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                                                                                                                        Abstract

                                                            The majority of patients with chronic myeloid leukemia are successfully managed with life-long treatment with tyrosine kinase inhibitors. In patients in chronic phase, other malignancies are among the most common causes of death, raising concerns on the relationship between these deaths and the off-target effects of tyrosine kinase inhibitors. We analyzed the incidence of second primary malignancies, and related mortality, in 514 chronic myeloid leukemia patients enrolled in clinical trials in which imatinib was given as first-line treatment. We then compared the observed incidence and mortality with those expected in the age- and sex-matched Italian general population, calculating standardized incidence and standardized mortality ratios. After a median follow-up of 74 months, 5.8% patients developed second primary malignancies. The median time from chronic myeloid leukemia to diagnosis of the second primary malignancies was 34 months. We did not find a higher incidence of second primary malignancies compared to that in the age- and sex-matched Italian general population, with standardized incidence ratios of 1.06 (95% CI: 0.57–1.54) and 1.61 (95% CI: 0.92–2.31) in males and females, respectively. Overall, 3.1% patients died of second primary malignancies. The death rate in patients with second primary malignancies was 53% (median overall survival: 18 months). Among females, the observed cancer-related mortality was superior to that expected in the age- and sex-matched Italian population, with a standardized mortality ratio of 2.41 (95% CI: 1.26 – 3.56). In conclusion, our analysis of patients with imatinib-treated chronic myeloid leukemia did not reveal a higher incidence of second primary malignancies; however, the outcome of second primary malignancies in such patients was worse than expected. Clinicaltrials.gov: NCT00514488,  NCT00510926.
                                                            
                                                            Introduction
The availability and the extensive use of tyrosine kinase inhibitors targeting the BCR-ABL protein in patients with chronic myeloid leukemia (CML) has reduced the rate of progression from chronic phase to advanced phase.1 As a consequence, at least 50% of deaths occur in patients in chronic phase, or in remission,2 raising concerns on the relationship of such deaths with the off-target effects of tyrosine kinase inhibitors.3 Although most of the attention is focused on cardiovascular adverse events,4 other malignancies are the most common cause of death in patients in chronic phase or in remission.2
Imatinib was the first tyrosine kinase inhibitor developed for the treatment of CML and is the most extensively studied. However, it is still unclear whether its immunomodulatory properties115 may affect anti-cancer immune surveillance in the long-term, or whether its off-target activity may influence oncosuppressive pathways. Of note, regardless of the underlying mechanisms, neoplastic alterations have been described in multiple tissues of rats exposed to imatinib.12 Several studies, mainly referring to imatinib-treated patients, have investigated the risk of second primary malignancy (SPM) in CML,2013 with sometimes contrasting results. Indeed, in comparisons with the general population, some epidemiological studies of unselected CML patients reported higher incidences of SPM2118 while similar incidences were found in three large analyses of patients enrolled in clinical trials.201714
Moreover, it is still debated whether CML patients per se, regardless of the treatment used, might be at higher risk of SPM,2421 a condition that might be now unveiled by the increased survival of patients.
For all these reasons, it is important to retrieve additional data on the potential carcinogenic role of tyrosine kinase inhibitors,12 on the incidence of other malignancies, and on their outcome.2013
We report here on the malignancies observed in a cohort of 514 evaluable patients with newly diagnosed, chronic phase CML, treated first-line with imatinib in three multicenter national studies.
Methods
We performed a retrospective analysis of 559 patients enrolled in three prospective clinical trials with imatinib front-line in 62 Italian institutions of the Gruppo Italiano Malattie Ematologiche dell’Adulto (GIMEMA) CML Working Party. Detailed inclusion criteria have been published previously.2825 Briefly, patients were at least 18 years old, with a diagnosis of Philadelphia chromosome/BCR-ABL-positive CML in early chronic phase (6 months or less from diagnosis to starting imatinib; only hydroxyurea allowed). All the patients provided written informed consent before enrollment. The studies were reviewed and approved by the Internal Review Board of all the participating Institutions, and performed in accordance with the Declaration of Helsinki. For the purpose of the present analysis, a specific survey was conducted in all Centers with a request to review the clinical records of all the enrolled patients. Overall, 52/62 (84%) Institutions replied to the survey, and each Center reported on all its patients; overall, data were collected on 514/559 (92%) patients, 309 (60%) males and 205 (40%) females. Detailed data on all malignancies, prior to and after the diagnosis of CML, were collected, including: site, histology type, date of diagnosis, therapy (surgery, chemotherapy, radiotherapy, other), and outcome. Cancers were classified according to the International Classification of Diseases, version 10 (ICD-10). We excluded non-melanoma skin cancers (ICD-10: C-44) from the analysis, because of the possible under-reporting of such neoplasms, and acute leukemias/myelodysplastic syndromes, considering their possible relationship with CML.
Prior malignancies were defined as malignancies diagnosed before CML, other malignancies denote all malignancies, including relapses of prior malignancies, diagnosed after CML. SPM, the focus of this analysis, are de novo malignancies diagnosed after CML (thus excluding relapses of prior malignancies).
Descriptive statistics were used for SPM incidence and mortality. Means were compared with the t-test and frequencies with the χ test or Fisher exact test, as appropriate. Cumulative incidences and survival curves were estimated according to the Kaplan-Meier method. For comparison with the general population, we calculated the standardized incidence ratio (SIR) and standardized mortality ratio (SMR), which are based on the ratio between observed cases and expected cases in the general reference population in the same period, matched by sex and age (5-year age classes were considered). We reported the overall ratios (for subjects aged 20–84 years), rather than those for specific age subgroups, to avoid selection biases.
Data on cancer incidence and mortality in the general Italian population were taken in March 2016 from the AIRTUM (Associazione Italiana Registri TUMori) database ITACAN (AIRTUM ITACAN: Tumori in Italia, Versione 2.0; http://www.registri-tumori.it), which covers 51% of the Italian general population, and reports cancer incidence and mortality rates derived from real, observed cancer cases. Times to events (patient-years) were calculated from the date of diagnosis of CML to the date of diagnosis of the SPM, death, or last contact, whichever came first, for incidence; and to the date of death or last contact, for mortality.
Results
Patients
Data from 514 patients, 309 (60%) males and 205 (40%) females, were analyzed. The median age at CML diagnosis was 52 (range, 18–84) years. The median follow-up from diagnosis of CML to death, or last contact, whichever came first, was 74 (range, 3–99) months. The total patient-years for the incidence calculation were 3011.1 (males and females: 1806.3 and 1204.8 patient-years, respectively). The total patient-years for the mortality calculation were 3077.7 (males and females: 1849.4 and 1228.3 patient-years, respectively). The characteristics of the whole cohort of patients and of patients with or without SPM are summarized in Table 1; age at CML diagnosis was significantly higher in patients with SPM than in patients without SPM (60 and 51 years, respectively; P=0.002).
[image: ]

