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RADIOIMMUNOCONJUGATES AND CHECKPOINT INHIBITOR 

COMBINATION THERAPY 

Related Application 5 

The present application claims priority to U.S. Provisional Patent Application No. 62/774,847 filed 

December 3, 2018, the entire contents of which are hereby incorporated by reference for all purposes. 

Background

Cancer cells employ a variety of mechanisms to escape immune surveillance, including 10 

suppression of T cell activation. 

The mammalian immune system relies on checkpoint molecules to distinguish normal cells from 

foreign cells. Checkpoint molecules, expressed on certain immune cells, need to be activated or 

inactivated to start an immune response. Inhibition of checkpoint proteins results in increased activation 

of the immune system. 15 

Checkpoint inhibition has been explored as a method of immunotherapy for cancer. Inhibiting 

checkpoint proteins may activate T-cells and allow them to attack cancer cells. However, checkpoint 

inhibition can allow the immune system to attack some normal cells in the body, which can lead to serious 

side effects. In addition, some checkpoint inhibitors have exhibited only modest efficacy in the clinic. 

There remains a need for improved treatments of cancer. In particular, there is a need for increases in 20 

efficacy, which do not enhance toxicity in the patient. 

Summary 

The present disclosure encompasses the insight that combining inhibition of checkpoint proteins 

with a therapy that targets damage to cancer cells may provide a less toxic therapy with improved 25 

efficacy. Radioactive decay can cause direct physical damage (such as single or double-stranded DNA 

breaks) or indirect damage (such as by-stander or crossfire effects) to the biomolecules that constitute a 

cell. The present disclosure combines radioimmunoconjugates targeted to cancer cells with checkpoint 

inhibition to induce or improve an immune response to a tumor. In some examples, disclosed combination 

therapies ameliorate or treat cancer. 30 

In one example, provided are methods of inducing an immune response to a tumor in a mammal, 

said methods comprising: (i) administering to the mammal a radioimmunoconjugate, wherein the mammal 

has received or is receiving one or more checkpoint inhibitors; (ii) administering to the mammal one or 

more checkpoint inhibitors, wherein the mammal has received or is receiving a radioimmunoconjugate; or 

(iii) administering the mammal one or more checkpoint inhibitors at the same time as administering the 35 

mammal a radioimmunoconjugate. 
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In one aspect, the present disclosure refers to use of a radioimmunoconjugate in the manufacture of a 

medicament for inducing an immune response to a tumor in a mammal, wherein the mammal is being co-

administered one or more checkpoint inhibitors wherein the one or more checkpoint inhibitors comprise a PD-1 

inhibitor, a CTLA-4 inhibitor, or both a PD-1 inhibitor and a CTLA-4 inhibitor, and wherein the PD-1 inhibitor is 

an antibody, and wherein the CTLA-4 inhibitor is an antibody, 5 

 wherein the radioimmunoconjugate comprises the following structure: 

, 

wherein the radioimmunoconjugate comprises a metal complex of a chelating moiety, wherein the 

metal complex comprises a radionuclide 225Ac; 

 B is a human or humanized IgG antibody or an antigen-binding fragment thereof, wherein the antibody 10 

or antigen-binding fragment thereof is an IGF-1R antibody or an antigen-binding fragment thereof or an 

endosialin (TEM-1) antibody or an antigen-binding fragment thereof, and 

wherein the radioimmunoconjugate is to be administered in a lower effective dose relative to the 

therapeutically effective dose in a subject who is not receiving the one or more checkpoint inhibitors. 

