
COMBINATION THERAPIES FOR THE TREATMENT OF CANCER 

BACKGROUND 

Blocking of prostaglandin E2 (PGE2) signaling through the interaction of PGE2 with 

the prostaglandin E receptor 4 (EP4) by antagonists has been shown to be effective in reducing 

inflammation (Chen et al. (2010) British J. Pharmacol, 160, 292-310). PGE2 has also been 

implicated as an important constituent in the immunosuppressive environment created by many 

solid tumors (Whiteside (2010) Expert Opinion in Biological Therapy. 2010.10, 1019-1035), 

and inhibition of EP4 signaling by antagonists were shown to reduce tumor growth (Terada et 

al. (2010) Cancer Res. 70, 1606-1615) and tumor metastasis in tumor animal models (Yang et 

al. (2006) Cancer Res. 66, 9665-9672). 

Even with the most advanced cancer therapies, there continues to be a medical need for 

more effective treatments for solid cancers, particularly cancer that has metastasized. 

SUMMARY 

The anti-tumor activities of various combinations of an EP4 antagonist with: radiation; 

antibodies to cytotoxic t-lymphocyte antigen 4 (anti-CTLA4); antibodies to programmed death 

ligand 1 (anti-PDL1); antibodies to programmed cell death protein 1 (anti-PD1); and anti-

metabolites have been examined. The results from this examination have indicated improved 

and/or synergistic anti-tumor activities by the combination of the .EP4 antagonist with the other 

therapies as compared to single agent treatment alone, and in some embodiments this may 

result in a memory immune response against the tumor, even as against a different cancer. 

Thus, in one aspect of the invention, provided is the use of an EP4 antagonist in the 

manufacture of a medicament for treating cancer in a subject in need thereof wherein the 

medicament is to be used in combination with a therapy selected from the group consisting of: 

radiation therapy, an antibody therapy, and combinations thereof; wherein the EP4 antagonist 
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another aspect, the present invention refers to the use of an EP4 antagonist in the manufacture 

of a medicament for generating a memory immune response against a cancer in a subject in 

need thereof wherein the medicament is to be used in combination with a therapy selected from 

the group consisting of: radiation therapy, an antibody therapy, and combinations thereof; 
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wherein the EP4 antagonist is: 	F F 	 or a pharmaceutically acceptable 

salt thereof. In still another aspect, the present invention refers to the use of an EP4 antagonist 

in the manufacture of a medicament for treating cancer in a subject in need thereof wherein the 

medicament is to be used in combination with an anti-metabolite chemotherapy, and wherein 

the EP4 antagonist is: 

thereof. 

OH 

or a pharmaceutically acceptable salt 
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Also described herein is a method of treating cancer in a subject in need thereof comprising 

administering an EP4 antagonist in combination with a therapy selected from the group 

consisting of radiation therapy, antibody therapy and anti-metabolite chemotherapy. In a more 

particular examples, the antibody therapy is selected from the group consisting of CTLA4 

antibody therapy, PDL1 antibody therapy, and PD1 antibody therapy. In some embodiments, 

the cancer is metastatic cancer. 

In another example, provided is a method of generating a memory immune response in 

a subject in need thereof comprising administering an amount of an EP4 antagonist in 

combination with a therapy selected from the group consisting of radiation therapy, antibody 

therapy and anti-metabolite chemotherapy. In another more particular example, the antibody 

therapy is selected from the group consisting of CTLA4 antibody therapy, PDL1 antibody 

therapy and PD1 antibody therapy. 

In yet another example, the cancer treated is selected from the group consisting of 

breast cancers, cervical cancers, colorectal cancers, endometrial cancers, glioblastomas, head 

and neck cancers, kidney cancers, liver cancers, lung cancers, medulloblastomas, ovarian 

cancers, pancreatic cancers, prostate cancers, skin cancers and urinary tract cancers. 

In more particular examples, provided are methods of treating cancer and/or generating 

a memory immune response comprising administering a compound of Formula (1): 

R3  

R5 	R4 

(I), 

wherein: 

one of Ria  and Rib is hydrogen, and the other is methyl; or RI, and Rib are taken 

together to folio a cyclopropyl ring; 

R2 is methyl or fluoromethyl; 

R3 is methyl; 

R4 is hydrogen, halo, methyl, fluoromethyl, methoxy, or fluoromethoxy; 

R5 is hydrogen, halo, methyl, fluoromethyl, methoxy, or fluoromethoxy; 

R6 is hydrogen, halo, methyl, or methoxy; 

R7 is hydrogen, halo, methyl, or methoxy; and 



X is oxygen; 

or a pharmaceutically acceptable salt thereof, 

in combination with radiation therapy; in combination with anti-CTLA4 therapy; in 
combination with anti-PDL1 therapy; in combination with anti-PD1 therapy; and/or in 
combination with anti-metabolite chemotherapy. 

Further provided is the use of a combination of an EP4 antagonist and a therapy 
selected from the group consisting of radiation therapy, antibody therapy and/or anti-metabolite 
chemotherapy for treating cancer and/or generating a memory immune response as disclosed 
herein. 

Also provided is the use of an EP4 antagonist in the preparation of a medicament for a 
combination therapy with a therapy selected from the group consisting of radiation therapy, 
antibody therapy and/or anti-metabolite chemotherapy for treating cancer and/or generating a 
memory immune response as disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure I. Significantly improved anti-tumor growth activity of radiation/ER-

886046 combination therapy compared with radiation alone. Panel A) Average tumor sizes 
of the CT26 tumor-bearing mice that received 9 Gy radiation + ER-886046, 9 Gy radiation 
alone, or vehicle alone. Panel B) Average animal body weight of the CT-26 tumor-bearing 
mice. Radiation treatment: 9 Gy single dose on day 9; ER-886046 dosing: 150 mg/kg, oral (po) 
administration daily from day 9 to day 32. Administration of radiation and ER-886046 to the 
tumor-bearing mice is indicated by the arrows and bars, respectively. N = 10-12 per group. *, p 
< 0.05, student t-test. 

Figure 2. Tumor growth plots of the individual CT-26 tumors treated with 

radiation/ER-886046 or radiation alone. The animals are of the experiment described in 

Figure 1. Panel A) Vehicle treatment group. Panel B) Radiation. Panel C) Radiation plus ER-

886046. N = 10-12 per group. Cure, complete tumor regression; Progression, fast tumor 

growth; Stable, comparable size from initial tumors before the treatment. Radiation treatment: 

9 Gy single dose on day 9; ER-886046 dosing: 150 mg/kg, oral (po) administration daily from 

day 9 to day 32. Each line represents an individual animal. 

Figure 3. Improved tumor growth suppression and animal survival by low dose 

radiation/ER-886046 compared with low dose radiation alone. Plots of animal survival 

status among indicated treatment groups. Radiation treatment: 3 Gy single dose on day 17; ER-

886046 dosing: 150 mg/kg, po administration daily from days 17 to 45. Once an animal 

reached 20% weight loss compared its initial body weight or had a tumor volume equal to or 

higher than 2000 mm3, the animal was removed from the study according to the protocol. N -- 

10 per group. *, p < 0.05; ***, p < 0.001; Gehan-Breslow-Wilcoxon test. 

Figure 4. Long lasting anti-tumor effect with a memory immune response by ER-

886046/radiation treatment. Panel A) Tumor growth in the cured mice by ER-886046 and 

radiation combination treatment or in the naive Ba1B/c mice that received injection of CT26 
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cells. Panel B) Tumor growth of secondarily challenged CT-26 tumors in the cured mice or in 

naive mice. Panel C) Growth of 4T1 tumors in cured mice or in naive mice. N = 9-10. Note the 

complete rejection of challenged CT-26 tumor and reduced growth of challenged 4T1 tumors in 

the combination cured mice. ***, p < 0.001. 2 tailed student t-test. Note that no treatment was 

applied to any animals. 