Table 1.Characteristics of the patients at diagnosis of chronic myeloid leukemia.
Malignancies in the follow-up
Overall, other malignancies were observed in 35/514 (6.8%) patients (Tables 2 and 3). Four patients had a relapse of a malignancy diagnosed before CML (2 bladder cancers, 1 renal cancer, and 1 breast cancer), and another patient developed multiple myeloma from a pre-existing monoclonal gammopathy of undetermined significance. SPM were, therefore, diagnosed in 30/514 (5.8%) patients (17/309 males, 5.5%; 13/205, 6.2%, females). The estimated 7-year cumulative incidence of SPM was 6.3% and 8.5% in males and females, respectively (Figure 1A). In these patients, the median time from CML diagnosis to SPM diagnosis was 34 (range, 3–80) months, and the median age at SPM diagnosis was 65 (range, 38–79) years. The most frequent SPM were colon cancers (n=4), prostate cancers (n=3), breast cancers (n=2), central nervous system cancers (n=2), pancreatic cancers (n=2), liver cancers (n=2), non-Hodgkin lymphomas (n=2), and thyroid cancers (n=2). No difference in the incidence of SPM was observed between patients initially treated with high-dose imatinib (800 mg) versus standard-dose imatinib (400 mg): 9/126 (7.1%) versus 21/388 (5.4%), respectively (P=0.51); moreover, no patient with SPM received treatment with second-generation tyrosine kinase inhibitors or underwent allogeneic stem cell transplantation. At the time of SPM diagnosis, all patients were in complete hematologic remission, 28/30 were in complete cytogenetic remission and 27/30 had a major molecular response.
[image: ]

