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Abstract 

Philadelphia-chromosome negative (Ph-neg) myeloproliferative neoplasms (MPNs) are 

hematopoietic stem disorders with a risk of progression to the accelerated-phase (AP) or blast-

phase (BP) that is influenced by clinical, pathologic, cytogenetic, and molecular variables. 

Overall survival is limited in MPN-AP/BP with current treatment approaches, particularly in those 

patients that cannot receive an allogeneic hematopoietic stem cell transplant (allo-HCT). In 

addition, long-term survival with allo-HCT is predominantly seen in chronic-phase MPNs which 

suggests that the ideal time for intervention may be before MPNs evolve to AP/BP. Over the 

course of this review we will focus on the risk factors for progression to MPN-AP/BP, 

identification of high-risk chronic-phase MPNs, potential early-intervention strategies, and 

considerations around the timing of allo-HCT. We will also summarize current survival outcomes 

in MPN-AP/BP, discuss the uncertainty around how to best gauge response to therapy, and 

outline clinical trial considerations for this patient population. Lastly, we will highlight future 

directions in the management of high-risk MPNs.  



Introduction 

Philadelphia chromosome negative (Ph-neg) myeloproliferative neoplasms (MPNs) are clonal 

hematopoietic stem cell disorders characterized by JAK/STAT pathway activation that carry a 

variable risk of progression to an accelerated (10-19% blasts) or blast-phase (≥20% blasts) of 

disease (MPN-AP/BP)1,2. This risk is impacted by a number of factors including disease 

phenotype, clinical factors, cytogenetics, and presence of somatic mutations3,4. Median overall 

survival is less than 6 months in MPN-BP with durable remissions typically only seen in patients 

that undergo allogeneic hematopoietic stem cell transplantation (allo-HCT)5. Of note, the 

presence of ≥5% blasts in the bone marrow or peripheral blood is associated with limited OS 

and may be indicative of a disease in evolution to MPN-AP and therefore treated similarly6,7. 

 

Historical outcomes with intensive chemotherapy in MPN-BP have been quite poor with median 

overall survival ranging from 4-9 months8–10. While there have been therapeutic advances in the 

treatment of acute myeloid leukemia (AML) over the last several years, these have not 

translated into the same sort of advancement for MPN-AP/BP. A retrospective analysis of 

outcomes in patients with MPN-AP/BP that were diagnosed in 2017 or later demonstrated a 

median OS of under 12 months even with increased use of AML-directed therapies that have 

been approved11. Furthermore, MPN-AP/BP is a molecularly and morphologically distinct 

disease from de novo AML12–16. Treatment with venetoclax (VEN) based regimens has 

demonstrated a median OS of 4-8 months in MPN-AP/BP17–20; this may be in part due to the 

dependence on BCL-XL rather than BCL-2 noted in this disease and the prevalence of TP53 

alterations (which is associated with inferior outcomes in de novo AML as well)21–24. Given the 

role of JAK inhibitors in chronic-phase MPNs, prospective studies of ruxolitinib-containing 

regimens have been pursued but there have been similarly limited survival outcomes25–27. One 

promising approach may be IDH inhibition given the relative enrichment of IDH1 and IDH2 

mutations in MPN-AP/BP; retrospective studies have demonstrated durable remissions with IDH 

inhibitors although median OS still ranged from 10-15 months28–30. Table 1 summarizes the 

outcomes of patients treated with these strategies. 

 



While improving the therapeutic armamentarium for MPN-AP/BP is a critical part of advancing 

care, there are a number of considerations in the management of high-risk MPNs that need to 

be addressed ranging from the time of intervention to the development of well-validated 

response criteria. In this review article we aim to review the following: current prognostic tools 

available to identify patients at high risk of progression of MPN-AP/BP, the rationale for early 

intervention in patients with chronic-phase MPNs in an effort to reduce risk of progression, 

timing of allo-HCT in eligible candidates, development of response criteria that better capture 

the benefit of treatment in MPN-AP/BP, and considerations around trial design to investigate 

novel therapeutics in this space. 

