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Condensed abstract: Patients with myeloproliferative neoplasms (MPN) with <3 prior therapies, those who lack complex karyotype and those <60 at MPN diagnosis have longer survival following blastic transformation. Further, allogeneic transplantation represents the only chance for long-term survival in these patients.
Abstract

Background: Blastic transformation of myeloproliferative neoplasms (MPN) is still poorly understood. Methods: We describe a cohort of 23 Roswell Park Cancer Institute (RPCI) patients and 89 additional cases from the English literature for whom biologic features were described. Results: We initially compared our 23 patients to the 89 cases from the literature. Our population had significantly less patients with prior history of polycythemia vera (PV), shorter time from MPN diagnosis to blastic transformation, <3 prior therapies, more frequent use of hydroxyurea and erythropoietin and less frequent use of alkylating agents. Interestingly, the overall survival of the two cohorts from the time of blastic transformation was similar. We therefore looked at the outcome of the entire cohort (n=112). Patients with prior history of essential thrombocythemia survived longer than patients with prior history of myelofibrosis or PV. Further, patients with <3 prior therapies, those who lacked complex karyotype and those <60 year old at MPN diagnosis had significantly longer survival. Among the PRCI population, 20/23 patients underwent induction treatment with cytarabine and an anthracycline containing regimens; 12 achieved remission and their overall survival was significantly longer than those who did not. Three patients underwent an allogeneic transplantation and their survival was significantly longer than those who did not. Conclusions: Patients with <3 prior therapies, those who lack complex karyotype and those <60 at MPN diagnosis have longer survival following blastic transformation. Finally, allogeneic transplantation represents the only chance for long-term survival in these patients. 

 
Introduction 

Myeloproliferative neoplasms (MPNs) represent clonal hematologic diseases characterized by excess production of one or more lineages of mature blood cells, a predisposition to bleeding and thrombotic complications, extramedullary hemotopoiesis and a variable progression to leukemia.1 They constitute of polycythemia vera (PV), characterized by an expansion in red blood cell production; essential thrombocythemia (ET), characterized by an isolated elevation in the platelet count; and myelofibrosis (MF), distinguished by a fibrotic bone marrow and peripheral cytopenia and accompanied by higher risk of leukemic transformation. Myelofibrosis can arise de novo, as primary MF (PMF) or can evolve out of PV or ET as those diseases progress (so called post-PV MF and Post-ET MF or secondary MF, SMF). MPNs are known to transform into acute leukemia in approximately 4-6% of the patients.


2-4 ADDIN EN.CITE  Such a transformation is associated with very poor outcome.
A major breakthrough in our understanding of the pathophysiology of MPNs occurred when four groups described a recurrent somatic mutation in the Janus Activated Kinase 2 (JAK2) in the majority of MPN patients.


5-8 ADDIN EN.CITE  The point mutation in JAK2 encodes a valine to phenylalanine change at position 617 (JAK2V617F) and confers constitutive tyrosine kinase activity. Introducing the mutation into the bone marrow of mouse models recapitulates the PV phenotype
 ADDIN EN.CITE 
9, 10
 and JAK2 inhibitors attenuate the growth of cell lines bearing the mutation in vitro and in vivo,


11 ADDIN EN.CITE  suggesting that JAK2V617F is a pathophysiologically relevant target. It is estimated that 95% of PV cases carry the JAK2V617F, while 50-60% of ET and MF cases are JAK2V617F positive.


5-8 ADDIN EN.CITE  Recently, several groups


12-16 ADDIN EN.CITE  have shown that approximately half of the cases with secondary acute leukemia following JAK2-positive MPN continue to carry the JAK2 mutation. It suggests that in some of the cases, acute leukemia arose from another clone. In that regard, JAK2T875N was recently described as a novel mutation that results in MPN with features of megakaryoblastic leukemia in murine bone marrow model,


17 ADDIN EN.CITE  and MPLW515L/K was found as novel somatic activating mutation in some MF cases.


18 ADDIN EN.CITE  However, the pathogenesis of the blastic transformation in MPNs remains poorly understood.


4 ADDIN EN.CITE  
It is known that blastic transformation can be related to the use of alkylating agents, radiation or other types of DNA damaging chemotherapy drugs used during the chronic phase in some patients;


19 ADDIN EN.CITE  those agents are now rarely used in MPN treatment. To gain more insight into the evolution, risk factors playing role in blastic transformation and treatment outcome of patients developing blastic transformation from classic MPN, we analyzed 89 case reports from the English literature along with 23 patients from Roswell Park Cancer Institute (RPCI). 

