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BIOMARKERS FOR CANCERS RESPONSIVE TO MODULATORS OF HEC1 

ACTIVITY 

[0001] This application claims priority to copending U.S. provisional application with the serial 

number 61/562,177, filed 21 November 2011. 

Field of the Invention 5 

[0002] The general field of the invention is identification and use of biomarkers for determining 

the sensitivity of proliferative diseases to molecularly targeted therapeutic agents, and in particular 

HEC1 inhibitors in combination with a cytotoxic agent. 

Background of the Invention 

[0003] Over 1.6 million new cancer diagnoses and about 580,000 deaths from cancer are expected 10 

to occur in the United States in 2012.  Cancer is currently the second most common cause of death 

in the US, trailing behind the leading cause, heart disease. Although various new cancer treatments 

have been developed over the past decade, the five-year relative survival rate for all cancers 

diagnosed between 1999 and 2006 is 68%, with estimated deaths  of 28% and 26% for lung cancer 

in males and females, respectively, 15% for breast cancer in females, and 11% for prostate cancer.  15 

Such statistics reflect a critical need for further advances in available treatments.  

[0004] Personalized medicine has revolutionized the trial and error process of current medical 

treatment and improved patient response rates by utilizing biomarker profiles to more effectively 

predict a patient’s response to a drug and to reduce the time spent in ineffective treatment that 

permits disease to advance.  At least in certain cases such an approach has allowed for a more 20 

targeted and thus more effective treatment, highlighting the potential benefit of use of biomarkers 

in customizing patient treatment regimens to increase therapy success rates. 

[0005] For example, at the 47th Annual Meeting of the American Society of Clinical Oncology 

(June, 2011), Tsimberidou et al from the MD Anderson Cancer Center presented a study 

describing the success of treatment regimens targeting PIK3CA, mTOR, BRAF, MEK, 25 

multikinases, KIT or EGFR in 175 patients with one genetic aberration. This study showed that the 

response rate was 27% with matched targeted  
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therapy versus 5% observed for patients treated with non-matched therapy.  Other markers with at 

least some success for improvement in treatment outcome for use in personalized medicine were 

described by Duffy and Crown (Clinical Chemistry, 2008, 54(11):1770-1779). This and all other 

extrinsic materials discussed herein are incorporated by reference in their entirety.  Where a 

definition or use of a term in an incorporated reference is inconsistent or contrary to the definition 5 

of that term provided herein, the definition of that term provided herein applies and the definition 

of that term in the reference does not apply. 

[0006] Faulty chromosomal segregation and uncontrolled mitotic proliferation are hallmarks of 

neoplastic disease.  However, despite the availability of an increasing number of cancer markers, 

there remains a lack for markers indicative of susceptibility to drugs that target spindle and 10 

kinetochore regulation or mitotic checkpoint control.  Hec1, for example, is a critical component in 

spindle checkpoint signaling that is highly expressed in cancer and helps assure correct 

segregation of chromosomes during cell division.  Several potentially powerful Hec1 inhibitors 

have recently been reported (see e.g., WO 2011/115998 to Lau and Huang;  Qiu et al in J. Med. 

Chem., 2009, 52(6):1757–1767; Wu et al in Cancer Res., 2008 Oct 15, 68(20):8393-9).  While at 15 

least some of the compounds have shown promising results, there is, however, no guidance as to 

any biomarkers that would be indicative of increased treatment success with such compounds. 

[0007] Thus, there is still a need for biomarkers for cancers responsive to modulators of Hec1 

activity. 

Summary of The Invention 20 

[0007a] An aspect of the invention is defined in the independent claim.  Some optional features of 

the invention are defined in the dependent claims. 

[0008] Disclosed  subject matter is drawn to biomarkers and methods related to treatment of 

neoplastic diseases, where the disease is treated with a Hec1 inhibitor.  More specifically, the 

inventors have now discovered that the status and/or expression level of Hec1(HEC), Rb(RB1), 25 

and/or p53 (TP53) can be used as predictive biomarkers for treatment of various disease states 

where the disease is treated with a Hec1 inhibitor, where the status is with respect to wild-type 

versus mutant genotype and/or deficient/absent gene expression. 
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[0009] Therefore, in one example, identification of biomarker profiles is used to determine 

sensitivity of proliferative diseases such as cancer to Hec1 inhibitors or otherwise Hec1 targeting 

compounds.  Therefore, a method of determining the sensitivity of a proliferative disease and/or a 

neoplastic cell in a subject to treatment with a Hec1 inhibitor is contemplated that includes a step 5 

of determining status and/or expression levels of one or more of Hec1(HEC), Rb(RB1), and p53 