 

Progression of Disease to MPN-AP/BP 

While a number of prognostic tools have been developed for primary myelofibrosis (PMF), 

currently there is no global risk stratification for chronic-phase MPNs that captures the risk of 

progression to MPN-AP/BP. Acquisition of high-risk mutations in the chronic-phase of disease 

are a key event in the progression of MPN but which mutations have prognostic impact varies 

across polycythemia vera (PV), essential thrombocythemia (ET), and PMF31. Table 2 

summarizes mutations associated with prognostic impact upon the development of MPN-BP. 

 

In PMF, the predominant influencers of survival outcomes are age, peripheral blood count 

abnormalities, and cytogenetics. Specific components have greater prognostic value regarding 

the development of MPN-BP. For example, development of the Dynamic International 

Prognostic System (DIPSS)-plus score identified thrombocytopenia and unfavorable karyotype 

as predictors of 10-year risk of MPN-BP32. More recent scores have incorporated high-risk 

molecular mutations as well which can aid in identification of high-risk patient populations. 

Individual mutations are also associated with inferior outcomes; these have been incorporated 

into the Mutation-Enhanced International Prognostic Score (MIPSS)70-plus; patients with a very 

high risk score had a 23% incidence of progression to MPN-BP33. A more recent analysis by 

Loscocco et al incorporated mutational status of CBL, NRAS, KRAS, RUNX1, and TP53 in 

conjunction with MIPSS-based prognostic scores; multivariate analysis demonstrated significant 



contribution from ASXL1, SRSF2, U2AF1 Q157, and EZH2 but not from IDH1, IDH2, TP53, 

CBL, NRAS, or KRAS34. This suggests that even with molecular scores that have been 

incorporated into clinical practice, we still have not fully identified the mutations that are truly 

high-risk in the context of PMF. Considerations around the timing of allo-HCT in the context of 

high-risk PMF mutations will be discussed in a later section. 

 

Prevention of progression to MPN-AP/BP by way of risk-assessment of PMF patients and 

referral for allo-HCT remains a cornerstone of therapeutic strategy. However, while the potential 

role of allo-HCT is well-established in PMF, it is less clear how to intervene in patients with PV 

and ET where there is considerable concern for disease progression. Typically strategies for 

both entities in the chronic phase center around reduction in thrombotic risk35   but with little 

emphasis on assessment (or treatment options) for disease evolution. In addition, the route of 

progression to MPN-AP/BP for PV and ET does not always have a fibrotic stage; an analysis by 

Paz et al of 49 patients that developed MPN-BP from underlying PV or ET noted that only 16% 

of those patients had secondary myelofibrosis (MF) prior to MPN-BP progression36. Time to 

MPN-BP development can be highly variable based on the mutational profile that is present; 

mutations in IDH1, IDH2, RUNX1, and U2AF1 are associated with shorter latency while TP53, 

NRAS, and BCORL1 mutations are associated with longer time to MPN-BP development36. 

Given the molecular heterogeneity seen in PV and ET that progresses to MPN-BP, therapeutic 

intervention that has an anti-clonal effect in the chronic phase may be a means of preventing 

disease progression. The MAJIC-PV trial was a randomized Phase II trial of ruxolitinib 

compared to best available therapy in patients with hydroxyurea-treated PV; the primary 

endpoint of complete response (CR) was met in the ruxolitinib arm. The study also analyzed 

outcomes based on molecular response, which was defined as a >50% reduction in JAK2 

V617F variant allele frequency (VAF). Achievement of a molecular response in patients treated 

with ruxolitinib was significantly associated with improved event-free survival (EFS) and OS37. 