 

Methods
Patients
We reviewed the English literature to find 89 cases with leukemic transformation from MPN on whom biologic features were described and 23 patients from RPCI. Patients were confirmed to have PV, ET, primary MF, SMF or MPN-unclassified (MPN-U) according to the World Health Organization criteria.1 Blast phase was defined as persistent elevation in peripheral blood or bone marrow blasts of ≥20%.


20 ADDIN EN.CITE  RPCI’s Scientific Review Committee and Institutional Review Board approved this study.
Therapy was classified as acute myeloid leukemia (AML) induction if the intended regimen had an expected toxicity equal to or greater than that of an anthracycline (e.g., daunorubicin at 60 mg/m2) and standard dose cytosine arabinoside (100 mg/m2) chemotherapy given in a “7+3” fashion. Three patients underwent allogeneic stem cell transplantation (SCT) in addition to chemotherapy. All other patients, including those receiving hydroxyurea for suppression of peripheral blood counts, were considered to have received supportive care only. Blast phase response was classified using the AML established criteria21 with major response categories being complete remission (CR) and complete remission with incomplete count recovery (CRi).  Patients in CR/CRi were allowed to have persistent features of MPN provided the blast percentage and peripheral blood parameters satisfied the AML CR/CRi criteria. 
Polymerase Chain Reaction (PCR)
Where available, bone marrow or peripheral blood specimens were tested for JAK2V617F, JAK2T875N and MPLW515L/K mutations. The primers which were utilized for genomic PCR and sequencing were:  JAK2V617F, forward, 5’TGAAGCAGCAAGTATGATGAGC3’ and reverse, 5’ACCTAGCTGTGATCCTGAAACTG3’; JAK2T875N, forward, 5’GGTAATTTTGGGAGTGTGGAGA3’, AND REVERSE, 5’AGCTTACCAGCACTGTAGCACAC3’; MPLW515L/K, forward, 5’AAGTCTGACCCTTTTTGTCTCCT3’, reverse, 5’GAGGTGACGTGCAGGAAGTGG3’.  PCR was conducted as previously described.


22 ADDIN EN.CITE   
Sequencing
Applied Biosystems BigDye Terminator v3.1 (Foster City, CA) was used for directly sequencing the PCR products by our Core Facility. 

Cytogenetics

The number of cytogenetic aberrations present in each karyotype was scored according to the International Working Group on MDS Cytogenetics (IWGMC) consensus guidelines.23 
Statistical Analyses
Descriptive statistics such as frequencies and relative frequencies were computed for categorical variables. Numeric variables were summarized using simple descriptive statistics such as the mean, standard deviation, range, etc. Fisher’s exact test was used to study the association between categorical variables. The Wilcoxon rank sum test was used to compare the groups in regards to numeric variables. Estimation of the overall survival distributions was done using the Kaplan-Meier method. Using this distributed estimate, summary descriptive statistics such as the median survival were obtained. Statistical assessment of observed differences in the survival distributions of different groups of interest was done using the log-rank test. Cox proportional hazards model was used to assess the effect of study variables on survival for multivariate analyses. A 0.05 nominal significance level was used in all testing. All statistical analyses were done using SAS (version 9.1).      

Results
We describe a cohort of 23 patients from RPCI and discuss 89 additional cases


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
24-50
 from the English literature for whom biologic features were described. We initially compared our 23 patients to the 89 cases from the literature (Table 1). Our population had significantly less patients with prior history of PV, shorter time from MPN diagnosis to blastic transformation, <3 prior therapies, more frequent use of hydroxyurea, less frequent use of alkylating agents and more frequent use of erythropoietin. Also, detection of normal karyotype at the time of blastic transformation was more common in the RPCI population. The two populations did not differ in regards to age at diagnosis of MPN or blastic transformation, gender, prior use of interferon or karyotype aberrations. Interestingly, the overall survival of the two cohorts from the time of blastic transformation was similar and poor (Figure 1A). We therefore looked at the outcome of the entire cohort (n=112) (Table 2). Patients with prior history of ET survived longer than patients with prior history of MF or PV. Further, patients with <3 prior therapies had significantly longer survival (Figure 1B). Finally, patients with complex karyotype had significantly shorter survival (Figure 1C) and patients (60 years of age at the time of MPN diagnosis had significantly shorter survival (Figure 1D). None maintained their significance in multivariate analyses. No difference in survival was detected based on time from MPN diagnosis to blastic transformation, prior hydroxyurea treatment, prior alkylating agents, erythropoietin, or interferon, or presence of non-complex karyotype aberrations. 

