believed to
be direct targets of EGFR inhibition. Moreover, an antiangiogenic effect, characterized by decreased
microvascular densities associated with reduced expression of tumor-related VEGF and interleukin-8,
was observed. These data suggest that, in addition to direct antiproliferative activity, antiangiogenic
activity contributes significantly to the antitumor effect of EGFR inhibitors.
[00175] Panitumumab (ABX-EGF ) is a fully human monoclonal antibody specific to EGFR and 1s

produced by immunization of transgenic mice, that are able to produce human immunoglobulin light
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and heavy chains. Following immunization, a specific clone of B cells that produced the antibody
against EGFR are selected and immortalized for the generation of the antibody.

{00176] Effective anti-EGFR monoclonal antibodies compete with endogenous ligands, primarily EGF
and transforming growth factor a for receptor ligand-binding sites. Binding to EGFR blocks critical
signaling pathways and interferes with the growth of tumors expressing EGFR. Anti-EGFR
monoclonal antibodies that are currently under study include EMD 55900 and ICR 62.

Small Molecules

[00177] Another method 1s using small molecules to inhibit the EGFR tyrosine kinase, which is on the
cytoplasmic side of the receptor. Without kinase activity, EGFR is unable to activate itself, which is a
prerequisite for binding of downstream adaptor proteins. Ostensibly by halting the signaling cascade
in cells that rely on this pathway for growth, tumor proliferation and migration is diminished.

[00178] Getitinib 1s currently only indicated for the treatment of locally advanced or metastatic non-
small cell lung cancer (NSCLC) in patients who have previously received chemotherapy. While
gefitinib has yet to be proven to be effective in other cancers, there is potential for its use in the
treatment of other cancers where EGFR overexpression is involved.

Erlotinib

[00179] V-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine, also known as erlotinib
(Tarceva®), 1s currently being used to help treat advanced non-small cell lung cancer, and in
combination with gemcitabine in the treatment for advanced metastatic pancreatic cancer. U.S.
5,747,498 describes the preparation of erlotinib and other chemically-related compounds.
Additionally, U.S. 6,900,221 describes the use of a stable polymorph of erlotinib as an inhibitor of the
erbB family of oncogenic and protoncogenic protein kinases such as EGFR. Also, the patent
1llustrates methods for the treatment of non-small cell lung cancer, pediatric malignancies, cervical and
other tumors caused or promoted by human papilloma virus (HPV), melanoma, Barrett’s esophagus
(pre-malignant syndrome), adrenal and skin cancers and auto immune, neoplastic cutaneous diseases

and atherosclerosis.
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N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine

Gemcitabine
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OH F Gemcitabine

[00180] Gemcitabine is a nucleoside analog that exhibits antitumor activity. The chemical name for

gemcitabine is 3-2’-deoxy-2’,2’-difluorocytidine and is administered as the hydrochloride salt. The
cytotoxic effect of <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>