Table 2.Malignancies observed in the follow-up and related mortality.
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Table 3.Details of malignancies observed during the follow-up of patients with chronic myeloid leukemia.
[image: ]

Figure 1.Cumulative incidence of second primary malignancies and overall survival of patients with or without second primary malignancies. (A) Cumulative incidence of SPM in 514 patients (309 males; 205 females); the estimated 7-year cumulative incidence was 6.3% and 8.5% in males and females, respectively; (B) Overall survival (OS) from CML diagnosis: 7-year OS was 43.6% in patients with SPM (n=30) and 89.9% in patients without SPM (n=484); P<0.001. (C) OS from SPM diagnosis (n=30): the median OS was 18 months, and the estimated 4-year OS was 42.3%
Other malignancies were the second cause of death in this cohort (19/514; 3.7%), while death from progression of CML to advanced phase was the first cause (25/514; 4.8%). As expected, patients who developed a SPM had a significantly lower overall survival rate compared to patients without a SPM (7-year overall survival: 43.6% versus 89.9%; P<0.001; Figure 1B). In detail, considering only the patients with SPM, 16/30 (53%) died because of the SPM. The median overall survival after diagnosis of the SPM was 18 months (Figure 1C) and the median age at death of patients with these malignancies was 66 (range, 53–84) years. All four patients with colon cancer died within 2 years of diagnosis (after 1, 5, 6, and 24 months).
Comparison with the general population
We then compared the incidence of SPM, and the related mortality, with that reported in the Italian general population, matched by sex and age (Table 4).
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Table 4.Second primary malignancies: comparison of incidence and mortality with those in the Italian general population, matched by sex and age*.
In Italy, the standardized incidence of malignancy between 20 and 84 years of age is 7.6/1.000 and 5.2/1.000 person-years in males and females, respectively. In males, we observed 17 SPM, and the SIR was 1.06 [95% confidence interval (CI): 0.57 – 1.54]. In females, we observed 13 SPM, which resulted in a SIR of 1.61 (95% CI: 0.92 – 2.31).
In Italy, the standardized mortality for malignancy between 20 and 84 years of age is 3.5/1.000 and 1.9/1.000 person-years in males and females, respectively. In our cohort, 9/309 (2.9%) males died of a SPM, and the SMR was 1.26 (95% CI: 0.53 – 1.99); 7/205 (3.4%) females died of a SPM, resulting in a statistically significantly higher SMR (2.41; 95% CI: 1.26 – 3.56).
Discussion
The assessment of SPM risk is particularly complex: large cohorts of patients, long follow-up, accurate and comprehensive data collection, and a proper reference population are required for a good estimation of the risk. In this context, the analysis of both clinical trials and epidemiological registries, although with distinct drawbacks, provides essential information.
In our cohort of 514 patients with chronic phase CML treated in clinical trials with front-line imatinib, with a median follow-up of 74 months, 30 (5.8%) patients had a SPM. A higher age at CML diagnosis was the only baseline factor significantly associated with SPM; reasonably, it justifies the higher proportion of intermediate-Sokal risk patients observed in this group. Of note, no CML-related characteristic was linked to the occurrence of SPM.
The incidence of SPM among patients with chronic phase CML was not significantly increased compared to that in the age- and sex-matched Italian population. These data confirm the main findings of three large analyses of CML patients treated with tyrosine kinase inhibitors in clinical trials (German CML study IV,20 MD Anderson Cancer Center trial,17 and Novartis global database14) in which the overall incidence of SPM was similar to that of the general population. Of note, this conclusion was consistent despite the important differences of these studies regarding patients’ characteristics (including epidemiological aspects), treatments received, and follow-up. Two of these analyses found higher SIR for some cancers types: non-Hodgkin lymphomas in the German CML study IV;20 melanoma, kidney and endocrine tumors in the MD Anderson Cancer Center analysis.17 Unfortunately, in our study, the relatively low number and the heterogeneity of the malignancies observed precluded a proper evaluation of the SIR for different types of cancer.
In contrast to these data, analysis of the epidemiological CML Swedish Registry on 868 unselected CML patients treated with tyrosine kinase inhibitors18 showed an overall increased SIR for other malignancies (1.52; 95% CI: 1.13 – 1.99); the SIR maintained a statistical significance in females (1.81; 95% CI: 1.18 – 2.66). It is worth noting that we observed a trend for an increased SIR in females (1.6; lower 95% CI: 0.92).
In our study, progression of CML to advanced phase and other malignancies were the most common causes of death (4.8 and 3.7%, respectively). The death rate in patients with SPM was particularly high (53%), with a relatively short median overall survival (18 months from diagnosis of the SPM). Of note, in females, the mortality from SPM was significantly superior to that expected in the Italian age-matched female population, with a SMR of 2.41 (95% CI: 1.26 – 3.56).
Despite the limitations due to the small number of patients, some factors favoring the high mortality observed for SPM can be hypothesized. For example, the therapeutic approach to SPM in patients with CML may be less intensive (6/30 patients received only palliative care) or the biological behavior of the SPM may be more aggressive, as a consequence of CML itself, or because of imatinib. With regards to the latter point, it should be remembered that in a breast cancer model in mice, treatment with imatinib was associated with an increased malignant behavior compared to control conditons.29 Moreover, tyrosine kinase inhibitors could enhance, or facilitate, the progression of SPM through the inhibition of ABL, which is a downstream effector of the epinephrine receptors that might have a tumor-suppressor role in breast, prostate, and colorectal cancers3230 (interestingly, all our patients with a colon cancer died) or through impairment of the immune system,116 potentially affecting anti-tumor surveillance. An in-depth evaluation of immunological mechanisms might be particularly intriguing in view of the potential use of new molecules enhancing the immune system against cancer.
In conclusion, the prevalence of CML is increasing steadily and this, together with the aging of patients, means that the number of subjects at risk of developing SPM is increasing. However, the fact that an increased incidence was not detectable in the majority of the cohorts analyzed so far does not support the fear that chronic treatment with tyrosine kinase inhibitors, in particular imatinib, cause more SPM compared to those occurring in the general population. Despite these reassuring results, large studies with a long follow-up (e.g. using data from CML registries) are warranted to properly investigate the incidence of specific types of SPM, and to fully address mortality due to SPM. This could help to improve patients’ management through early diagnosis of SPM and treatment optimization in conjunction with oncologists. Furthermore, the comparison of the incidence of SPM (and their outcomes) in patients treated with different tyrosine kinase inhibitors may provide important clues on the potential role of each inhibitor.
Acknowledgments
This study was supported by GIMEMA Onlus, BolognAIL and European LeukemiaNet (LSHC-CT-2004-503216). We thank Michela Apolinari and Miriam Fogli for the data management.
Footnotes
	Check the online version for the most updated information on this article, online supplements, and information on authorship & disclosures: www.haematologica.org/content/102/9/1530