Of note, those patients with concurrent ASXL1 mutations that received ruxolitinib were unlikely 

to achieve a molecular response37. The depth of molecular response also appears to have an 

impact on outcomes. Guglielmelli et al analyzed 75 JAK2-mutated patients PV or ET that 



received treatment with ruxolitinib and characterized JAK2 molecular response as complete 

(<0.01%), deep (<2%), or partial (50% reduction in VAF). In the 14 patients that achieved a 

complete or deep response, none had progression to MF or MPN-BP; on the other hand, all 3 

patients that had progression to MPN-BP had no molecular response38. Previous studies 

investigating the use of interferon in PV and ET have demonstrated the potential for achieving 

sustained molecular responses as well39–42. As such, clinical trials in ET and PV patients which 

focus on preventing clonal evolution and progression-free survival remain an area in need of 

further investigation43. 

 

In addition to the molecular drivers of disease progression, the inflammatory micro-environment 

present in chronic-phase MPNs is a key component of disease progression44. For example, 

Interleukin-8 (IL8) has been implicated in the progression of PMF to MPN-BP45. In addition, 

single-cell multi-omic analyses of MPN identified the contribution of chronic inflammation to 

providing an advantage to TP53-mutated cells and allowing for subsequent development of 

TP53-mutated MPN-BP46. The role of inflammation in myeloid disease progression goes beyond 

MPNs; inflammation in clonal hematopoiesis of indeterminate potential (CHIP) confers a 

selective advantage and clonal expansion that ultimately gives rise to overt myeloid 

malignancy47. Studies are investigating the role of anti-inflammatory therapies such as 

canakinumab in a variety of chronic myeloid diseases from CHIP to lower-risk MDS and chronic 

myelomonocytic leukemia, as well as MPN (NCT05641831, NCT04239157, NCT05467800) - 

whether such strategies alter clonal progression remains to be determined.  

 

Allo-HCT in high-risk MPNs 

When patients with chronic-phase MPN enter the fibrotic stage of disease, considerations 

toward allo-HCT are primarily driven by patient characteristics and risk profile. In the absence of 

approved therapies that meaningfully reduce the rate of progression to MPN-BP in MF48, allo-

HCT is thought to be the only modality that can impact the natural progression of MF with 

curative potential. Retrospective studies have identified a benefit for allo-HCT in patients with 

intermediate-2 or high-risk disease by DIPSS; the benefit of allo-HCT in low/intermediate-1 risk 



disease is not as clear49,50. Even less clear is how to incorporate high-risk mutations into the 

decision-making around allo-HCT in MF. Several studies have investigated the impact of high-

risk mutations on allo-HCT outcomes in MF with conflicting results as summarized in Table 3 51–

56. While TP53 mutations are not represented in MF prognostic scores, the impact of TP53 

status on allo-HCT outcomes in MF has been analyzed. In a cohort of 349 patients with MF that 

underwent allo-HCT, 49 patients had a TP53 mutation. Median OS was 1.5 years in the TP53-

mutated patients compared to 13.5 years for the TP53 wild-type patients; the worst outcomes 

were noted in those with multi-hit TP53 aberrations while those with a single-hit TP53 aberration 

had a similar outcome to TP53 wild-type57. Overall, consideration for allo-HCT should be 

strongly given to eligible patients with intermediate-2/high risk disease by DIPSS; in patients 

with high-risk disease based on mutational profile it is less clear. We would also strongly 

consider allo-HCT in patients with single-hit TP53 mutation. Regardless, the timing of allo-HCT 

is a key consideration in preventing disease progression to MPN-AP/BP, and optimal decision-

making regarding the timing of transplant remains a key unresolved issue in MF. 

 

In patients with progression of disease to MPN-AP/BP, allo-HCT is the only modality with 

curative potential. Historically there has been consideration to reducing blast burden prior to 

allo-HCT however that may not be necessary in all patients with MPN-AP. Gagelmann et al 

reported on 35 patients with accelerated-phase MF at time of allo-HCT; although higher rates of 

relapse in comparison to patients with chronic-phase MF at time of allo-HCT were observed, 

durable remissions were observed in this population, with 5-year OS rate of 65%58.  