Figure 5. Anti-tumor effect of ER-886046/radiation in a bilateral tumor model. Two 

similar-sized CT-26 tumors were grown in a host by injecting CT26 cells subcutaneously on 

both right and left flanks of BalB/c mice. Radiation was applied to the right flank tumor on both 

day 9 and day 13 as indicated by arrows in panel A. ER-886046 was administered daily po to the 

animals at a dose of 150 mg/kg as indicated by the bars. ER-886046 was dosed to animals from 

day 9 to day 27. Panel A) Average size of the right flank tumor that received radiation and ER-

886046. Panel B) Average size of the left flank tumor that received no radiation (radiation 

administered only to the right flank tumor). Note that the combination of radiation/ER-886046 

administered to the right flank tumor significantly slowed the growth of the left flank tumor of 

the same origin, which did not receive radiation treatment, indicating an abscopic effect. **, p < 

0.01; ns, not significant; student t-test. 

Figure 6. Anti-pulmonary metastasis activity of ER-886046/radiation in breast 4T1 

tumor model. 4T1-luc2 cells were subcutaneously (sc) inoculated into the BalB/c mice. When 

the average size of tumors reached 100 mm3, the tumors were radiated with a dose of 9 Gy once 

with or without daily oral administration of ER-886046 at dose of 150 mg/kg. Panel A) At the 

end of study on day 27, lung metastasis of the animals was analyzed and quantified by luciferase 

expression. Panel B) Representative IVIS images of each group are shown. Student t-test was 

used for statistic analysis. 

Figure 7. Radiation and ER-886046 worked synergistically to modify the 

intratumoral immunity. Panel A) Quantification of myeloid cells (CD11b+) and cytotoxic T 

cells (CD8+) in the CT26 tumors that received 9 Gy alone, 9 Gy+ ER-886046, or vehicle alone. 

Panel B) Quantification of myeloid-derived suppressor cells (MDSC cells, CD11b+Gr1+) in the 

tumors. Radiation was given once to the tumors on the day of randomization, while ER-886046 

was administered po daily administrated at 150 mg/kg to the animals for 7 consecutive days after 

randomization. The tumors were analyzed by flow cytometry one day after the last dose of ER-

886046. **, p < 0.01; ns, not significant; student t-test. 

Figure 8. Synergistic anti-tumor activity of ER-886046 with anti-CTLA4 in B16F10 

tumors. Panel A) Anti-tumor growth activities of anti-CTLA4 and ER-886046 in B16F10 

melanoma tumors growing in C57BL/6 mice. Panel B) Animal body weight changes of the 
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treatment groups. Anti-CTLA4 dosing: 200 lig for the first intravenous (iv) injection on day 3 

after transplantation and 100 lig for the other three iv injections on days 6, 9 and 12 as indicated 

by the arrows. ER-886046 dosing: 150 mg/kg, po daily administration from day 3 to day 15 as 

indicated by the bars. *, p < 0.05; **, p < 0.01; ns, not significant; student t test. 

Figure 9. Enhanced anti-tumor activities of anti-PDL1 or anti-PD1 by ER-886046 in 

CT26 tumors. Panel A) Activities of anti-PDL1 plus ER-886046 and anti-PDL1 alone. Anti-

PDL1 dosing: 200 lig per iv injection on days 9, 12, 15 and 18 post cell implantation as 

indicated by the arrows; ER-886046 dosing: 150 mg/kg, po daily administration from day 9 to 

day 19 post cell implantation as indicated by the bar. Panel B) Activities of anti-PD1 plus ER-

886046 and anti-PD1 alone. Anti-PD1 dosing: 200 lig per iv injection on days 9, 12, 15, 18 and 

21 post cell implantation as indicated by the arrows; ER-886046 dosing: 150 mg/kg, po daily 

administration from day 9 to day 23 post cell implantation as indicated by the bar. *, p < 0.05; 

***, p < 0.001; student t-test. 

Figure 10. Enhanced anti-tumor activity by combination therapy of ER-886046 and 

anti-metabolite chemotherapy with radiation compared to anti-metabolite chemotherapy 

with radiation alone. Antitumor activity of gemcitabine plus local radiation (RT) administered 

to PANO2 pancreatic tumors in C57BL/6 mice with or without ER-886046. Gemcitabine and RT 

dosing: a single 40 mg/kg dose of gemcitabine and a single 6 Gy dose of RT, was administered 

on day 27 post tumor cell injection. ER-8806046 was administered daily in an amount of 150 

mg/kg from day 27 post tumor cell injection until the end of the study. 

Figure 11. Additional experiments with combination therapy of ER-886046 and 

anti-metabolite chemotherapy with radiation compared to anti-metabolite chemotherapy 

with radiation alone. Panel A) Gemcitabine and RT dosing: a single 40 mg/kg dose of 

gemcitabine and a single 6 Gy dose of RT, was administered on day 19 post tumor cell injection. 

ER-8806046 was administered daily in an amount of 150 mg/kg from day 19 post tumor cell 

injection until the end of the study. Panel B) Gemcitabine and RT dosing: a single 40 mg/kg 

dose of gemcitabine and a single 6 Gy dose of RT, was administered on day 12 post tumor cell 

injection. ER-8806046 was administered daily in an amount of 150 mg/kg from day 12 post 

tumor cell injection until the end of the study. Average tumor sizes of mouse pancreatic PANO2 

tumor-bearing mice that received vehicles, ER-886046, gemcitabine (gem) plus radiation (RT), 

ER-886046 plus RT, or ER-886046 plus gemcitabine and RT at indicated dosages and schedules. 

A and B represent each independent study. N= 8-10 per group. NS, not significant; *, p< 0.05; 

**,p< 0.01; ***,p < 0.001; and ****,p< 0.0001, two-way ANOVA test. 

5 



WO 2015/179615 	 PCT/US2015/031931 

DETAILED DESCRIPTION OF EMBODIMENTS 

"EP4 antagonist" refers to a compound which inhibits or blocks the cellular signaling 

triggered by the interaction of PGE2 with the EP4 receptor. Examples of EP4 antagonists 

include, but are not limited to, ER-819762, MK-2894, MF 498, ONO-AE3-208, evatanepag, 

ONO-AE2-227, CJ-042794, EP4A, BGC201531, CJ-023423, ONO-AE3-240, GW 627368 and 

AH23848, such as are listed in the IUPHAR database as antagonists of the EP4 receptor. Further 

examples include, but are not limited to, compounds of Formula (I) as taught herein, including 

ER-885290, ER-885740, ER-885741, ER-886045, ER-886046 (E7046), ER-886074, ER-

885290, ER-885740 and ER-885741, which are described in WO 2012/039972. 

"CTLA4 antibody" or "anti-CTLA4" refers to an antibody or antibodies directed towards 

cytotoxic t-lymphocyte antigen 4 (CTLA4). Exemplary antibodies include, but are not limited to, 

antibodies that are CTLA4 antagonists or the CTLA4 antibodies as set forth in U.S. Patent Nos. 

8,685,394 and 8,709,417. Some embodiments of the antibody include MDX-010 (ipilimumab, 

Bristol-Myers Squibb) and CP-675,206 (tremelimumab, Pfizer). In a particular embodiment, the 

antibody is ipilimumab. 

"PDL1 antibody" or "anti-PDL1" refers to an antibody directed towards programmed 

death ligand 1 (PDL1). Exemplary antibodies include, but are not limited to, the antibodies set 

forth in U.S. Patent Nos. 8,217,149, 8,383,796, 8,552,154 and 8,617,546. In a particular 

embodiment, the antibody is MPDL3280A (Roche). 

"PD1 antibody" or "anti-PD1" refers to an antibody directed towards programmed death 

protein 1 (PD1). Exemplary antibodies include, but are not limited to, the antibodies set forth in 

U.S. Patent Nos. 7,029,674, 7,488,802, 7,521,051, 8,008,449, 8,354,509, 8,617,546 and 

8,709,417. Particular embodiments of the antibody include MDX-1106 (nivolumab, Bristol-

Myers Squibb), labrolizumab (Merck), and pembrolizumab (KEYTRUDA®, Merck). 