In one aspect, the present disclosure refers to use of a radioimmunoconjugate in the manufacture of a 15 

medicament for inducing an immune response to a tumor in a mammal, wherein the mammal is being co-

administered one or more checkpoint inhibitors, wherein the one or more checkpoint inhibitors comprise a PD-1 

inhibitor, a CTLA-4 inhibitor, or both a PD-1 inhibitor and a CTLA-4 inhibitor, and wherein the PD-1 inhibitor is 

an antibody, and wherein the CTLA-4 inhibitor is an antibody, 
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wherein the radioimmunoconjugate comprises the following structure: 

, 

wherein the radioimmunoconjugate comprises a metal complex of a chelating moiety, wherein the 

metal complex comprises a radionuclide 225Ac; 

 B is a human or humanized IgG antibody or an antigen-binding fragment thereof, wherein the antibody 5 

or antigen-binding fragment thereof is an IGF-1R antibody or an antigen-binding fragment thereof or an 

endosialin (TEM-1) antibody or an antigen-binding fragment thereof, and 

wherein administration results in an increase of at least 15% of the total T cell population in a sample 

from the mammal being specific for a tumor-associated antigen or tumor specific antigen expressed on the 

cancer. 10 

In some examples, said method comprises administering to a mammal one or more checkpoint 

inhibitors, wherein the mammal has received or is receiving a radioimmunoconjugate.  In some examples, the 

one or more checkpoint inhibitors is administered in a lower effective dose. In some examples, the 

radioimmunoconjugate is administered in a lower effective dose. In some examples, both the one or more 

checkpoint inhibitors and the radioimmunoconjugate are administered in lower effective doses.15 
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In some examples, the radioimmunoconjugate comprises (i) a targeting moiety, (ii) a linker, and (iii) a chelating 

moiety or a metal complex of a chelating moiety. 

In some examples, the targeting moiety is capable of binding to a tumor-associated antigen. In some 

examples, the tumor-associated antigen is a tumor-specific antigen. 

In some examples, the targeting moiety is an antibody or an antigen-binding fragment thereof. 5 

In some examples, the antibody or antigen-binding fragment thereof is an IGF-1R antibody or an 

antigen-binding fragment thereof. 

In some examples, the antibody or antigen-binding fragment thereof is an endosialin (TEM-1) antibody 

or an antigen-binding fragment thereof. 

In some examples, the radioimmunoconjugate comprises a metal complex of a chelating moiety.  In 10 

some examples, the metal complex comprises a radionuclide. In some examples, the radionuclide is an alpha 

emitter, e.g., an alpha emitter selected from the group consisting of Astatine-211 (211At), Bismuth-212 (212Bi), 

Bismuth-213 (213Bi), Actinium-225 (225Ac), Radium-223 (223Ra), Lead-212 (212Pb), Thorium-227 (227Th), and 

Terbium-149 (149Tb). In some examples, the radionuclide is 225Ac. 

In some examples, the radioimmunoconjugate comprises the following structure: 15 

 

wherein B is the targeting moiety. 

In some examples, the one or more checkpoint inhibitors comprise a PD-1 inhibitor. In some 

examples, the PD-1 inhibitor is an antibody. 

In some examples, the one or more checkpoint inhibitors comprise a CTLA-4 inhibitor. In some 20 

examples, the CTLA-4 inhibitor is an antibody. 

In some examples, the one or more checkpoint inhibitors comprises both a PD-1 inhibitor and a CTLA-

4 inhibitor. 
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In some examples, the mammal is a human. 

In some examples, the mammal is diagnosed with cancer. 

In some examples, the cancer is selected from the group comprising: breast cancer, non-small 

cell lung cancer, small cell lung cancer, pancreatic cancer, head and neck cancer, prostate cancer, 5 

colorectal cancer, sarcoma, adrenocortical carcinoma, neuroendocrine cancer, Ewing’s Sarcoma, multiple 

myeloma, or acute myeloid leukemia. 

In some examples, the mammal has at least one solid tumor. 

In some examples, said administering results in a therapeutic effect.  In some examples, said 

therapeutic effect comprises a decrease in tumor volume, a stable tumor volume, or a reduced rate of 10 

increase in tumor volume.  In some examples, said therapeutic effect comprises a decreased incidence of 

recurrence or metastasis. 