 

Unfortunately, allo-HCT outcomes in MPN-BP are not as robust as those seen in MPN-AP. An 

analysis by the European Society for Blood and Marrow Transplantation (EBMT) of 663 patients 

with MPN-BP that underwent allo-HCT reported a 3-year OS of 36%; smaller analyses have 

reported survival outcomes ranging from 5-year OS of 18% to 4-year OS of 38%59,60. Of note, 

blast reduction below 5% was not associated with improved outcomes related to allo-HCT59. 

Consideration for allo-HCT should be strongly given to eligible patients with MPN-BP; however, 

the depth of response necessary prior to moving forward with allo-HCT is unclear. These data 



suggest that the time to intervene with allo-HCT is during the chronic-phase or accelerated-

phase of disease; while long term survival can be seen in some proportion of patients with 

MPN-BP who undergo allo-HCT the likelihood of this is considerably lower in patients with 

chronic-phase or accelerated-phase MPN. 

 

Gauging Response to Therapy 

There is heterogeneity in the assessment of response to therapy for patients with MPN-AP/BP. 

While well-established and recently revised response criteria exist for AML and higher-risk 

myelodysplastic syndrome (MDS)61,62, the most recent MPN-AP/BP specific criteria come from 

201263. These criteria were developed to account for two aspects of disease: the AP/BP 

component and the chronic-phase MPN. For example marrow fibrosis, leukoerythroblastosis, 

and eradication of molecular markers associated with the MPN clone are part of the 2012 

response criteria. In addition, AML specific response criteria do not have the same correlation 

with survival outcomes in MPN-AP/BP as they do in de novo AML. Blast reduction had no 

prognostic impact in patients with MPN-BP that received allo-HCT and outcomes of patients 

with MPN-BP and <5% blasts at time of allo-HCT are considerably worse than those with AML 

and <5% blasts at time of allo-HCT59,60,64. Potential reasons for discordance between AML-

specific response criteria and MPN-BP criteria include the discrepancy between peripheral 

blood and bone marrow blasts seen in MPNs, the spleen serving as a site of extramedullary 

transformation, and clonally distinct hematopoietic stem cell populations found in the spleen 

compared to the blood65,66. Furthermore, there can be considerable variance between serial 

peripheral blast counts in patients with MPN-AP/BP that can confound assessment. Table 4 

compares assessment of response between the 2022 European LeukemiaNet (ELN) AML 

criteria, 2012 MPN-BP criteria, and modified Cheson criteria.  

 

Large analyses to confirm which response criteria best predicts survival in the absence of allo-

HCT have not been conducted. This leads to considerable variance in response assessment 

even when specifically evaluating prospective trials for MPN-AP/BP. As an example, in the three 

DNMTi + JAKi trials summarized in Table 125–27, responses were assessed with MDS-based 



criteria, 2012 MPN-BP criteria, standard AML-based criteria, and modified AML-based 

criteria67,68. As novel therapeutics continue to be investigated specifically in MPN-AP/BP, 

harmonization of response criteria is vital to characterize benefit. Given the similar nature of 

disease once blast percentage is ≥10% in MPNs, utilizing the traditional cut-off of 20% to 

determine what sort of response criteria should be used is unlikely to be helpful. Ultimately, 

response criteria that capture reduction in blast percentage and improvement in peripheral 

blood counts may be the most helpful; the addition of cytogenetic and molecular response may 

offer insight into the depth of remission and how that impacts long-term survival. The utility of 

incorporating chronic-phase MPN features such as bone marrow fibrosis is less clear given no 

strong correlation with efficacy outcomes in MF69. Analysis of existing response criteria is 

needed in order to identify clinically meaningful criteria with which to assess novel therapeutics 

for MPN-AP/BP. In Table 5 we propose the endpoints that may be most meaningful when 

evaluating novel therapies in MPN-AP/BP, recognizing that each endpoint has both advantages 

and disadvantages. In addition, validated MPN patient reported outcome tools should be 

routinely incorporated into MPN-AP/BP trials to capture impact beyond response and survival 

outcomes70. 