"Treatment," "treat," and "treating" refer to alleviating, inhibiting and/or reversing the 

progress of a cancer in a subject in need thereof The term "treating" is inclusive of any indicia 

of success in the treatment or amelioration of the cancer, including any objective or subjective 

parameter such as abatement; remission; diminishing of symptoms or making the injury, 

pathology or condition more tolerable to the subject; delaying or slowing in the rate of 

progression, etc. Measurement of the treatment or amelioration may be based on, e.g., the results 

of a physical examination, a pathological test and/or a diagnostic test as known in the art. 

6 



WO 2015/179615 	 PCT/US2015/031931 

Treating may also refer to reducing the incidence or onset of a cancer, or a recurrence 

thereof (such as a lengthening in time of remission), as compared to that which would occur in 

the absence of the measure taken. 

"Effective amount" or "treatment-effective amount" refers to an amount that is effective 

for treating a cancer as noted through clinical testing and evaluation, patient observation, and/or 

the like. An "effective amount" can further designate an amount that causes a detectable change 

in biological or chemical activity. The detectable changes may be detected and/or further 

quantified by one skilled in the art for the relevant mechanism or process. Moreover, an 

"effective amount" can designate an amount that maintains a desired physiological state, i.e., 

reduces or prevents significant decline and/or promotes improvement in the condition. An 

"effective amount" can further refer to a therapeutically effective amount. 

"Subject" as used herein refers a mammalian subject, and particularly a human subject, 

including a male or female subject, and including a neonatal, infant, juvenile, adolescent, adult 

or geriatric subject, and further is inclusive of various races and ethnicities. 

As used herein, the term "a pharmaceutically acceptable salt" refers to a relatively non-

toxic, inorganic or organic acid salt of a compound of the invention. These salts may be prepared 

in situ during the final isolation and purification of the compounds or by reacting the purified 

compound in its free form separately with a suitable organic or inorganic acid and isolating the 

salt thus formed. Representative acid salts include, but are not limited to, acetate, adipate, 

aspartate, benzoate, besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, 

citrate, cyclamate, edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate, 

hexafluorophosphate, 	hibenzate, 	hydrochloride/chloride, 	hydrobromide/bromide, 

hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate, methylsulphate, 

naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, 

phosphate/hydrogen phosphate/dihydrogen phosphate, pyroglutamate, saccharate, stearate, 

succinate, tannate, tartrate, tosylate, trifluoroacetate and xinafoate salts. In one embodiment, the 

pharmaceutically acceptable salt is a hydrochloride/chloride salt. 

"Cancer" as used herein may include cancers that are the result of genetically inherited 

mutations. Examples of such cancers include, but are not limited to, breast cancers, cancers 

which can be related to Li-Fraumeni syndrome, for example, childhood sarcomas, leukemias and 

brain cancers, cancers which can be related to Lynch syndrome, for example, colon cancers, bile 

duct cancers, brain cancers, endometrial cancers, kidney cancers, ovarian cancers, pancreatic 

cancers, small intestinal cancers, stomach cancers and ureter cancers, lung cancers, melanomas, 

prostate cancers, retinoblastomas, thyroid cancers and uterine cancers. 
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Moreover, cancer can be the result of acquired mutations, for example, mutations 

resulting from diet, environment and/or lifestyle, or somatic mutations. Examples of such 

cancers may include, but are not limited to, adrenal cancer, adrenal cortex cancer, bladder 

cancer, brain cancer, primary brain cancer, glioma, glioblastoma, breast cancer, cervical cancer, 

colon cancer (non-limiting examples include colorectal carcinomas such as colon 

adenocarcinoma and colon adoma), endometrial cancer, epidermal cancer, esophageal cancer, 

gall bladder cancer, genitourinary cancer, head or neck cancer, kidney cancer, liver cancer, lung 

cancer (non-limiting examples include adenocarcinoma, small cell lung cancer and non-small 

cell lung cancer), lymphomas (non-limiting examples include B-cell lymphoma, T-cell 

lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma), melanoma, malignant melanoma, 

malignant carcinoid carcinoma, malignant pancreatic insulinoma, myeloma, multiple myeloma, 

ovarian cancer, pancreatic cancer (such as exocrine pancreatic carcinoma), prostate cancer, renal 

cell cancer, skin cancer, such as, in addition to others previously mentioned, squamous cell 

carcinoma, stomach cancer, testicular cancer, thyroid cancer, thyroid follicular cancer, Wilms' 

tumor, choriocarcinoma, mycosis fungoides, malignant hypercalcemia, cervical hyperplasia, 

leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia, hairy cell lymphoma, 

Burkett's lymphoma, acute myelogenous leukemia, chronic myelogenous leukemia, 

myelodysplastic syndrome, promyelocytic leukemia, chronic granulocytic leukemia, acute 

granulocytic leukemia, fibrosarcoma, habdomyosarcoma, astrocytoma, neuroblastoma, 

rhabdomyosarcoma, schwannoma, Kaposi's sarcoma, polycythemia vera, essential 

thrombocytosis, Hodgkin's disease, non-Hodgkin's lymphoma, soft-tissue sarcoma, osteogenic 

sarcoma, primary macroglobulinemia, seminoma, teratocarcinoma, osteosarcoma, xenoderoma 

pigmentoum, keratoctanthoma and retinoblastoma. 

"Metastatic cancer" refers to a cancer in which cancerous cells from an organ or body 

part has spread (through "metastasis") to another, non-adjacent organ or body part. The cancer at 

the non-adjacent organ or body part ("secondary tumor" or "metastatic tumor") includes 

cancerous cells originating from the organ or body part from which the cancer or cancerous cells 

has spread. Sites in which the secondary tumor may occur include, but are not limited to, lymph 

nodes, the lungs, liver, brain and/or bones. 

In some embodiments of the invention, the EP4 antagonist used in the methods and 

compositions taught herein is a compound of Formula (I): 
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R7 

COOH 

(I) 

wherein: 

one of Ria  and Rib is hydrogen, and the other is methyl; or Ria  and Rib are taken together 

to form a cyclopropyl ring; 

R2 is methyl or fluoromethyl; 

R3 is methyl; 

R4 is hydrogen, halo, methyl, fluoromethyl, methoxy, or fluoromethoxy; 

R5 is hydrogen, halo, methyl, fluoromethyl, methoxy, or fluoromethoxy; 

R6 is hydrogen, halo, methyl, or methoxy; 

R7 is hydrogen, halo, methyl, or methoxy; and 

X is oxygen; 

or a pharmaceutically acceptable salt thereof 

Compounds of Formula (I) are known and their synthesis described in WO 2012/039972, 

the disclosures of which are incorporated by reference herein. 

Unless indicated otherwise, nomenclature used to describe chemical groups or moieties 

as used herein follow the convention where, reading the name from left to right, the point of 

attachment to the rest of the molecule is at the right-hand side of the name. For example, the 

group "methoxy" is attached to the rest of the molecule at the oxygen end. Further examples 

include methoxyethyl, where the point of attachment is at the ethyl end. 

"Fluoromethyl" as used herein refers to a methyl group substituted with one or more 

fluoro atoms (e.g., monofluoromethyl, difluoromethyl, trifluoromethyl). 

"Fluoromethoxy" as used herein, refers to an fluoromethyl group, as previously defined, 

attached to the principal carbon chain through an oxygen atom. 

In some embodiments of Formula (I), one of Ria  and Rib is hydrogen, and the other is 

methyl; R2 is methyl, difluoromethyl, or trifluoromethyl; R3 is methyl; R4 is chloro, fluoro, 

trifluoromethyl, difluoromethyl, methyl, methoxy, difluoromethoxy, or trifluoromethoxy; R5 is 

hydrogen, chloro, fluoro, methyl, or methoxy; and R6 and R7 are hydrogen. In some 
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embodiments, R5 is hydrogen. In some embodiments, R4 is selected from chloro, 

trifluoromethyl, difluoromethyl, difluoromethoxy, and trifluoromethoxy. 

In some embodiments of Formula (I), Ria  and Rib are taken together to form a 

cyclopropyl ring; R2 is methyl, trifluoromethyl, or difluoromethyl; R3 is methyl; R4 is 

trifluoromethyl, difluoromethyl, chloro, or fluoro; and R6 and R are hydrogen. 

