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                                                                                                                        Abstract

                                                            We analyzed 27 CML patients treated with imatinib (IM) who developed a BCR-ABLT315I mutation. These patients had poor prognostic features: High or intermediate Sokal index (82%), and lack of CCyR under IM (59%). At T315I discovery, patients were in advanced phase (59%), with clonal evolution (84%). Median time since diagnosis was 39 months, and progression occurred 13 months after IM initiation, regardless of disease phase. Overall survival since IM initiation was 42.5 months for chronic, and 17.5 months for advanced phases, and all patients progressed. This mutation seems related to or (partially?) responsible for progression and poor survival.
                                                            
                                                            Imatinib mesylate revolutionized the management of chronic myelogenous leukemia and represents the new standard of care for this disease.1 Most patients retain a residual disease and increasing numbers of resistant patients accumulate. The onset of ABL point mutations is the most frequent identified mechanism responsible for resistance.2 Up to 30 different mutations have been described, mostly in advanced phase,3 and confer different levels of clinical resistance. In this setting, trials with second generation tyrosine kinase inhibitors (TKIs)4,5 provide encouraging results, however neither in vitro nor clinical activity was demonstrated when a T315I was identified.6,7 In this multicentric retrospective study, we analysed 27 BCR-ABL mutated CML patients exhibiting either clinical, cytological, cytogenetic resistance or molecular progression.
Design and Methods
BCR-ABL mutations have been identified in the 5 different laboratories and clinical data were retrospectively collected according to each centre ethical guidelines. Resistance was defined according to the ELN guidelines3 and if any hematological, cytogenetic or molecular progression (i.e. increasing BCR-ABL/ABL ratio ≥ 2 logs) of CML in a previously IM-responsive patient was observed.
The mutation was detected on blood samples analyzed according to the methods described by Branford et al.8 by direct sequencing (on both strands) encompassing the entire ABL kinase and ATP-loop domains [residues 242–487].
Survival and time-to-progression curves were established from IM initiation to death or progression, according to Kaplan-Meier method. Progression was defined as any loss of previous response, and transition to a more advanced disease phase.
Calculations were performed using S-plus program (Insightful, Seattle, WA, USA).
Results and Discussion
Twenty-seven CML patients [17 males, 10 females, median age at diagnosis 52 (25–70) months] harboring a BCR-ABL mutation were recorded. The patients’ characteristics are summarized in Table 1. All patients were in chronic phase (CP) at diagnosis with a majority of unfavorable Sokal scores [high and intermediate for 8 and 6 patients respectively and low for 3 patients, among 17 evaluable (82%)]. Despite the limitations of such a retrospective analysis on a small series of patients, this repartition remains curious and possibly related to this population of patients harboring a BCR-ABL mutation, because in France scores are high for 21%, intermediate for 39% and low for 40% of patients (FE. Nicolini, French CML registry, personal communication 2005). All patients had M-BCR transcripts except 2 harboring m-BCR transcripts, and 3 unknown. Strikingly, at CML diagnosis, 6/15 evaluable patients had additional chromosomal abnormalities such as a variant Ph1+trisomy 8+Ph1 duplication, a chromosome 7 deletion, a chromosome Y deletion, a Ph1 duplication alone, and 2 patients had additional translocations: t(3;7;12), t(13;14) (UPN#4, 9, 26, 10, 27, 9 and 15, respectively). The median time between diagnosis and IM initiation was 20 (0–145.2) months with a majority of patients treated with interferon prior to IM (17/25 evaluable patients, 68%) for a median time of 9 (0–112) months. The initial median dose of IM was 464 mg/day and all but 3 [1 AP, 2 blast crisis (BC)] were in CP at IM initiation. Most patients were poor responders to IM,3 with, no responses in 2 (7.5%), 14 (52%) CHR, 2 (7.5%) PCyR, 9 (33%) CCyR, 2 of whom 2 were in major molecular response. With a median follow-up of 21 months. Since IM initiation, and worryingly, all patients progressed after a median of 13 (0–49.6) months for all phases (Figure 1A), with 11 (41%) patients in CP and 16 (59%) in advanced phase [4 accelerated, 12 (7 myeloid + 5 lymphoid) BC] at progression. Time-to-progression was significantly longer for patients in CP (18 months) versus advanced phases (12 months, p=0.04). Twelve/15 evaluable patients (80%) presented a clonal evolution at T315I identification (4 of which were already present at diagnosis) with no significant impact on survival (p=0.22). Likewise, the T315I mutation was discovered with additional mutations in 6 patients (1 Y253H, 2 M351T, 1 E255K and E255V, 1 L324Q, and 1 F311L), but these had no impact on overall survival (p= 0.91).
[image: ]

