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neuroendocrine differentiation (Aggarwal et al, 2014; Beltran et al, 2014; Dang et al, 2015).  

Several of these resistance mechanisms have either been shown to be regulated by the BET 

proteins in prostate cancer (MYC expression: (Gao et al, 2013); AR splice variants: (Chan et al, 

2015; Welti et al, 2018); GR: (Asangani et al, 2016; Shah et al, 2017)) or in other cancers (NF-

κB: (Ceribelli et al, 2014; Gallagher et al, 2014; Zou et al, 2014)), suggesting that BET inhibition 

could be beneficial for subjects with mCRPC that are resistant to enzalutamide and 

abiraterone. In particular, the androgen receptor splice variant 7 (AR-V7) was recently 

suggested to be involved in the resistance to enzalutamide and abiraterone (Antonarakis et al, 

2014); cell lines expressing these variants are BET-dependent and sensitive to BETi in culture 

and in xenografts (Asangani et al, 2014; Asangani et al, 2016; Chan et al, 2015; Gao et al, 2013; 

Wyce et al, 2013).  One of the proposed mechanisms of action of the BET inhibitor (BETi) is to 

prevent the BET proteins from interacting with the N-terminus of the AR and activating 

downstream androgen signaling pathways (Asangani et al, 2014).   

[004] However, at this time, it is unclear which, if any, BET inhibitors will result in 

significant clinical benefit when administered to subjects with prostate cancer, particularly 

mCRPC.  It is also unclear which, if any BET inhibitors will combine synergistically with other 

drugs, such as an androgen receptor antagonist or an androgen synthesis inhibitor, in the 

treatment of prostate cancer; what level of synergy is required; and which second therapeutic 

agent will be the best combination partner for each BET inhibitor, resulting in clinical benefit 

when administered to patients with prostate cancer.  In addition to a clinical benefit, the 

combination also has to be safe and well tolerated at the efficacious doses.  At this time, it 

cannot be predicted which combination will show the best overall profile.  

SUMMARY 

[005] The present disclosure refers to methods of treating prostate cancer by co-

administration of a BET bromodomain inhibitor, or a pharmaceutically acceptable salt or co-
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crystal of a BET bromodomain inhibitor, and a second therapeutic agent to a subject in need 

thereof.  In one aspect, the present disclosure refers to the use of a BET bromodomain 

inhibitor selected from 1-benzyl-6-(3,5-dimethylisoxazol-4-yl)-N-methyl-1H-imidazo[4,5-

b]pyridin-2-amine (Compound I), 1-benzyl-6-(3,5-dimethylisoxazol-4-yl)-1H-imidazo[4,5-

b]pyridin-2-amine, and pharmaceutically acceptable salts/co-crystals thereof, in the 

manufacture of a medicament for use in combination therapy for treating prostate cancer, 

wherein said medicament is to be administered in combination with a second therapeutic 

agent, and wherein the second therapeutic agent is an androgen receptor antagonist or an 

androgen synthesis inhibitor. 

[006] In some examples, the BET bromodomain inhibitor is administered 

simultaneously with the second therapeutic agent.  In some examples, the BET bromodomain 

inhibitor is administered sequentially with the second therapeutic agent.  In some examples, 

the BET bromodomain inhibitor is administered in a single pharmaceutical composition with 

the second therapeutic agent.  In some examples, the BET bromodomain inhibitor and the 

second therapeutic agent are administered as separate compositions.   

[007] In some examples the second therapeutic agent is an agent beneficial to the 

treatment of prostate cancer. 

[008] In some examples, the second is therapeutic agent is an androgen-deprivation 

therapy.  In some examples, the second therapeutic is an androgen receptor antagonist.  In 

some examples, the second therapeutic is an androgen synthesis inhibitor. 

[009] In some examples, the prostate cancer is metastatic castration-resistant 

prostate cancer (mCRPC). 