In some embodiments, the compound of Formula (I) is: 

Me 0 Me 	 Me 

------).-N 

N‘1\1---\ 
I 	

OH 
H 	

NNE
n 

OH 	N 

	

/ 	0 	 / 	 / 

	

Me 	 Me 	 Me 
OH 

0 0 

F 

F F  

F 

F F  

or a pharmaceutically acceptable salt thereof. 

In a particular embodiment, the compound of Formula (I) is: 

10 



OH 

0 

ER-886046 (E7046) 

WO 2015/179615 	 PCT/US2015/031931 

or a pharmaceutically acceptable salt thereof. 

In some embodiments of the present invention, provided is a method of inhibiting tumor 

growth or treating cancer wherein an EP4 antagonist is administered in combination with an 

additional therapy or agent useful for inhibiting tumor growth and/or treating cancer, i.e., a 

combination therapy. 

As used herein, the administration of two or more agents/therapies (inclusive of EP4 

antagonists, radiation therapy, antibody therapy, anti-metabolite chemotherapy, or any 

combination thereof) "in combination" means that the therapies are administered closely enough 

in time that the administration of or presence of one alters the biological effects of the other. The 

therapies may be administered simultaneously (concurrently) or sequentially. 

Simultaneous administration may be carried out, e.g., by mixing two or more agents prior 

to administration, or by administering the agent/therapy at the same point in time but at different 

anatomic sites or using different routes of administration, or administered at times sufficiently 

close that the results observed are indistinguishable from those achieved when the 

agents/therapies are administered at the same point in time. For example, simultaneous 

administration of one or more agents with radiation may be carried out by administering the 

agent(s) at the same point in time as the radiation is applied, or at times sufficiently close that the 

results observed are indistinguishable from those achieved when the agent(s) and radiation are 

administered at the same point in time. 

Sequential administration may be carried out by administering the agents/therapies at 

different points in time, e.g., administering an agent/therapy at some point in time prior to or 

after administration of one or more other agents/therapies, such that the administration of the 

agents/therapies in combination enhances the therapeutic effect of cancer treatment. In some 

embodiments, an EP4 antagonist is administered at some point in time prior to the initial 
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administration of radiation therapy, antibody therapy and/or anti-metabolite chemotherapy. 

Alternatively, the radiation therapy, antibody therapy and/or anti-metabolite chemotherapy may 

be administered at some point in time prior to the administration of the EP4 antagonist, and 

optionally, administered again at some point in time after the administration of the EP4 

antagonist. 

In some embodiments, administration of the EP4 antagonist in combination with 

radiation therapy, antibody therapy and/or anti-metabolite chemotherapy results in an 

enhancement of said radiation therapy, antibody therapy and/or anti-metabolite chemotherapy 

such that, for example, a smaller dosage of the radiation, antibody therapy and/or anti-metabolite 

chemotherapy may be effective for treatment. 

In some embodiments of the invention, the treatment of cancer may comprise an 

abscopal effect and/or provide a memory immune response. 

An "abscopal" effect is a phenomenon in the treatment of a metastatic cancer in which 

localized treatment of a particular tumor or cancer with, for example, radiation therapy, results in 

the shrinking and disappearance of non-localized disease, tumors or cancer, such as those 

resulting from metastasis that are distant from the site of localized treatment, thus leading to the 

disappearance of disease, tumors or cancer throughout the subject or patient. An abscopic effect 

differs from effects that may occur on tissues adjacent to the localized treatment, such as, for 

example, bystander effects that may result from radiation therapy. 

A "memory immune response" results when the provided treatment for cancer facilitates 

the adaptation of the immune system and the immune response of the subject or patient in its 

ability to slow, reduce or prevent the return or the recurrence, e.g., lengthening the time of 

remission, of the disease, tumor or cancer being treated in the subject or patient. In some 

embodiments, the memory immune response may slow, reduce or prevent the development of 

tumors or cancers that are different than the cancer being treated, e.g., through epitope 

spreading. 

The EP4 antagonist, antibody and/or anti-metabolite as used herein may be formulated 

for administration in a pharmaceutical carrier in accordance with known techniques. See, for 

example, Remington, The Science and Practice of Pharmacy (9th Ed. 1995). In the manufacture 

of a pharmaceutical formulation according to the invention, the active compound (including the 

physiologically acceptable salts thereof) is typically admixed with, inter alia, an acceptable 

carrier. The carrier must, of course, be acceptable in the sense of being compatible with any 

other ingredients in the formulation and must not be deleterious to the patient. The carrier may 

be a solid or a liquid, or both, and is preferably formulated with the compound as a unit-dose 
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formulation, for example, a tablet, which may contain from 0.01 or 0.5% to 95% or 99% by 

weight of the active compound. One or more active compounds may be incorporated in the 

formulations of the invention, which may be prepared by any of the well known techniques of 

pharmacy comprising admixing the components, optionally including one or more accessory 

ingredients and/or excipients. In some embodiments, any of the composition(s), carrier(s), 

accessory ingredient(s) excipient(s) and/or the formulation(s) of the invention comprise 

ingredients that are from either natural or non-natural sources. In other embodiments, any 

component of the composition(s), carrier(s), accessory ingredient(s), excipient(s) and/or the 

formulation(s) of the invention may be provided in a sterile form. Non-limiting examples of a 

sterile carrier include endotoxin-free water or pyrogen-free water. 

The EP4 antagonist, antibody and/or anti-metabolite can be administered to subjects by 

any suitable route, including orally (inclusive of administration via the oral cavity and further 

including administration via an orogastric feeding tube), intraperitoneally, parenterally, by 

inhalation spray, topically (i.e., both skin and mucosal surfaces, including airway surfaces), 

transdermally, rectally, nasally (including a nasogastric feeding tube), sublingually, buccally, 

vaginally or via an implanted reservoir. The term "parenteral" as used herein includes 

subcutaneous, intramuscular, intradermal, intravenous, intra-articular, intra-synovial, 

intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion 

techniques. In a particular embodiment, the EP4 antagonist, antibody and/or anti-metabolite is 

administered orally. In another particular embodiment, the EP4 antagonist, antibody and/or anti-

metabolite is administered intravenously. 

In some embodiments, the amount of the EP4 antagonist, antibody and/or anti-metabolite 

that may be combined with the excipient materials to produce a composition in a single dosage 

form will vary depending upon the host treated, and the particular route of administration. 

In some embodiments, the EP4 antagonist, antibody and/or anti-metabolite is provided as 

part of a sterile composition/formulation comprising the EP4 antagonist, antibody and/or anti-

metabolite and an acceptable carrier and/or excipient. 

In some embodiments, the EP4 antagonist is administered to the subject in an effective 

amount. An effective amount is generally 0.01 mg/kg to 500 mg/kg body weight per day. In 

some embodiments, the pharmaceutically acceptable compositions may be formulated so that a 

dosage of from 0.01 mg/kg to 200 mg/kg or from 0.01 mg/kg to 100 mg/kg body weight per day 

of the compound can be administered to a patient receiving these compositions (e.g., based on a 

75 kg human, a dosage of from 0.75 mg to 7.5 g or 15 g). In certain embodiments, the 
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compositions of the present invention are formulated to provide a dosage of from 0.01 mg/kg to 

70 mg/kg (e.g., based on a 75 kg human, a dosage of from 0.75 mg to 5.25 g). 