Figure 1.(A) Time to progression of CML since IM initiation, in patients harboring a BCR-ABLT315I mutation. Plain line represents all phases of CML, dotted line chronic phase only and dashed line accelerated + blastic phases at onset of T315I mutation. (B) Kaplan-Meier overall survival since initiation of IM in patients harboring a BCR-ABLT315I mutation, broken down by disease phase at onset of T315I mutation. These 2 figures have been generated through a S-plus program by Dr. Q-H. Lê and reformatted to Powerpoint by F-E. Nicolini.
[image: ]

Table 1.Main characteristics of the 27 CML patients harboring a BCR-ABLT315I mutation. F stands for female, M for male. CP stands for chronic phase, Acc P for accelerated phase, MBC for myeloid blast crisis, LBC for lymphoid blast crisis. H, I, and L stand for high, intermediate and low Sokal scores respectively. CHR stands for complete hematologic remission, PCyR for partial cytogenetic remission, CCyR for complete cytogenetic remission. NA: data not available. This table has been generated by Dr F-E. Nicolini from the raw database.
In this retrospective analysis, fourteen/18 (78%) evaluable patients were found challenged with higher doses of IM (600–800 mg/day), with one return to CP and one transient CCyR after IM combined with chemotherapy, and 12 failures. Six patients (1 CP, 5 BC) were treated with dasatinib, and no difference in survival was seen between dasatinib-treated and non-treated patients (p=0.15). None of the patients received nilotinib. Additionally, 3 patients underwent allogeneic stem cell transplantation with 2 remaining alive at 1 and 14 months follow-up. Finally, at latest follow-up, overall survival since IM initiation (Figure 1B), however longer for CP (42.5 Mo.) was not statistically different than that for AP+BC (17.5 Mo., p=0.08) patients.
The onset of BCR-ABL mutations during the treatment of CML with TKIs remains challenging, because this mutation is the most frequently identified in IM–treated patients6, and none of the TKIs clinically available to date4,5,6 retain any activity in vitro. More over, the continuation of these inhibitors might elicit the outgrowth of T315I clones as shown in the past.9,10,11 In 5/6 patients receiving dasatinib, the BCR-ABL mutation was assessed (through direct sequencing method) and absent before the introduction of this TKI, but present after a median of 4 months. The PCR-ASO was retrospectively performed in 2 patients (UPN#16 and 17) and demonstrated that the BCR-ABLT315I mutation was already present at low levels before dasatinib. Two/6 patients remained alive at latest follow-up, as dasatinib was immediately withdrawn when the T315I was identified. Thus, if a BCR-ABLT315I mutation is identified in a CML patient, TKI treatment withdrawal should be the first therapeutic intervention recommended.
Despite low number of patients and the limitations of such an analysis, we were able to show in this study that the onset of BCR-ABLT315I mutations occurs in a category of CML patients with poor initial prognostic features (poor Sokal scores, additional chromosomal abnormalities, poor response to IM), mostly in advanced phases. It is unknown whether the presence of a BCR-ABL mutation is actually responsible for progression or if this mutation simply co-migrates with other general factors of progression such as clonal evolution or additional mutations. The first hypothesis is supported by in vitro studies12 which demonstrate that a BCR-ABL mutation provides the mutated clone with a proliferative advantage over BCR-ABLWT cells and favors disease transformation potency. In our study, it is of note that 3/16 evaluable patients (UPN# 11, 17, 19) had neither chromosomal abnormalities other than the Ph1, nor additional mutation at T315I identification. In addition, previous studies13,14 have failed to detect c-kit and PDGF-R mutations in patients resistant to IM, suggesting that disease progression might be induced solely by BCR-ABL modifications. However, additional genetics abnormalities affecting other not-investigated/unknown BCR-ABL independent mechanisms of IM resistance/progression cannot be excluded. Furthermore, in addition to the disruption of IM binding, it is debatable if a BCR-ABLT315I mutation increases ABL tyrosine kinase activity and enhances progression as suggested by some authors15 though not by others12. The second hypothesis is supported by crystallographic analysis16 showing that the lack of the critical hydrogen bond that disrupts IM binding during T315I residues exchanges is associated with the modification of multiple other protein-drug interactions that could participate to the deregulation of ABL tyrosine kinase activity. Others have shown15 that various intracellular proteins, including STAT-5, might be altered in BCR-ABLT315I+ cells.
In conclusion, despite the obvious limits of such a retrospective study, we show that the BCR-ABLT mutation occurs probably in CML patients with poor initial prognostic features, and at high risk of disease progression. Subsequently, serial BCR-ABL mutation assessments throughout the course of the disease is recommended for IM-resistant patients for early detection of the BCR-ABL mutations.
Simple TKI withdrawal might-at least transiently-slow down disease progression and allow a sufficient time-frame for the seek of alternative therapeutic options such as the identification of a suitable donor for allogeneic stem cell transplantation, a suitable option to consider17 or the use of aurora-kinase inhibitors (i. e. MK 0457) that might be active in this setting.18
Acknowledgments
this study was performed on behalf of the Fi(phi)-LMC group. The authors thank the clinical and technical teams from the different centers participating in this study, and are grateful to Melisa Clark, Marie-Pierre Fort and Farid Guetarni for their kind help
Footnotes
	