[0010] In some examples, the BET bromodomain inhibitor is a compound of Formula 

Ia or Formula Ib
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(Formula Ia) 

(Formula Ib) 

or a stereoisomer, tautomer, pharmaceutically acceptable salt, or co-crystal, or hydrate 

thereof,
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wherein: 

Ring A and Ring B may be optionally substituted with groups independently selected 

from hydrogen, deuterium, -NH2, amino, heterocycle(C4-C6), carbocycle(C4-C6), halogen, -CN, -

OH, -CF3, alkyl (C1-C6), thioalkyl (C1-C6), alkenyl (C2-C6), and alkoxy (C1-C6); 

X is selected from –NH-, -CH2-, -CH2CH2-, -CH2CH2CH2-, -CH2CH2O-, -CH2CH2NH-, -

CH2CH2S-, -C(O)-, -C(O)CH2-, -C(O)CH2CH2-, -CH2C(O)-, -CH2CH2C(O)-, -C(O)NH-, -C(O)O-, -C(O)S-, 

-C(O)NHCH2-, -C(O)OCH2-, -C(O)SCH2-, wherein one or more hydrogen may independently be 

replaced with deuterium, hydroxyl, methyl, halogen, -CF3, ketone, and where S may be 

oxidized to sulfoxide or sulfone; 

R4 is selected from optionally substituted 3-7 membered carbocycles and heterocycles; 

and  

D1 is selected from the following 5-membered monocyclic heterocycles: 

,    ,    ,  and    

which are optionally substituted with hydrogen, deuterium, alkyl (C1-C4), alkoxy (C1-C4), amino, 

halogen, amide, -CF3, -CN, -N3, ketone (C1-C4), -S(O)Alkyl(C1-C4), -SO2alkyl(C1-C4), -thioalkyl(C1-C4), -

COOH, and/or ester, each of which may be optionally substituted with hydrogen, F, Cl, Br, -OH, -

NH2, -NHMe, -OMe, -SMe, oxo, and/or thio-oxo. 

[0011]  In some examples, the BET bromodomain inhibitor is 1-benzyl-6-(3,5-

dimethylisoxazol-4-yl)-N-methyl-1H-imidazo[4,5-b]pyridine-2-amine, herein Compound I, has the 

following formula: 

(Compound I) 
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In some examples, the BET bromodomain inhibitor is Compound I or a pharmaceutically 

acceptable salt or co-crystal.  In some examples, the BET bromodomain inhibitor is a mesylate 

salt/co-crystal of Compound I in crystalline form I.  

[0012]  In some examples, the combination therapy of the invention demonstrates an 

unexpected superior safety profile because it does not result in dose limiting toxicity due to 

thrombocytopenia.  In some examples, the combination therapy of the invention 

demonstrates synergistic therapeutic effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shows the effect (inhibition) of Compound I, enzalutamide, and the 

combination of Compound I and enzalutamide on cell proliferation of VCaP cells (AR-positive, 

AR amplified, TMPRSS2-ERG fusion). 

[0014] FIG. 2 shows the effect (inhibition) of Compound I, apalutamide (ARN-509), 

and the combination of Compound I and apalutamide on cell proliferation of VCaP cells (AR-

positive, AR amplified, TMPRSS2-ERG fusion). 

[0015] FIG. 3 shows the effect (inhibition) of Compound I, abiraterone, and the 

combination of Compound I and abiraterone on proliferation of LAPC4 cells. 

[0016] FIG. 4 shows an X-ray powder diffractogram (XRPD) of a mesylate salt/co-

crystal of Compound I. 

[0017] FIG. 5 shows a differential scanning calorimeter (DSC) curve of a mesylate 

salt/co-crystal of Compound I. 

[0018] FIG. 6 shows a thermogravimetric analysis (TGA) of a mesylate salt/co-crystal 

of Compound I. 

[0019] FIG. 7 shows the Kaplan-Meier survival curves of patients treated with 

Compound I and enzalutamide that previously progressed on either abiraterone or 
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CLAIMS 

What is claimed is: 

1. Use according to a BET bromodomain inhibitor selected from 1-benzyl-6-(3,5-

dimethylisoxazol-4-yl)-N-methyl-1H-imidazo[4,5-b]pyridin-2-amine (Compound I) and 

pharmaceutically acceptable salts/co-crystals thereof, in the manufacture of a medicament for 

use in combination therapy for treating prostate cancer, wherein said medicament is to be 

administered in combination with a second therapeutic agent, and wherein the second 

therapeutic agent is enzalutamide, apalutamide, or abiraterone acetate. 