 

Prospective Trial Considerations in MPN-AP/BP 

Inclusion of patients with MPN-AP/BP into prospective trials is a uniquely vexing problem; 

chronic-phase MPN studies will oftentimes have a blast cutoff and trials focused upon MDS and 

AML will exclude patients with an antecedent MPN. This ultimately leads to treatment data 

being generated by real-world analyses given the paucity of prospective data available. As an 

example, CPX-351 was specifically investigated in patients with secondary AML however those 

with an antecedent MPN were excluded71. The current available data for CPX-351 in MPN-

AP/BP stems from a real world analysis of 12 patients72. Furthermore targeted-therapy myeloid 

disease initiatives such as BEAT AML and MYELOMATCH do not currently have trials 

specifically designed for MPN-AP/BP73,74. In an effort to identify novel therapeutics with potential 

efficacy, we propose the inclusion of MPN-AP/BP cohorts in early-phase studies focused on 



chronic-phase MPNs. In addition, in targeted therapy protocols the inclusion of MPN-AP/BP with 

the appropriate molecular marker should be strongly considered. 

 

Conclusion and Future Directions  

Despite the expansion of therapies in the management of myeloid malignancies, the treatment 

of MPN-AP/BP remains challenging. Figure 1 outlines current management approaches in 

prevention and management of MPN-AP/BP while also considering novel strategies under 

investigation. In our estimation, the strategies to meaningfully impact how we approach these 

disease are as follows: identification of those with chronic-phase MPNs at highest risk of 

progression to MPN-AP/BP, development of strategies with the  potential to halt or delay 

progression, considerations around timing of allo-HCT, harmonization of MPN-AP/BP response 

criteria, and inclusion of MPN-AP/BP in early-phase studies focused on myeloid malignancies to 

identify therapeutics that merit further development in the space. Studies focused on PV and ET 

are investigating not just the primary endpoints of hematologic control, but also generating data 

on molecular response and how that may impact disease progression. Similar efforts are 

underway in myelofibrosis with a call to move beyond spleen response and symptom 

assessment in an effort to better understand what disease modification means and if it can be 

achieved without allo-HCT75. Several combination strategies in myelofibrosis are under 

investigation including Phase III studies looking at the combination of ruxolitinib + navitoclax and 

ruxolitinib + pelabresib that met their primary endpoints; longer-term follow-up may help to 

identify the impact of these approaches on the natural history of disease76–78. There are also 

encouraging pre-clinical data to elucidate progression pathways in MPN-AP/BP that could be 

targeted such as loss of LKB1/STK11 and aberrant expression of DUSP679,80. In addition, novel 

strategies such as BET inhibition, LSD1 inhibition, CDK9 inhibition, and combination 

WEE1/poly(ADP-ribose) polymerase inhibition have pre-clinical data supporting the 

investigation of these targets in prospective clinical trials81–84. 
 
 
 
 
  