	Received March 31, 2017.
	Accepted May 31, 2017.

References
	Apperley JF. Chronic myeloid leukaemia. Lancet. 2015; 385(9976):1447-1459. PubMedhttps://doi.org/10.1016/S0140-6736(13)62120-0Google Scholar

	Pfirrmann M, Baccarani M, Saussele S. Prognosis of long-term survival considering disease-specific death in patients with chronic myeloid leukemia. Leukemia. 2016; 30(1):48-56. PubMedhttps://doi.org/10.1038/leu.2015.261Google Scholar

	Steegmann JL, Cervantes F, le Coutre P, Porkka K, Saglio G. Off-target effects of BCR-ABL1 inhibitors and their potential long-term implications in patients with chronic myeloid leukemia. Leuk Lymphoma. 2012; 53(12):2351-2361. PubMedhttps://doi.org/10.3109/10428194.2012.695779Google Scholar

	Moslehi JJ, Deininger M. Tyrosine kinase Inhibitor-associated cardiovascular toxicity in chronic myeloid leukemia. J Clin Oncol. 2015; 33(35):4210-4218. PubMedhttps://doi.org/10.1200/JCO.2015.62.4718Google Scholar

	Steegmann JL, Baccarani M, Breccia M. European LeukemiaNet recommendations for the management and avoidance of adverse events of treatment in chronic myeloid leukaemia. Leukemia. 2016; 30(8):1648-1671. Google Scholar

	Cwynarski K, Laylor R, Macchiarulo E. Imatinib inhibits the activation and proliferation of normal T lymphocytes in vitro. Leukemia. 2004; 18(8):1332-1339. PubMedhttps://doi.org/10.1038/sj.leu.2403401Google Scholar