In some embodiments, the effective dose of the EP4 antagonist is from about 0.5 to about 

250 mg/kg, 1 to about 250 mg/kg, from about 2 to about 200 mg/kg, from about 3 to about 120 

mg/kg, from about 5 to about 250 mg/kg, from about 10 to about 200 mg/kg, or from about 20 to 

about 120 mg/kg. In some embodiments, effective dosages include about 0.5 mg/kg, 1 mg/kg, 2 

mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, 8 mg/kg, 10 mg/kg, 20 mg/kg, 25 mg/kg, 40 

mg/kg, 50 mg/kg, 60mg/kg, 75 mg/kg, 100 mg/kg, 120 mg/kg, 150 mg/kg, 175 mg/kg, 200 

mg/kg, 225 mg/kg, 250 mg/kg, and 300 mg/kg. Dosage forms can be in the form, e.g., of tablets 

or capsules, and the effective dose may be provided in one or more tablets, capsules or the like, 

and be provided once a day or throughout the day at intervals, e.g., of 4, 8 or 12 hours. Tablets 

or capsules, for example, could contain, e.g., 10, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 

450, 500, 600, 700, 800, 900, 1,000, 1,100, or 1,250 mg of compound. For example, 

administration to a human subject of the EP4 antagonist in some embodiments may comprise a 

daily dosage of the EP4 antagonist in the range of 100-1,250, 150-1,000, 200-800, or 250-750 

mg, which daily dosage can be administered either once a day in its entirety or fractions of 

which are administered throughout the day in intervals. Liquid formulations can also be prepared 

so that any dosage may readily and conveniently be dispensed. 

The antibody, e.g., anti-CTLA4, anti-PDL1 or anti-PD1, will generally be mixed, prior to 

administration, with a non-toxic, pharmaceutically acceptable carrier substance (e.g., normal 

saline or phosphate-buffered saline), and may be administered using any medically appropriate 

procedure, for example, including but not limited to, intravenous or intra-arterial administration, 

and injection into the cerebrospinal fluid. In certain cases, intraperitoneal intradermal, 

intracavity, intrathecal or direct administration to a tumor or to an artery supplying the tumor 

may be advantageous. 

In some embodiments, the effective dose of the antibody is from about 5 to about 250 

mg/kg, from about 10 to about 200 mg/kg, or from about 20 to about 120 mg/kg. In some 

embodiments, effective dosages include 5 mg/kg, 10 mg/kg, 20 mg/kg, 25 mg/kg, 40 mg/kg, 50 

mg/kg, 60mg/kg, 75 mg/kg, 100 mg/kg, 120 mg/kg, 150 mg/kg, 175 mg/kg, 200 mg/kg, 225 

mg/kg, 250 mg/kg, and 300 mg/kg. Dosage forms can be in the form, e.g., of tablets or capsules, 

and the effective dose may be provided in one or more tablets, capsules or the like, and be 

provided once a day or throughout the day at intervals, e.g., of 4, 8 or 12 hours. Tablets or 

capsules, for example, could contain, e.g., 10, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 
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500, 600, 700, 800, 900, or 1,000 mg of antibody. Liquid formulations can also be prepared so 

that any dosage may readily and conveniently be dispensed. 

In some embodiments, the antibody is administered to the subject in an effective amount. 

An effective amount is generally 0.01 mg/kg to 500 mg/kg body weight per day. In some 

embodiments, the pharmaceutically acceptable compositions may be formulated so that a dosage 

of from 0.01 mg/kg to 200 mg/kg or from 0.01 mg/kg to 100 mg/kg body weight per day of the 

compound can be administered to a patient receiving these compositions (e.g., based on a 75 kg 

human, a dosage of from 0.75 mg to 7.5 g or 15 g). In certain embodiments, the compositions of 

the present invention are formulated to provide a dosage of from 0.01 mg/kg to 70 mg/kg (e.g., 

based on a 75 kg human, a dosage of from 0.75 mg to 5.25 g). 

An effective amount of the antibody may be, for example, 0.05 mg/kg, 0.1 mg/kg, 1 

mg/kg, 2 mg/kg, 3mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, 7 mg/kg or 8 mg/kg per dose (e.g., based 

on a 75 kg human, a dosage of from 3.75 mg to 600 mg). 

The dosage of the antibody may be administered once, twice, three times, four times, five 

times or more per week, once every week, once every two weeks, or even once every three 

weeks during the course of treatment. The timing of the dosing may be daily, once every two 

days, once every three days, once every four days, once every five days, weekly, once every two 

weeks or once every three weeks. Formulations comprising the antibody may be prepared so that 

any dosage may readily and conveniently be dispensed. 

"Radiation therapy" refers to the medical use of ionizing radiation, particularly for the 

treatment of cancer. Preferably, the medical use of ionizing radiation in the treatment of cancer 

results in the reduction of and/or killing of cancer cells in the subject. 

Radiation therapy may be administered by any manner that would be understood by one 

of skill in the art. Examples of radiation utilized in radiation therapy include, but are not limited 

to, photon, ionizing or charged particle radiation, such as X-rays or protons. Examples of 

radiation therapy include, but are not limited to: external beam radiation therapy or teletherapy; 

brachytherapy or sealed beam source therapy; and systemic radioisotope therapy or unsealed 

source radiotherapy. 

The dosage of radiation administered may vary depending upon the target cancer or 

tumor. In some embodiments, dosages of radiation may be 80 grays (Gy), 60 Gy, 40 Gy, 20 Gy, 

12 Gy, 10 Gy, 9 Gy, 8 Gy, 7 Gy, 6 Gy, 5 Gy, 4 Gy, 3 Gy, 2 Gy or 1 Gy, including any amount in 

between those indicated, and/or ranges thereof. In some embodiments, the dosage is 12 Gy, 9 

Gy, 6 Gy or 3 Gy. The dosage of radiation may be administered once, twice, three times, four 
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times, five times or more per week, for one, two, three, four or five weeks or more during the 

course of treatment. 

In some embodiments, the anti-metabolite is administered to the subject in an effective 

amount. An effective amount is generally 0.01 mg/kg to 500 mg/kg body weight per day. In 

some embodiments, the pharmaceutically acceptable compositions may be formulated so that a 

dosage of from 0.01 mg/kg to 200 mg/kg or from 0.01 mg/kg to 100 mg/kg body weight can be 

administered to a patient receiving these compositions (e.g., based on a 75 kg human, a dosage 

of from 0.75 mg to 7.5 g or 15 g). In certain embodiments, the compositions of the present 

invention are formulated to provide a dosage of from 0.01 mg/kg to 70 mg/kg (e.g., based on a 

75 kg human, a dosage of from 0.75 mg to 5.25 g). 

In some embodiments, the effective dose of the anti-metabolite is from about 0.5 to about 

250 mg/kg, 1 to about 200 mg/kg, from about 2 to about 175 mg/kg, from about 3 to about 150 

mg/kg, from about 5 to about 125 mg/kg, from about 10 to about 100 mg/kg, or from about 20 to 

about 80 mg/kg. In some embodiments, effective dosages include about 0 5 mg/kg, 1 mg/kg, 2 

mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, 8 mg/kg, 10 mg/kg, 20 mg/kg, 25 mg/kg, 40 

mg/kg, 50 mg/kg, 60mg/kg, 75 mg/kg, 100 mg/kg, 120 mg/kg, 150 mg/kg, 175 mg/kg, 200 

mg/kg, 225 mg/kg, 250 mg/kg, and 300 mg/kg. Dosages may be provided, e.g., in a liquid form 

suitable for parenteral administration (e.g., intravenous), or a form suitable for oral 

administration, e.g., tablets or capsules, and the effective dose may be provided in one or more 

tablets, capsules or the like. In some embodiments, the anti-metabolite is administered 

simultaneously with radiation. 

The terms "antibody" and "antibodies" as used herein is inclusive of all types of 

immunoglobulins, including IgG, IgM, IgA, IgD, and IgE, or fragments thereof, that may be 

appropriate for the medical uses disclosed herein. The antibodies may be monoclonal or 

polyclonal and may be of any species of origin, including, for example, mouse, rat, rabbit, horse, 

or human. Antibody fragments that retain specific binding to the protein or epitope, for example, 

CTLA4, PDL1 or PD1, bound by the antibody used in the present invention are included within 

the scope of the term "antibody." Such fragments can be produced by known techniques. The 

antibodies may be chimeric or humanized, particularly when they are used for therapeutic 

purposes. The antibody may be obtained or prepared using methods known in the art. 

"Antibody therapy" refers to the medical use of antibodies that bind a target cell or 

protein to treat cancer and/or stimulate an immune response in a subject that results in the 

recognition, attack and/or destruction of cancerous cells in the subject, and in some 

embodiments of the invention, to activate or stimulate a memory immune response in a subject 

16 



WO 2015/179615 	 PCT/US2015/031931 

that results in the subsequent recognition, attack and/or destruction of cancerous cells in the 

subject. 