2. The use according to claim 1, wherein the BET bromodomain inhibitor is the 

mesylate salt/co-crystal of Compound I Form I. 

3. The use according to claim 1 or claim 2, wherein the second therapeutic agent 

is enzalutamide. 

4. The use according to claim 1 or claim 2, wherein the second therapeutic agent 

is apalutamide. 

5. The use according to claim 1 or claim 2, wherein the second therapeutic agent 

is abiraterone acetate. 

6. The use according to any one of claims 1 to 4, wherein the prostate cancer is 

castration-resistant prostate cancer or metastatic castration-resistant prostate cancer. 

7. The use according to any one of claims 1 to 5, wherein the subject previously 

has been treated with a prostate cancer therapy. 

8. The use according to claim 7, wherein the prostate cancer therapy is an 

androgen-deprivation therapy. 

9. The use according to any one of claims 1 to 6, wherein the subject previously 

has shown disease progression on androgen-deprivation therapy. 
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10. The use according to any one of claims 1 to 7, wherein the subject has not 

previously been treated with androgen-deprivation therapy. 

11. The use according to claim 8 or claim 9, wherein the androgen-deprivation 

therapy is enzalutamide, apalutamide, or abiraterone acetate. 

12. The use according to claim 1, wherein a compound selected from 1-benzyl-6-

(3,5-dimethylisoxazol-4-yl)-N-methyl-1H-imidazo[4,5-b]pyridin-2-amine (Compound I) and 

pharmaceutically acceptable salts or co-crystals thereof, is to be dosed with an androgen 

deprivation therapy without resulting in thrombocytopenia as a dose-limiting toxicity.  

13. The use according to claim 12, wherein the androgen-deprivation therapy is 

enzalutamide, apalutamide, darolutamide, or abiraterone acetate. 

14. The use according to any of claims 1 to 6, wherein the subject has an 

activation of the ETS transcription factor family, either through activating mutations and/or 

translocations, including any one of TMPRSS2-ERG, SLC45A3-ERG, NDRG1-ERG, DUX4-ERG, 

ELF4-ERG, ELK4-ERG, BZW2-ERG, CIDEC-ERG, DYRK1A-ERG, EWSR1-ERG, FUS-ERG, GMPR-ERG, 

HERPUD1-ERG, KCNJ6-ERG, ZNRF3-ERG, ETS2-ERG,  ETV1-ERG, HNRNPH1-ERG, PAK1-ERG, 

PRKAB2-ERG, SMG6-ERG, SLC45A3-FLI1, TMPRSS2-ETV1, SLC45A3-ETV1, FOXP1-ETV1, EST14-

ETV1, HERVk17-ETV1, ERVK-24-ETV1, C15ORF21-ETV1, HNRPA2B1-ETV1, ACSL3-ETV1, OR51E2-

ETV1, ETV1 S100R, RBM25-ETV1, ACPP-ETV1,  BMPR1B- ETV1, CANT1- ETV1,  ERO1A-ETV1, 

CPED1-ETV1, HMGN2P46-ETV1, HNRNPA2B1-ETV1, SMG6-ETV1, FUBP1-ETV1, KLK2-ETV1, 

MIPOL1- ETV1, SLC30A4-ETV1, EWSR1-ETV1, TMPRSS2-ETV4, KLK2-ETV4, CANT1-ETV4, DDX5-

ETV4, UBTF-ETV4,  DHX8-ETV4, CCL16-ETV4, EDIL3-ETV4,  EWSR1-ETV4, SLC45A3-ETV4, UBTF-

ETV4, XPO7-ETV4, TMPRSS2-ETV5, SLC45A3-ETV5, ACTN4- ETV5, EPG5- ETV5, LOC284889-

ETV5, RNF213-ETV5, or SLC45A3-ELK4. 

15. The use according to any of claims 1 to 6, wherein the subject has a spike in 

prostate specific antigen (PSA) either at 4 weeks or 8 weeks of treatment.   
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