(TP53) in a sample derived from the subject.  Such determination may include forming a 

detectable complex that provides a test result.  In some embodiments the test result may be 

compared to reference result related to a status and/or expression levels of one or more of 

Hec1(HEC), Rb(RB1), and p53 (TP53). 10 

[0010] In another example, a method of selecting a subject and/or evaluating a patient suffering 

from a proliferative or neoplastic disease for treatment with a Hec1 inhibitor is contemplated that 

includes a step of determining status and/or expression levels of one or more of Hec1(HEC), 

Rb(RB1), and p53 (TP53) in a sample derived from the subject.  Such determination may include 

forming a detectable complex, and can provide a test result.  In some embodiments the test result 15 

may be compared to a reference result related to a status and/or expression levels of one or more of 

Hec1(HEC), Rb(RB1), and p53 (TP53) obtained from a reference cell to determine sensitivity.  

Such sensitivity may be used to provide an evaluation or selection result. 

[0011] In some examples, expression levels of Hec1 may be determined; in such embodiments an 

increased expression level may be indicative of sensitivity of a neoplastic or proliferative cell to a 20 

Hec1 inhibitor.  In other examples, the status of at least one of Rb and p53 may be determined; in 

such embodiments deletion of Rb and/or p53 or presence of a mutated Rb and/or p53 may indicate 

sensitivity of a neoplastic or proliferative cell to a Hec1 inhibitor.  Hec1, Rb, and/or p53 status 

and/or expression may be characterized by quantification of nucleic acids encoding for Hec1, Rb, 

and/or p53, by sequencing of nucleic acids encoding for Hec1, Rb, and/or p53, by hybridization of 25 

nucleic acids encoding for Hec1, Rb, and/or p53, or by a combination of these.  Alternatively, 

Hec1, Rb, and/or p53 status and/or expression may be characterized by quantification and/or  
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sequence characterization of Hec1 protein, Rb protein, and p53 protein.  In some examples, both 

nucleic acid and protein related to Hec1, Rb, and/or p53 may be characterized. 

[0012] In yet another example, a method of a patient suffering from a neoplastic disease for 

treatment with a Hec1 inhibitor is contemplated that includes a step of determining a molecular 

type of the neoplastic disease from a sample derived from the subject and determining for the 5 

molecular type an expression level of at least one of Hec1, Rb, and p53.  Such determination may 

include forming a detectable complex, and can provide an evaluation result.  In such an 

embodiment an increased level of Hec1 expression and/or deletion or the presence of a mutated 

form of Rb and/or p53 relative to a corresponding reference value or result may be indicative of the 

suitability of the patient’s neoplastic disease with a Hec1 inhibitor.  Neoplastic diseases of such an 10 

embodiment include, but are not limited to, breast cancer, lung cancer, colon cancer, and liver 

cancer. 

[0013] Another example is a method for treating a neoplastic cell that is sensitive to a Hec1 

inhibitor by contacting the neoplastic cell with a Hec1 inhibitor and a second 

chemotherapeutic/cytotoxic agent.  Such method may utilize a dosage or dosages that is/are 15 

effective in achieving a synergistic result on growth inhibition of such a neoplastic cell.  Suitable 

Hec1 inhibitors include, but are not limited to, N-(4-(4-isopropoxy-2,6-dimethylphenyl) 

thiazol-2-yl)isonicotinamide (100951); N-(4-(4-(4-methoxyphenoxy)-2,6-dimethylphenyl)thiazol 

-2-yl)isonicotinamide (101001);  2-fluoro-N-(4-(4-(4-methoxyphenoxy)-2,6-dimethylphenyl) 

thiazol-2-yl)isonicotinamide (101015);  N-(4-(4-(5-(2-methoxyethoxy)pyrazin-2-yloxy)-2,6- 20 

dimethylphenyl)thiazol-2-yl)isonicotinamide (Hec110091);  N-(4-(4-(5-(2-methoxyethoxy) 

pyrazin-2-ylthio)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide (110095);  and N-(4-(4-(5-(2- 

(dimethylamino)ethoxy)pyrazin-2-ylthio)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide.  