"CTLA4 antibody therapy" refers to the use of antibodies directed toward cytotoxic t-

lymphocyte antigen 4 (anti-CTLA4) in modulating an immune response in a subject. In some 

embodiments, the CTLA4 antibody inhibits or blocks the action of CTLA4 signaling that results 

in the inhibition of T-cell activation in the attack and destruction of cancer cells. Suitable 

antibodies for this use include, but are not limited to, antibodies that are CTLA4 antagonists or 

the CTLA4 antibodies as set forth in U.S. Patent Nos. 8,685,394 and 8,709,417. Some 

embodiments of the antibody include MDX-010 (ipilimumab, Bristol-Myers Squibb) and CP-

675,206 (tremelimumab, Pfizer). In a particular embodiment, the antibody is ipilimumab. 

"PDL1 antibody therapy" refers to the use of antibodies directed toward programmed 

death ligand 1 (anti-PDL1) in modulating an immune response in a subject. In some 

embodiments, the PDL1 antibody inhibits or blocks the interaction of PDL1 with programmed 

cell death protein 1 (PD1), wherein the blockage of the interaction between PDL1 and PD1 

inhibits the negative regulation of T-cell activation by PD1 to attack and destroy cancer cells. 

Suitable antibodies for this use include, but are not limited to, the antibodies set forth in U.S. 

Patent Nos. 8,217,149, 8,383,796, 8,552,154 and 8,617,546. In a particular embodiment, the 

antibody is MPDL3280A (Roche). 

"PD1 antibody therapy" refers to the use of antibodies directed toward programmed cell 

death protein 1 PD1 (anti-PD1) in modulating an immune response in a subject. In some 

embodiments, the PD1 antibody inhibits or blocks the interaction of PD1 with PDL1, wherein 

the inhibition or blockage of the interaction between PDL1 and PD1 inhibits the negative 

regulation of T-cell activation by PD1 to attack and destroy cancer cells. Suitable antibodies for 

this use include, but are not limited to, the antibodies set forth in U.S. Patent Nos. 7,029,674, 

7,488,802, 7,521,051, 8,008,449, 8,354,509, 8,617,546 and 8,709,417. Particular embodiments 

of the antibody include MDX-1106 (nivolumab, Bristol-Myers Squibb), labrolizumab (Merck), 

and pembrolizumab (KEYTRUDA®, Merck). 

"Anti-metabolite chemotherapy" refers to the use of an anti-metabolite chemotherapeutic 

in the treatment of a subject. "Anti-metabolite" refers to a group of molecules that impede DNA 

and RNA synthesis. Examples of anti-metabolites include, but are not limited to, anti-folates, 

fluoropyrimidines, deoxynucleoside analogues and thiopurines. Anti-folates include 

methotrexate and pemetrexed. Fluoropyrimidines include fluorouracil and capecitabine. 

Deoxynucleoside analogues include cytarabine, gemcitabine, decitabine, 5-azacytidine 

(VIDAZA), fludarabine, nelarabine, cladribine, clofarabine and pentostatin. Thiopurines include 
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thioguanine and mercaptopurine. In one embodiment, the anti-metabolite is gemcitabine. In 

another embodiment, the anti-metabolite is capecitebine. 

In order that the invention described herein may be more fully understood, the following 

examples are set forth. It should be understood that these examples are for illustrative purposes 

only and are not to be construed as limiting this invention in any manner. 

EXAMPLES 

EXAMPLE 1: COMBINATION THERAPY OF 

ER-886046 WITH RADIATION OR ANTIBODIES 

MATERIALS AND METHODS 

Reagents and Instruments: ER-886046 was generated by Eisai Inc. (Andover, MA). The 

in vivo ready antibody against CTLA4 (clone 9H10) and its isotype control were obtained from 

BioXCell (Wester Lebanon, NH); the antibody against PDL1 (clone 10f.9G2) and its control 

(clone LTF-2) were obtained from TONBO Bioscience (San Diego, CA); and the antibody 

against mouse PD1 (clone RMP1-14) and its isotype control were obtained from BioXcell 

(Wester Lebanon, NH). Methyl cellulose and collagenase I was purchased from Sigma. 

Fluorescence-labeled antibodies for mouse CD45 (clone 30-F11), CD8 (clone 53-6.7), CD11 b 

(clone M1/70), Grl (clone RB6-8C5) were obtained from eBioscience (San Diego, CA). A 

biological irradiator X-RAD 320 from Precision X-Ray was used for animal tumor radiation. 

Flow cytometric analysis was conducted using a 6-color BD Canto-1 flow cytometic machine 

(BD Biosciences) equipped with software FlowJo version 7.6. The IVIS spectrum was 

purchased from Perkin Elmer equipped with software of Living Image version 4.3.1. 

Cell lines: Mouse colon CT26 cells (CRL-2638), melanoma Bl6F10 cells (CRL-6475) 

and breast 4T1 cells (CRL-2539) were purchased from American Tissue Culture Collection. 

Luciferase-expressing 4T1 cells (4T1-luc2) were obtained from Perkin Elmer. All cells were 

cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum in a humidified 

incubator at 37°C in a 5% carbon dioxide atmosphere and sub-cultured twice weekly until the 

necessary number of cells for inoculation of mice was obtained. 

Animals: Ba1B/c and C57BL/6 female mice at 4-6 weeks in age were purchased from 

Charles River Laboratories. The animals were housed in microisolator cages, up to five per cage 

with a 12 h light/dark cycle. Cages were changed twice weekly. The animals were observed 

daily and clinical signs were noted. All experimental procedures were approved by the animal 
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laboratories of Eisai Inc., or of Southern Research Institute, which are each AAALAC 

accredited. 

Animal studies: In vitro cultured cancer cells were harvested and suspended in 100 11,1 of 

phosphate buffered saline at a cell concentration of 1.0 x 105  cells/ml and subcutaneously (sc) 

injected into the mice using a 26g syringe on day 0. At the days post cell implantation as 

indicated in the figures, the mice were radomized based on the tumor size followed by 

treatments with radiation at 3 or 9 Gy dose per treatment, anti-PDL1 at 200 µg/mouse per 

intraperitoneal injection (ip), or anti-CTLA4 at 200 or 100 µg/mouse per ip injection with or 

without orally administration of ER-886046 at a dose of 150 mg/kg. The animals that were 

assigned to the treatment groups in individual study had close mean tumor weights in all groups. 

The tumor sizes were measured twice a week by a digital caliper (Mitutoyo Corp), and the 

volume was calculated using the formula (1 x w2)/2 = mm3, where 1 and w refer to the larger and 

smaller perpendicular dimensions collected at each measurement. Graphs of group tumor sizes 

(mean ± SEM) and body weights (mean ± SEM) versus time were plotted using software 

GraphPad Prism 6 (Lake Forest, CA). Student t- test and Gehan-Breslow-Wilcoxon test were 

used for statistical analysis. 

In case of tumor rechallenge of tumor-free mice after treatments, CT26 cells and 4T1 

cells were individually sc injected into the different flanks of the same mouse, and the growth of 

each tumor was measured and graphed as described above. Naive mice that received neither 

cancer cell injection nor drug treatment were included as controls. In the lung metastasis of 4T1-

luc2 model, the cells were inoculated and the tumor-bearing mice were radomized on day-10 

based on the size of primary tumors. At the end of study on day 27, the mice in all treatment 

groups were intranasally administered luciferin and the lungs were resected and analysed for 

luciferase expression using IVIS instrument. Quantification of the luciferase activity in the lungs 

was achieved by software Living Image. 