In some examples, the targeting moiety is capable of binding to a tumor-associated antigen, and 

said therapeutic effect comprises an increase in T cells specific for the tumor-associated antigen. In some 

examples, said increase in T cells occurs in the tumor. In some examples, said increase in the T cells in 15 

the tumor is relative to T cells in the spleen. 

In some examples, said administering results in at least 15% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 20% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 20 

In some examples, said administering results in at least 25% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 30% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, wherein said administering results in at least 35% of the total T cell population 25 

in a sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 40% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 45% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 30 

In some examples, said administering results in at least 50% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 55% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 60% of the total T cell population in a 35 

sample from the mammal being specific for the tumor-associated antigen. 
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In some examples, said administering results in at least 65% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, said administering results in at least 70% of the total T cell population in a 

sample from the mammal being specific for the tumor-associated antigen. 

In some examples, the sample is a tumor sample. 5 

Definitions 

Chemical Terms: 

The term “acyl,” as used herein, represents a hydrogen or an alkyl group (e.g., a haloalkyl group), 10 

as defined herein, that is attached to the parent molecular group through a carbonyl group, as defined 

herein, and is exemplified by formyl (i.e., a carboxyaldehyde group), acetyl, trifluoroacetyl, propionyl, 

butanoyl and the like.  Exemplary unsubstituted acyl groups include from 1 to 7, from 1 to 11, or from 1 to 

21 carbons.  In some embodiments, the alkyl group is further substituted with 1, 2, 3, or 4 substituents as 

described herein. 15 

The term “alkyl,” as used herein, is inclusive of both straight chain and branched chain saturated 

groups from 1 to 20 carbons (e.g., from 1 to 10 or from 1 to 6), unless otherwise specified.  Alkyl groups 

are exemplified by methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and tert-butyl, neopentyl, and the like, 

and may be optionally substituted with one, two, three, or, in the case of alkyl groups of two carbons or 

more, four substituents independently selected from the group consisting of: (1) C1-6 alkoxy; (2) C1-620 

alkylsulfinyl; (3) amino, as defined herein (e.g., unsubstituted amino (i.e., -NH2) or a substituted amino 

(i.e., -N(RN1)2, where RN1 is as defined for amino); (4) C6-10 aryl-C1-6 alkoxy; (5) azido; (6) halo; (7) (C2-9 

heterocyclyl)oxy; (8) hydroxy, optionally substituted with an O-protecting group; (9) nitro; (10) oxo (e.g., 

carboxyaldehyde or acyl); (11) C1-7 spirocyclyl; (12) thioalkoxy; (13) thiol; (14) -CO2RA’, optionally 

substituted with an O-protecting group and where RA’ is selected from the group consisting of (a) C1-2025 

alkyl (e.g., C1-6 alkyl), (b) C2-20 alkenyl (e.g., C2-6 alkenyl), (c) C6-10 aryl, (d) hydrogen, (e) C1-6 alk-C6-10 aryl, 

(f) amino-C1-20 alkyl, (g) polyethylene glycol of -(CH2)s2(OCH2CH2)s1(CH2)s3OR’, wherein s1 is an integer 

from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and R’ is H or C1-20 alkyl, and (h) 

amino-polyethylene glycol of -NRN1(CH2)s2(CH2CH2O)s1(CH2)s3NRN1, wherein s1 is an integer from 1 to 10 30 

(e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 

to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RN1 is, independently, hydrogen or 

optionally substituted C1-6 alkyl; (15) -C(O)NRB’RC’, where each of RB’ and RC’ is, independently, selected 

from the group consisting of (a) hydrogen, (b) C1-6 alkyl, (c) C6-10 aryl, and (d) C1-6 alk-C6-10 aryl; (16) -

SO2RD’, where RD’ is selected from the group consisting of (a) C1-6 alkyl, (b) C6-10 aryl, (c) C1-6 alk-C6-1035 

aryl, and (d) hydroxy; (17) -SO2NRE’RF’, where each of RE’ and RF’ is, independently, selected from the 

group consisting of (a) hydrogen, (b) C1-6 alkyl, (c) C6-10 aryl and (d) C1-6 alk-C6-10 aryl; (18) -C(O)RG’, 
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CLAIMS 