Such Hec1 inhibitors may be the form of free bases or in the form of salts.  Such  
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an embodiment may utilize cytotoxic and/or chemotherapeutic drugs such as taxol, doxorubicin, 

and topotecan, however use of any suitable cytotoxic and/or chemotherapeutic drug or drugs is 

contemplated. 

[0014] Yet another example is a method for treating a neoplastic cell that is multi-drug resistant 5 

(or resistant to treatment with imatinib) by contacting the neoplastic cell with a Hec1 inhibitor at a 

dose effective to achieve growth inhibition.  In some examples, the Hec1 inhibitor may be used in 

combination with a second chemotherapeutic or cytotoxic agent.  Suitable Hec1 inhibitors include, 

but are not limited to, N-(4-(4-isopropoxy-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide 

(100951);   N-(4-(4-(4- methoxyphenoxy)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide 10 

(101001);  2-fluoro-N-(4-(4- 

(4-methoxyphenoxy)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide (101015);   N-(4-(4-(5-(2- 

methoxyethoxy)pyrazin-2-yloxy)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide 

(Hec110091);   N-(4-(4-(5-(2-methoxyethoxy)pyrazin-2-ylthio)-2,6-dimethylphenyl)thiazol-2-yl) 

isonicotinamide (110095); and N-(4-(4-(5-(2-(dimethylamino)ethoxy)pyrazin-2-ylthio)-2,6- 15 

dimethylphenyl)thiazol-2-yl)isonicotinamide.  Such Hec1 inhibitors may be the form of free bases 

or in the form of salts.  Such an embodiment may utilize cytotoxic and/or chemotherapeutic drugs 

such as taxol, doxorubicin, and topotecan, however use of any suitable cytotoxic and/or 

chemotherapeutic drug or drugs is contemplated. 

[0015] Various objects, features, aspects and advantages will become more apparent from the 20 

following detailed description of preferred embodiments, along with the accompanying drawing 

figures in which like numerals represent like components. 

Brief Description of the Drawings 

[0016] FIG. 1 shows the relationship between the GI50s of Hec1 inhibitory compounds and Hec1 

expression:  FIG. 1A shows Hec1 protein expression levels in 25 





























































 

 

CLAIMS 

 

1. Use of a thiazol-2-yl-isonicotinamide compound and a second chemotherapeutic agent in the 

manufacture of a medicament for combination treatment of a neoplastic cell, wherein the 

second chemotherapeutic agent is selected from the group consisting of Taxol, Doxorubicin 

and Topotecan, and the thiazol-2-yl-isonicotinamide compound is selected from the group 

consisting of N-(4-(4-isopropoxy-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide (100951), 

N-(4-(4-(4-methoxyphenoxy)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide (101001), 2-

fluoro-N-(4-(4-(4-methoxyphenoxy)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide 

(101015), N-(4-(4-(5-(2-methoxyethoxy)pyrazin-2-yloxy)-2,6-dimethylphenyl)thiazol-2-

yl)isonicotinamide (110091), N-(4-(4-(5-(2-methoxyethoxy)pyrazin-2-ylthio)-2,6-

dimethylphenyl)thiazol-2-yl)isonicotinamide (110095), and N-(4-(4-(5-(2-

(dimethylamino)ethoxy)pyrazin-2-ylthio)-2,6-dimethylphenyl)thiazol-2-yl)isonicotinamide, 

and their salt forms; 

and wherein the neoplastic cell has an increased expression level of Hec1 relative to the 

corresponding reference result of a non-neoplastic cell, and/or a mutated or deleted form of at 

least one of Rb and p53 relative to the corresponding reference result of a non-neoplastic cell. 

 

2. The use of claim 1, wherein the neoplastic cell is a neoplastic cell of leukemia, cervical 

cancer, breast cancer, and liver cancer. 

 

3. The use of claim 1 or 2, wherein the increased expression level of Hec1 or the mutated or 

deleted form of at least one of Rb and p53 is determined by quantification of a nucleic acid 

encoding Hec1, Rb, or p53. 

 

4. The use of claim 1 or 2, wherein the increased expression level of Hec1 or the mutated or 

deleted form of at least one of Rb and p53 is determined by sequencing or hybridization or a 

combination of both of a nucleic acid encoding Hec1, Rb, or p53. 

 

33 



 

5. The use of claim 1 or 2, wherein the increased expression level of Hec1 or the mutated or 

deleted form of at least one of Rb and p53 is determined by quantification of Hec1 protein, Rb 

protein, and p53 protein. 
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