Flow cytometry: CT26 tumors with or without treatments received were surgically 

resected and minced by physical pressure, followed by digestion with collagenase I at 1 mg/ml 

at 37 °C for 1 h. The single cell mixtures from the digestion were labelled by incubation with 

fluorescent antibodies against immune cell antigens and analysed by flow cytometry. Cell 

population calculation was performed by software FlowJo 7.6. 
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RESULTS 

Improved anti-tumor activity by combination therapy of ER-886046 and radiation 

compared to radiation alone. To investigate whether treatment with ER-886046 enhances the 

anti-tumor effect of radiation, CT26 tumors that were grown subcutaneously in mice were 

treated with local radiation at a dose of 9 Gy on day-9 after tumor implantation followed by a 

daily oral administration of ER-886046 for a period of 4 weeks. Figure 1, Panel A shows the 

average tumor sizes of the treatment groups. Radiation alone showed significant tumor growth 

inhibition in the period of days 9-32, followed by a rapid tumor regrowth compared with control 

group. In contrast, treatment with ER-886046 and radiation produced sustained tumor growth 

inhibition until the end of the study on day 49, where no significant tumor growth was noticed in 

comparison with the tumor size before the treatments. The anti-tumor activity of the 

combination group was statistically significantly improved as compared to the radiation alone. 

Addition of ER-886046 to the treatment regime did not impact the gross health and animal body 

weight as compared to the radiation alone (Figure 1, Panel B). 

By comparing growth curves of the individual tumors of the treatment groups (Figure 2, 

Panels A—C), it was found that combination of ER-886046 and radiation resulted in cure in 9 out 

of 12 mice, and only 1 out of 12 tumors had fast progression. In contrast, only 5 out of 11 mice 

were tumor-free at the end of study by radiation treatment alone. Furthermore, combination of a 

low dose of single radiation at 3 Gy with ER-886046 significantly increased the animal survival 

compared with either vehicle treatment or radiation treatment alone (Figure 3). Taking these 

results together, addition of oral administration of ER-886046 to the radiation treatment 

significantly enhanced the anti-tumor activity of radiation at both high and low doses in the 

preclinical animal model. 

Cured mice after combination treatment with ER-886046 and radiation had a memory 

anti-tumor immune response. The 9 tumor-free mice from the above study were followed for an 

additional 2 months, at which time there was still no tumor recurrence. To test whether these 

tumor-free mice from the combination treatment had a memory immune response to the tumors 

that were rejected, the same CT26 cell line was injected at another site of the mice and the tumor 

growth was monitored for the following 1.5 months. Strikingly, all of the mice that received 

challenge did not grow tumors at all. In contrast, injection of the same amount of CT26 cells in 

the age-matched animals produced fast-growing tumors (Figure 4, Panel A). Moreover, 

secondary challenge of CT26 cells 1.5 months after the first challenge, again, did not produce 

detectable tumor in the cured mice (Figure 4, Panel B). Interestingly, injection of another, very 

different tumor cell line, 4T1, to the cured mice showed no rejection of the tumor, but the 
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growth rate was significantly reduced compared to the control group (Figure 4, Panel C). These 

results clearly indicated that the cured mice by the combination treatment of ER-886046 and 

radiation had generated a tumor antigen specific memory immune response. The growth 

inhibition of 4T1 tumors in the cured mice indicates the existence of an epitope spreading effect 

in the cured mice, which is a very favorable effect for tumor patients. 

Abscopic effect of the combination treatment of ER-886046 and radiation in an animal 

model. Induction of anti-tumor immune response can be systemic and thus highly valuable for 

treating metastatic cancer, which has multiple lesions in one host. To mimic the large metastatic 

lesions in mice, we simultaneously grew CT26 tumors on both sides of an individual mouse by 

subcutaneously injecting cancer cells. The tumors on the right side of the mice were treated with 

both radiation and ER-886046. The tumors on the left side of the mice received ER-886046 

only. Measurements of the tumors on the right side of the mice that received both radiation and 

ER-886046 showed better tumor growth suppression compared with those that received 

radiation alone or ER-886046 alone (Figure 5, Panel A). Moreover, tumors on the left side of the 

mice, that received no radiation and only ER-886046, showed a significantly reduced tumor 

growth rate compared with those receiving no ER-886046 treatment (Figure 5, Panel B). These 

results demonstrated that the combination of local radiation and systemic ER-886046 

administration inhibited the growth of a tumor that was not radiated, and thus indicating an 

abscopic effect on the growth of metastatic tumors. 

Anti-spontaneous metastatic effect of ER-886046 and radiation combination therapy. 

To test whether combination of ER-886046 and radiation has an anti-metastasis effect, 

luciferase-expressing mouse breast 4T1-luc2 tumors were grown subcutaneously in Ba1B/c mice. 

The primary tumors were treated with vehicle, ER-886046, single radiation at 9 Gy, and 

combination of ER-886046 and radiation. Treatment on radiation was given on day-9, and ER-

886046 was orally administered daily from days 9-27. At day 27, the mice in all treatment 

groups were intranasally administered luciferin and the lungs were resected and analyzed for 

luciferase expression. Quantification of the luciferase expression showed a significant reduction 

in the combination treatment only (Figure 6, Panel A, Panel B) indicating of a reduced 

spontaneous lung metastasis. 

Altered intratumoral immune cell infiltration by combination treatment of ER-886046 

and radiation. To investigate the impact of the combination treatment of ER-886046 and 

radiation in intratumoral immunity, immune cells in the CT26 tumors that received combination 

treatment or radiation alone were analyzed by flow cytometry. Radiation alone significantly 

increased the tumor infiltration frequency of both CD8+  T cells and CD11b+  myeloid cells, and 
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addition of ER-886046 to radiation had no additional significant effect in the frequency of both 

cell types. On the other hand, only the combination treatment reduced the ratio of Gr1+  cells 

among CD45+CD1 1 b+  cells, indicating a reduced frequency of the myeloid derived suppressor 

cells by a combined treatment of ER-886046 and radiation compared with those of vehicle or 

radiation alone. 

Synergistic anti-tumor activity of ER-886046 and anti-CTLA4 in a preclinical model. 

Anti-CTLA4 (Ipilimumab) is now an approved immune therapy for metastatic melanoma, which 

blocks CTLA4 signaling in immune cells, especially the T cells. To investigate whether 

treatment with ER-886046 influences the anti-tumor activity of anti-CTLA4, we tested the 

effects of combination therapy of ER-886046 and anti-CTLA4 in a mouse melanoma B 16F10 

model. As shown in Figure 8, Panel A, ER-886046 alone had minimal activity in this model, and 

anti-CTLA4 alone showed some but non-statistically significant activity. However, combination 

of ER-886046 and anti-CTLA4 treatment showed a highly significant anti-tumor activity. No 

animal body weight loss was observed for the combination therapy treatments. The results 

indicated a synergistic anti-tumor activity for the combination of ER-886046 and anti-CTLA4 

therapy in the preclinical model. 

ER-886046 enhanced efficacy of anti-PD1 and anti-PDL1 cancer immune therapies in 

a preclinical model. Anti-PD1 and anti-PDL 1 are currently in clinical trials for potential cancer 

immune therapeutic use. To explore potential combination effect of ER-886046 with either 

agent, we tested the combination therapies in CT-26 tumor model. Anti-PDL1 showed some but 

non-significant anti-tumor growth activity (Figure 9, Panel A), while anti-PD1 displayed 

significant activity by itself (Figure 9, Panel B). In both situations, addition of ER-886046 

produced better anti-tumor activity compared to anti-PD1 or anti-PDL1 alone indicates a benefit 

of having the combination of ER-886046 and these antibody-based immune therapies for cancer 

management. 

CONCLUSION 

Combination of ER-886046 with radiation, anti-CTLA4, anti-PDL1, or anti-PD1 had 

significant anti-tumor activity in preclinical animal models. Inclusion of ER-886046 in the 

combination treatments enhanced the tumor growth suppression and even tumor rejection 

compared to a single agent or method alone and thus can have therapeutic use in clinic for 

treating cancer patients. 
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EXAMPLE 2: COMBINATION THERAPY OF ER-886046 WITH 

RADIATION AND ANTI-METABOLITE CHEMOTHERAPY 

MATERIALS AND METHODS 

Reagents and Instruments: ER-886046 (Chen et al. British J Pharmacol, (2010) 160, 

292-310), a specific prostaglandin E2 receptor 4 antagonist, was generated by Eisai Inc. 