Authors’ Contributions
F-EN and SC designed the study, acquired, analyzed and interpreted the data, F-EN and CR-L wrote the paper. SH, MM participated in the acquisition, analysis and interpretation of data. EB, DB, MT, FG, LL, FX-M, FM, CR-L participated in the acquisition of the data. F-EN and Q-HL performed statistical analysis. CP helped with the analysis of the data and proofread the final manuscript version.
	
Conflict of Interest
The authors reported no potential conflicts of interest.
	
Funding: this study was partly funded by grants from “Cancéropôle Lyon Auvergne Rhône-Alpes” 2003 (F-EN, SH), the “Ligue contre le cancer du Rhône” 2005 (to F-EN, SH), and “Association 100 pour Sang La Vie” 2003 (to F-EN, SH).

	Received February 11, 2007.
	Accepted June 27, 2007.

References
	O’Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M, Cervantes F. Imatinib compared with interferon and low-dose cytarabine for newly diagnosed chronic-phase chronic myeloid leukemia. N Engl J Med. 2003; 348:994-04. Google Scholar

	Hochhaus A, Kreil S, Corbin AS, La Rosée P, Müller MC, Lahaye T. Molecular and chromosomal mechanism of resistance to imatinib (STI571) therapy. Leukemia. 2002; 16:2190-6. Google Scholar

	Baccarani M, Saglio G, Goldman J, Hochhaus A, Simonsson B, Appelbaum F. European LeukemiaNet. Evolving concepts in the management of chronic myeloid leukemia: recommendations from an expert panel on behalf of the European LeukemiaNet. Blood. 2006; 108:1809-20. Google Scholar

	Talpaz M, Shah NP, Kantarjian H, Donato N, Nicoll J, Paquette R. Dasatinib in imatinib-resistant Philadelphia chromosome-positive leukemias. N Engl J Med. 2006; 354:2531-41. Google Scholar

	Kantarjian H, Giles F, Wunderle L, Bhalla K, O’Brien S, Wassmann B. Nilotinib in imatinib-resistant CML and Philadelphia chromosome-positive ALL. N Engl J Med. 2006; 354:2542-51. Google Scholar

	Gorre ME, Mohammed M, Ellwood K, Hsu N, Paquette R, Rao PN. Clinical resistance to STI-571 cancer therapy caused by BCR-ABL gene mutation or amplification. Science. 2001; 293:876-80. Google Scholar

	Nicolini FE, Corm S, Lê Q-H, Sorel N, Hayette S, Bories D. Mutation status of 89 imatinib mesylate resistant chronic myelogenous leukemia patients and clinical outcome. A retrospective analysis from the french intergroup of CML (Fi(phi)-LMC group). Leukemia. 2006; 20:1061-6. Google Scholar