	Dietz AB, Souan L, Knutson GJ, Bulur PA, Litzow MR, Vuk-Pavlovic S. Imatinib mesylate inhibits T-cell proliferation in vitro and delayed-type hypersensitivity in vivo. Blood. 2004; 104(4):1094-1099. PubMedhttps://doi.org/10.1182/blood-2003-12-4266Google Scholar

	Gao H, Lee BN, Talpaz M. Imatinib mesylate suppresses cytokine synthesis by activated CD4 T cells of patients with chronic myelogenous leukemia. Leukemia. 2005; 19(11):1905-1911. PubMedhttps://doi.org/10.1038/sj.leu.2403933Google Scholar

	Steegmann JL, Moreno G, Alaez C. Chronic myeloid leukemia patients resistant to or intolerant of interferon alpha and subsequently treated with imatinib show reduced immunoglobulin levels and hypogammaglobulinemia. Haematologica. 2003; 88(7):762-768. PubMedGoogle Scholar

	Appel S, Balabanov S, Brummendorf TH, Brossart P. Effects of imatinib on normal hematopoiesis and immune activation. Stem Cells. 2005; 23(8):1082-1088. PubMedhttps://doi.org/10.1634/stemcells.2005-0069Google Scholar

	Leder C, Ortler S, Seggewiss R, Einsele H, Wiendl H. Modulation of T-effector function by imatinib at the level of cytokine secretion. Exp Hematol. 2007; 35(8):1266-1271. PubMedhttps://doi.org/10.1016/j.exphem.2007.04.016Google Scholar

	 Glivec: EPAR - product information. 2015. Google Scholar

	Roy L, Guilhot J, Martineau G, Larchee R, Guilhot F. Unexpected occurrence of second malignancies in patients treated with interferon followed by imatinib mesylate for chronic myelogenous leukemia. Leukemia. 2005; 19(9):1689-1692. PubMedhttps://doi.org/10.1038/sj.leu.2403874Google Scholar

	Pilot PR, Sablinska K, Owen S, Hatfield A. Epidemiological analysis of second primary malignancies in more than 9500 patients treated with imatinib. Leukemia. 2006; 20(1):148. PubMedhttps://doi.org/10.1038/sj.leu.2404025Google Scholar

	Roy L, Guilhot J, Martineau G, Guilhot F. Reply to ‘Epidemiological analysis of second primary malignancies in more than 9500 patients treated with imatinib’ by Pilot et al. Leukemia. 2006; 20(1):149. PubMedGoogle Scholar

	Voglova J, Muzik J, Faber E. Incidence of second malignancies during treatment of chronic myeloid leukemia with tyrosine kinase inhibitors in the Czech Republic and Slovakia. Neoplasma. 2011; 58(3):256-262. PubMedGoogle Scholar

	Verma D, Kantarjian H, Strom SS. Malignancies occurring during therapy with tyrosine kinase inhibitors (TKIs) for chronic myeloid leukemia (CML) and other hematologic malignancies. Blood. 2011; 118(16):4353-4358. PubMedhttps://doi.org/10.1182/blood-2011-06-362889Google Scholar

	Gunnarsson N, Stenke L, Hoglund M. Second malignancies following treatment of chronic myeloid leukaemia in the tyrosine kinase inhibitor era. Br J Haematol. 2015; 169(5):683-688. PubMedhttps://doi.org/10.1111/bjh.13346Google Scholar

	Gambacorti-Passerini C, Antolini L, Mahon FX. Multicenter independent assessment of outcomes in chronic myeloid leukemia patients treated with imatinib. J Natl Cancer Inst. 2011; 103(7):553-561. PubMedhttps://doi.org/10.1093/jnci/djr060Google Scholar

	Miranda MB, Lauseker M, Kraus MP. Secondary malignancies in chronic myeloid leukemia patients after imatinib-based treatment: long-term observation in CML Study IV. Leukemia. 2016; 30(6):1255-1262. Google Scholar

	Shah BK, Ghimire KB. Second primary malignancies in chronic myeloid leukemia. Indian J Hematol Blood Transfus. 2014; 30(4):236-240. PubMedhttps://doi.org/10.1007/s12288-013-0328-2Google Scholar

	Curtis RE, Freedman DM, Ron E. New malignancies among cancer survivors: SEER cancer registries, 1973–2000. National Cancer Institute: Bethesda, MD; 2006. Google Scholar