We then evaluated the treatment response among the PRCI patients (n=23) (Table 3). A total of 20/23 patients underwent induction treatment with cytarabine and an anthracycline containing regimens; 12 achieved remission and eight did not. The overall survival of those achieving remission was significantly longer than those who did not. Three patients underwent an allogeneic SCT and their survival was significantly longer that those who did not.  

Samples were available for eight of the patients at disease transformation; JAK2V617F was detected in two and none had JAK2T875N or MPL515L/K. In summary, patients with <3 prior therapies, those who lacked of complex karyotype and those <60 at time of MPN diagnosis, had longer survival following blastic transformation. Finally, allogeneic SCT represents the only chance for long-term survival in these patients.   
 

Discussion 

The overall survival of the two cohorts (both RPCI and data from the literature) was poor (4.6 and 3 months). These results are similar to four other
 ADDIN EN.CITE 
2-4, 16
 single institution studies encompassing 13, 23, 74 and 91 patients. However, in our population, survival from blastic transformation differed significantly based on the type of primary MPN diagnosis, the number of therapies for MPN disease and the presence of complex karyotype while in one series only the type of primary MPN affected survival3 and in the other


16 ADDIN EN.CITE  only karyotype affected survival. Reasons for the heterogeneity could be differing criteria for MPN diagnosis over the years, variety in the yield of successful karyotype analysis and incorporating these results into prognostic models. 

The controversy whether blastic transformation is a sequela of therapy, natural progression of the disease or a combination of the two
 ADDIN EN.CITE 
51
 continues. However, two recent prognostic models
 ADDIN EN.CITE 
52, 53
 to predict death in patients with PMF did not include prior therapies suggesting that blastic transformation, most probably, represents natural disease progression. 

Similar to our study, chemo-sensitivity at the blastic phase, resulting in improved survival, was described by one additional study


16 ADDIN EN.CITE  but not in two others.
 ADDIN EN.CITE 
2, 4
 This difference may be related to the type of chemotherapy used. Further, superior survival with allogeneic SCT was noted in one study


16 ADDIN EN.CITE  as was noted in our series. However, even after SCT, the outcome of these patients is suboptimal and therefore SCT should be offered before the disease progresses to the blastic phase, based on the prognostic models mentioned above. 

The role of JAK2 and MPL mutations in disease progression is unclear. In the other series


16 ADDIN EN.CITE  and our work, some patients kept their JAK2 and MPL mutations, others gained those while some lost these previously detected mutations, to suggest a minimal role in disease progression. Other mutations detected in blastic transformation include TET2, ASXL1 and IDH1.
 ADDIN EN.CITE 
54
 Their role in the pathogenesis and leukemic transformation needs to be further clarified. 
Despite the unclear role of JAK2 mutation in the leukemic transformation, it is of interest that the selective JAK1 and JAK2 inhibitor, INCB018424, demonstrated some single agent activity in relapsed/refractory patients with leukemic transformation of myelofibrosis.55 

Karyotype aberrations are the most important pretreatment prognostic markers in AML. Specific aberrations are more commonly associated with MPN and its blastic transformation. The most frequent changes are del(20q), del(13q), trisomy 8 and 9 and abnormalities of chromosome 1,56 including 1q21→1q32 and 1p11→13.57 Our analysis revealed that only complex karyotype affected outcome. The occurrence of complex karyotype in this population may be related to prior use of chemotherapy.56 
In conclusion, patients with <3 prior therapies, those who lack complex karyotype and those <60 year old at time of MPN diagnosis have longer survival following blastic transformation. However, the outcome of patients following MPN transformation is poor and attempts should concentrate on early identification of patients at risk for disease progression. If the patients’ disease undergoes transformation, allogeneic SCT for the eligible patient should be considered while searching for novel therapeutic agents, alone or in combination, continues. 
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Figure Legends:

Figure 1A: Overall survival of the 112 cases.

Figure 1B: Overall survival by number of prior treatments (<3 and ≥3) in the 112 cases

Figure 1C: Overall survival by presence or absence of complex karyotype in the 112 cases

Figure 1D: Overall survival by age for the 112 cases
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