	Branford S, Rudzki Z, Walsh S, Grigg A, Arthur C, Taylor K. High frequency of point mutations clustered within the adenosine triphosphate-binding region of BCR/ABL in patients with chronic myeloid leukemia or Ph-positive acute lymphoblastic leukemia who develop imatinib (STI571) resistance. Blood. 2002; 99:3472-5. Google Scholar

	Hayette S, Michallet M, Baille M-L, Magaud J-P, Nicolini FE. The Assessment and the Follow-up of the Proportion of T315I Mutant Bcr-Abl Transcripts can Guide Adequate Therapeutic Strategy in CML Patient. Leuk Res. 2005; 29:1073-7. Google Scholar

	Roche-Lestienne C, Laï JL, Darré S, Facon T, Preudhomme C. A mutation conferring resistance to imatinib at the time of diagnosis of chronic myelogenous leukaemia. N Engl J Med. 2003; 348:2264-5. Google Scholar

	Miething C, Feilh S, Mugler C, Grundler R, von Bubnoff N, Lordick F. The Bcr-Abl mutations T315I and Y253H do not confer a growth advantage in the absence of imatinib. Leukemia. 2006; 20:650-7. Google Scholar

	Griswold IJ, MacPartlin M, Bumm T, Goss VL, O’Hare T, Lee KA. Kinase domain mutants of Bcr-Abl exhibit altered transformation potency, kinase activity, and substrate utilisation, irrespective of sensitivity to imatinib. Mol Cell Biol. 2006; 26:6082-93. Google Scholar

	Al-Ali HK, Heinrich MC, Lange T, Krahl R, Mueller M, Müller C. High incidence of BCR-ABL kinase domain mutations and absence of mutations of the PDGFR and KIT activation loops in CML patients with secondary resistance to imatinib. Hematol J. 2004; 5:55-60. Google Scholar

	Shah NP, Nicoll JM, Nagar B, Gorre ME, Paquette RL, Kuriyan J. Multiple BCR-ABL kinase domain mutations confer polyclonal resistance to the tyrosine kinase inhibitor imatinib (STI571) in chronic phase and blast crisis chronic myeloid leukemia. Cancer Cell. 2002; 2:117-25. Google Scholar

	Yamamoto M, Kurosu T, Kakihana K, Mizuchi D, Miura O. The two major imatinib resistance mutations E255K and T315I enhance the activity of BCR/ABL fusion kinase. Biochem Biosphys Res Commun. 2004; 319:1272-5. Google Scholar

	Pricl S, Fermeglia M, Ferrone M, Tamborini E. T315-mutated Bcr-Abl in chronic myeloid leukaemia and imatinib: insights from a computational study. Mol Cancer Ther. 2005; 4:1167-74. Google Scholar

	Jabbour E, Cortes J, Kantarjian H, Giralt S, Jones D, Jones R. Allogeneic stem cell transplantation for patients with chronic myeloid leukaemia and acute lymphocytic leukaemia after Bcr-Abl mutation-related imatinib failure. Blood. 2006; 108:1421-3. Google Scholar

	Giles FJ, Cortes J, Jones D, Bergstrom D, Kantarjian H, Freedman SJ. MK-0457, a novel kinase inhibitor, is active in patients with chronic myeloid leukaemia or acute lymphocytic leukaemia with the T315I BCR-ABL mutation. Blood. 2007; 109:500-2. Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    


                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 92 No. 9 (2007): September, 2007 : Brief Reports
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.11369
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        17768119
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2007-09-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        629

    

    
        PDF Downloads

        135

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Franck E. Nicolini, Sandrine Hayette, Selim Corm, Emmanuel Bachy, Dominique Bories, Michel Tulliez, François Guilhot, Laurence Legros, Frédéric Maloisel, Jean-Jacques Kiladjian, François-Xavier Mahon, Quoc-Hung Lê, Mauricette Michallet, Catherine Roche-Lestienne, Claude Preudhomme. Clinical outcome of 27 imatinib mesylate-resistant chronic myelogenous leukemia patients harboring a T315I BCR-ABL mutation. Haematologica 2007;92(9):1238-1241; https://doi.org/10.3324/haematol.11369.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