	Rebora P, Czene K, Antolini L, Gambacorti Passerini C, Reilly M, Valsecchi MG. Are chronic myeloid leukemia patients more at risk for second malignancies? A population-based study. Am J Epidemiol. 2010; 172(9):1028-1033. PubMedhttps://doi.org/10.1093/aje/kwq262Google Scholar

	Frederiksen H, Farkas DK, Christiansen CF, Hasselbalch HC, Sorensen HT. Chronic myeloproliferative neoplasms and subsequent cancer risk: a Danish population-based cohort study. Blood. 2011; 118(25):6515-6520. PubMedhttps://doi.org/10.1182/blood-2011-04-348755Google Scholar

	Gugliotta G, Castagnetti F, Palandri F. Frontline imatinib treatment of chronic myeloid leukemia: no impact of age on outcome, a survey by the GIMEMA CML Working Party. Blood. 2011; 117(21):5591-5599. PubMedhttps://doi.org/10.1182/blood-2010-12-324228Google Scholar

	Castagnetti F, Gugliotta G, Breccia M. Long-term outcome of chronic myeloid leukemia patients treated frontline with imatinib. Leukemia. 2015; 29(9):1823-1831. PubMedhttps://doi.org/10.1038/leu.2015.152Google Scholar

	Castagnetti F, Palandri F, Amabile M. Results of high-dose imatinib mesylate in intermediate Sokal risk chronic myeloid leukemia patients in early chronic phase: a phase 2 trial of the GIMEMA CML Working Party. Blood. 2009; 113(15):3428-3434. PubMedhttps://doi.org/10.1182/blood-2007-08-103499Google Scholar

	Baccarani M, Rosti G, Castagnetti F. Comparison of imatinib 400 mg and 800 mg daily in the front-line treatment of high-risk, Philadelphia-positive chronic myeloid leukemia: a European LeukemiaNet Study. Blood. 2009; 113(19):4497-4504. PubMedhttps://doi.org/10.1182/blood-2008-12-191254Google Scholar

	Rappa G, Anzanello F, Lorico A. Imatinib mesylate enhances the malignant behavior of human breast carcinoma cells. Cancer Chemother Pharmacol. 2011; 67(4):919-926. PubMedGoogle Scholar

	Noren NK, Foos G, Hauser CA, Pasquale EB. The EphB4 receptor suppresses breast cancer cell tumorigenicity through an Abl-Crk pathway. Nat Cell Biol. 2006; 8(8):815-825. PubMedhttps://doi.org/10.1038/ncb1438Google Scholar

	Dopeso H, Mateo-Lozano S, Mazzolini R. The receptor tyrosine kinase EPHB4 has tumor suppressor activities in intestinal tumorigenesis. Cancer Res. 2009; 69(18):7430-7438. PubMedhttps://doi.org/10.1158/0008-5472.CAN-09-0706Google Scholar

	Pasquale EB. Eph receptors and ephrins in cancer: bidirectional signalling and beyond. Nat Rev Cancer. 2010; 10(3):165-180. PubMedhttps://doi.org/10.1038/nrc2806Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2017_169532-Disclosures_and_Contributions.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 102 No. 9 (2017): September, 2017 : Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2017.169532
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        28572163
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC5685244
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2017-09-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        1465

    

    
        PDF Downloads

        655

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Gabriele Gugliotta, Fausto Castagnetti, Massimo Breccia, Francesco Albano, Alessandra Iurlo, Tamara Intermesoli, Elisabetta Abruzzese, Luciano Levato, Mariella D’Adda, Patrizia Pregno, Francesco Cavazzini, Fabio Stagno, Bruno Martino, Gaetano La Barba, Federica Sorà, Mario Tiribelli, Catia Bigazzi, Gianni Binotto, Massimiliano Bonifacio, Clementina Caracciolo, Simona Soverini, Robin Foà, Michele Cavo, Giovanni Martinelli, Fabrizio Pane, Giuseppe Saglio, Michele Baccarani, Gianantonio Rosti. Incidence of second primary malignancies and related mortality in patients with imatinib-treated chronic myeloid leukemia. Haematologica 2017;102(9):1530-1536; https://doi.org/10.3324/haematol.2017.169532.





                

                

                
                
  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
 





				

			                        

        

    

   
















 