(Andover, MA). Gemcitabine hydrochloride and methyl cellulose were purchased from Sigma 

(St Louis, MO). A biological irradiator X-RAD 320 from Precision X-Ray was used for animal 

tumor radiation. 

Cell lines and Animals: Mouse colon CT26 cells and pancreatic PANO2 cells were 

purchased from American Tissue Culture Collection and National Cancer Institute DCTD 

Repository, respectively. Cells were cultured in RPMI-1640 medium supplemented with 10% 

fetal bovine serum in a humidified incubator at 37°C in a 5% carbon dioxide atmosphere and 

sub-cultured twice weekly until the necessary number of cells for inoculation of mice was 

obtained. Ba1B/c and C57BL/6 female mice at 4-6 weeks in age were purchased from Charles 

River Laboratories. The animals were housed in microisolator cages, up to five per cage with a 

12 h light/dark cycle. Cages were changed twice weekly. The animals were observed daily and 

clinical signs were noted. All experimental procedures were approved by the Institutional 

Animal Care and Use Committee of Eisai Inc. The animal laboratories are AAALAC accredited. 

Animal studies: In vitro cultured cancer cells were harvested and suspended in 100 µl of 

cold HBSS buffer at cell concentrations of 1.0 x 106  cells/ml (CT-26 cells) or of 1.0 x 107  

cells/ml (PANO2 cells) and subcutaneously (sc) injected into the mice using a 26g syringe on 

day 0. At the dates as indicated in the figures, the mice were randomized based on the tumor size 

followed by treatments with local radiation alone, gemcitabine alone (intravenous 

administration), ER-886046 alone (oral administration), or combinations of these treatments. 

The animals that were assigned to the treatment groups in individual study had close mean tumor 

weights in all groups. The tumor sizes were measured twice a week by a digital caliber 

(Mitutoyo Corp), and the volume was calculated using the formula (1 x w2)/2 = mm3, where 1 and 

w refer to the larger and smaller perpendicular dimensions collected at each measurement. 

Graphs of group tumor sizes (mean + SEM) versus time were plotted using software GraphPad 

Prism 6 (Lake Forest, CA). Two way ANOVA was used for statistical calculation among the 

groups. N = 8-10 in each treatment group. 
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In case of animal survival comparison, a tumor-bearing animal whose tumor grew to 10 

bigger than the original tumor size before treatment was considered to have reached the end 

point and thereby removed from the study. Graphs of animal survival percentile versus time 

were plotted using GraphPad Prism 6, and Log-rank test was used for statistical calculation. 

RESULTS 

Superior anti-tumor activity by combination therapy of ER-886046 and anti-metabolite 

chemotherapy with radiation compared to anti-metabolite therapy with radiation alone. To 

evaluate whether addition of ER-886046 to anti-metabolite chemotherapy with radiation would 

improve anti-cancer activity in a preclinical animal model, multiple studies were carried out 

using murine pancreatic PANO2 tumors that grew subcutaneously in C57BL/6 mice, which 

received treatment with RT, and gemcitabine plus RT, both with or without ER-886046. In the 

first study, RT and gemcitabine were administered once on day 27 after tumor cell inoculation, 

while ER-886046 was given daily from day 27 until the end of the study. Figure 10 shows the 

average tumor sizes of the treatment groups from this study. RT plus gemcitabine exhibited a 

weak but statistically significant tumor growth delay activity. ER-886046 alone was more 

efficacious than RT plus gemcitabine. A triple combination of ER-886046, RT and gemcitabine 

produced the best anti-tumor activity among the treatment groups, and the activity was 

significantly better than that of RT plus gemcitabine alone. Importantly, there was no significant 

difference in the anti-tumor activity between the triple combination group and ER-886046 plus 

RT group, indicating that most of the anti-tumor activity of the triple combination came from 

ER-886046 and RT. 

In the second and third studies using the same PANO2 pancreatic cancer model, similar 

superior antitumor activity of the triple combination of ER-886046, RT and gemcitabine was 

observed compared to any of the single agent treatments or a combination of gemcitabine plus 

RT, as shown in Figure 11, Panels A and B. RT and gemcitabine were administered once on day 

19 (Figure 11, Panel A) or day 12 (Figure 11, Panel B), whereas ER-886046 was given daily 

from day 19 (Figure 11, Panel A) or day 12 (Figure 11, Panel B) until the end of each study. 

Notably, five of eight tumor-bearing animals were cured by the triple combination treatment at 

day 36 after tumor cell inoculation, while other treatment regimens did not produce cure (Figure 

11, Panel B). These results together revealed a synergy between ER-886046 and gemcitabine 

plus RT in containing and/or rejecting established tumors in a preclinical model. 

All the treatments in these three studies were well tolerated without any deaths or 

significant body weight loss. 
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CONCLUSION 

The data provide evidence that the combination of ER-886046 and anti-metabolite 

chemotherapy with radiation had significant anti-tumor growth activity in immunocompetent 

animal cancer models. Combination treatment of ER-886046 plus anti-metabolite chemotherapy 

with radiation significantly enhanced the anti-tumor activity compared with treatment with anti-

metabolite chemotherapy with radiation alone, and thus can have therapeutic use in the clinic for 

treating cancer. 
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WHAT IS CLAIMED IS: 

1. 	Use of an EP4 antagonist in the manufacture of a medicament for treating 

cancer in a subject in need thereof wherein the medicament is to be used in combination with 

a therapy selected from the group consisting of: radiation therapy, an antibody therapy, and 

combinations thereof; wherein the EP4 antagonist is: 

OH 

or a pharmaceutically acceptable salt thereof. 

2. 	Use of an EP4 antagonist in the manufacture of a medicament for generating a 

memory immune response against a cancer in a subject in need thereof wherein the 

medicament is to be used in combination with a therapy selected from the group consisting 

of: radiation therapy, an antibody therapy, and combinations thereof; wherein the EP4 

antagonist is: 

OH 

or a pharmaceutically- acceptable salt thereof. 

3. The use of claim 1 or 2, wherein the therapy is radiation therapy. 

4. The use of claim 1, wherein said treating comprises an abscopal effect. 

5. The use of claim 2, wherein said generating the memory immune response 

comprises an abscopal effect. 
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6. The use of claim 1 or 2, wherein the therapy is antibody therapy. 

7. The use of claim 6, wherein the antibody therapy is selected from the group 

consisting of: CTLA4 antibody therapy, PDL1 antibody therapy and PD1 antibody therapy. 

8. The use of any of claims 1-7, wherein the cancer is selected from the group 

consisting of breast cancers, cervical cancers, colorectal cancers, endometrial cancers, 

glioblastomas, head and neck cancers, kidney cancers, liver cancers, lung cancers, 

meclulloblastomas, ovarian cancers, pancreatic cancers prostate cancers, skin cancers (e.g., 

melanoma) and urinary tract cancers. 

9. The use of any of claims 1-8, wherein the cancer is metastatic cancer. 

10. The use of any of claims 2-9, wherein the memory immune response 

comprises epitope spreading. 

11. The use of any one of the preceding claims, wherein the use further comprises 

that an anti-metabolite chemotherapy is to be administered in combination with the EP4 

antagonist and said therapy. 

12. The use of claim 11, wherein the anti-metabolite is .a deoxynucleoside analog. 

13. The use of claim 12, wherein the deoxynucleoside analog is gernci abine or 

capecitabine. 

14. Use of an EP4 antagonist in the manufacture of a medicament for treating 

cancer in a subject in need thereof wherein the medicament is to be used in combination with 

an anti-metabolite chemotherapy, and wherein the EP4 antagonist is: 
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OH 

or a pharmaceutically acceptable salt thereof. 

15. The use of claim 14., wherein the anti-metabolite is a deoxynucleoside analog. 

16. The use of claim 15, wherein the deoxynucleoside analog is gemcitabine. 

17. The use of claim 15, wherein the deoxynucleoside analog is capecitabine. 

18. The use of claim 14, wherein the anti-metabolite is fluorouracil. 

19. The use of claim 11, wherein the anti-metabolite is fluorouracil. 
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