 

1. Use of a radioimmunoconjugate in the manufacture of a medicament for inducing an immune 

response to a tumor in a mammal, wherein the mammal is being co-administered one or more 

checkpoint inhibitors wherein the one or more checkpoint inhibitors comprise a PD-1 inhibitor, a 

CTLA-4 inhibitor, or both a PD-1 inhibitor and a CTLA-4 inhibitor, and wherein the PD-1 inhibitor 

is an antibody, and wherein the CTLA-4 inhibitor is an antibody, 

 wherein the radioimmunoconjugate comprises the following structure: 

            , 

wherein the radioimmunoconjugate comprises a metal complex of a chelating moiety, wherein the 

metal complex comprises a radionuclide 225Ac; 

 B is a human or humanized IgG antibody or an antigen-binding fragment thereof, wherein 

the antibody or antigen-binding fragment thereof is an IGF-1R antibody or an antigen-binding 

fragment thereof or an endosialin (TEM-1) antibody or an antigen-binding fragment thereof, and 

 wherein the radioimmunoconjugate is to be administered in a lower effective dose relative 

to the therapeutically effective dose in a subject who is not receiving the one or more checkpoint 

inhibitors. 

 

2.  The use according to claim 1, wherein the antibody or antigen-binding fragment thereof is an IGF-

1R antibody or an antigen-binding fragment thereof. 

 

3.  The use according to claim 1 or 2, wherein the one or more checkpoint inhibitors comprise a PD-

1 inhibitor. 

 

4.  The use according to any one of claims 1-3, wherein the mammal is a human. 

 

5.  The use according to claim 4, wherein the mammal is diagnosed with a cancer selected from the 

group consisting of: breast cancer, non-small cell lung cancer, small cell lung cancer, pancreatic 

cancer, head and neck cancer, prostate cancer, colorectal cancer, sarcoma, adrenocortical 
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carcinoma, neuroendocrine cancer, Ewing’s Sarcoma, multiple myeloma, and acute myeloid 

leukemia. 

 

6.  The use according to any one of claims 1-5, wherein said administration results in an increase in 

T cells specific for the tumor-associated antigen. 

 

7.  The use according to claim 6, wherein said increase in T cells occurs in the tumor relative to in 

the spleen. 

 

8.  The use according to claim 6 or 7, wherein said administration results in at least 15% of the total 

T cell population in a sample from the mammal being specific for the tumor-associated antigen. 

 

9.  The use according to any one of claims 1-8, wherein said administration results in a therapeutic 

effect comprising a decrease in tumor volume, a stable tumor volume, a reduced rate of increase 

in tumor volume, or a decreased incidence of recurrence or metastasis. 

 

10. Use of a radioimmunoconjugate in the manufacture of a medicament for inducing an immune 

response to a tumor in a mammal, wherein the mammal is being co-administered one or more 

checkpoint inhibitors, wherein the one or more checkpoint inhibitors comprise a PD-1 inhibitor, a 

CTLA-4 inhibitor, or both a PD-1 inhibitor and a CTLA-4 inhibitor, and wherein the PD-1 inhibitor 

is an antibody, and wherein the CTLA-4 inhibitor is an antibody, 

 wherein the radioimmunoconjugate comprises the following structure: 

                  , 

wherein the radioimmunoconjugate comprises a metal complex of a chelating moiety, wherein the 

metal complex comprises a radionuclide 225Ac; 

 B is a human or humanized IgG antibody or an antigen-binding fragment thereof,  

wherein the antibody or antigen-binding fragment thereof is an IGF-1R antibody or an antigen-

binding fragment thereof or an endosialin (TEM-1) antibody or an antigen-binding fragment 

thereof, and  
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 wherein administration results in an increase of at least 15% of the total T cell population 

in a sample from the mammal being specific for a tumor-associated antigen or tumor specific 

antigen expressed on the cancer. 
 

 