References 
1. Arber DA, Orazi A, Hasserjian RP, et al. International Consensus Classification of 
Myeloid Neoplasms and Acute Leukemias: integrating morphologic, clinical, and genomic data. 
Blood. 2022;140(11):1200-1228. 
2. Khoury JD, Solary E, Abla O, et al. The 5th edition of the World Health Organization 
Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. 
Leukemia. 2022;36(7):1703-1719. 
3. Patel AA, Odenike O. SOHO State of the Art Updates and Next Questions | Accelerated 
Phase of MPN: What It Is and What to Do About It. Clin Lymphoma Myeloma Leuk. 
2023;23(5):303-309. 
4. Dunbar AJ, Rampal RK, Levine R. Leukemia secondary to myeloproliferative 
neoplasms. Blood. 2020;136(1):61-70. 
5. Odenike O. How I treat the blast phase of Philadelphia chromosome-negative 
myeloproliferative neoplasms. Blood. 2018;132(22):2339-2350. 
6. Mudireddy M, Gangat N, Hanson CA, Ketterling RP, Pardanani A, Tefferi A. Validation of 
the WHO-defined 20% circulating blasts threshold for diagnosis of leukemic transformation in 
primary myelofibrosis. Blood Cancer J. 2018;8(6):57. 
7. Masarova L, Bose P, Pemmaraju N, et al. Prognostic value of blasts in peripheral blood 
in myelofibrosis in the ruxolitinib era. Cancer. 2020;126(19):4322-4331. 
8. Mesa RA, Li C-Y, Ketterling RP, Schroeder GS, Knudson RA, Tefferi A. Leukemic 
transformation in myelofibrosis with myeloid metaplasia: a single-institution experience with 91 
cases. Blood. 2005;105(3):973-977. 
9. Tam CS, Nussenzveig RM, Popat U, et al. The natural history and treatment outcome of 
blast phase BCR-ABL- myeloproliferative neoplasms. Blood. 2008;112(5):1628-1637. 
10. Kennedy JA, Atenafu EG, Messner HA, et al. Treatment outcomes following leukemic 
transformation in Philadelphia-negative myeloproliferative neoplasms. Blood. 
2013;121(14):2725-2733. 
11. Patel AA, Yoon JJ, Johnston H, et al. Outcomes of Patients with Accelerated/Blast- 
Phase Myeloproliferative Neoplasms in the Current Era of Myeloid Therapies. Blood. 
2022;140(Supplement 1):6860-6862. 
12. Abdulkarim K, Girodon F, Johansson P, et al. AML transformation in 56 patients with Ph- 
MPD in two well defined populations. Eur J Haematol. 2009;82(2):106-111. 
13. Rampal R, Ahn J, Abdel-Wahab O, et al. Genomic and functional analysis of leukemic 
transformation of myeloproliferative neoplasms. Proc Natl Acad Sci U S A. 2014;111(50):E5401- 
410. 
14. Lasho TL, Mudireddy M, Finke CM, et al. Targeted next-generation sequencing in blast 
phase myeloproliferative neoplasms. Blood Adv. 2018;2(4):370-380. 
15. Venton G, Courtier F, Charbonnier A, et al. Impact of gene mutations on treatment 
response and prognosis of acute myeloid leukemia secondary to myeloproliferative neoplasms. 
Am J Hematol. 2018;93(3):330-338. 
16. McNamara CJ, Panzarella T, Kennedy JA, et al. The mutational landscape of 
accelerated- and blast-phase myeloproliferative neoplasms impacts patient outcomes. Blood 
Adv. 2018;2(20):2658-2671. 
Haematologica HAEMATOL/2023/283950 Version 3 



17. Tremblay D, Feld J, Dougherty M, et al. Venetoclax and hypomethylating agent 
combination therapy in acute myeloid leukemia secondary to a myeloproliferative neoplasm. 
Leuk Res. 2020;98:106456. 
18. King AC, Weis TM, Derkach A, et al. Multicenter evaluation of efficacy and toxicity of 
venetoclax-based combinations in patients with accelerated and blast phase myeloproliferative 
neoplasms. Am J Hematol. 2022;97(1):E7-E10. 
19. Gangat N, Guglielmelli P, Szuber N, et al. Venetoclax with azacitidine or decitabine in 
blast-phase myeloproliferative neoplasm: A multicenter series of 32 consecutive cases. Am J 
Hematol. 2021;96(7):781-789. 
20. Masarova L, DiNardo CD, Bose P, et al. Single-center experience with venetoclax 
combinations in patients with newly diagnosed and relapsed AML evolving from MPNs. Blood 
Adv. 2021;5(8):2156-2164. 
21. Kuusanmäki H, Dufva O, Vähä-Koskela M, et al. Erythroid/megakaryocytic differentiation 
confers BCL-XL dependency and venetoclax resistance in acute myeloid leukemia. Blood. 
2023;141(13):1610-1625. 
22. Rücker FG, Schlenk RF, Bullinger L, et al. TP53 alterations in acute myeloid leukemia 
with complex karyotype correlate with specific copy number alterations, monosomal karyotype, 
and dismal outcome. Blood. 2012;119(9):2114-2121. 
23. Pollyea DA, Pratz KW, Wei AH, et al. Outcomes in Patients with Poor-Risk Cytogenetics 
with or without TP53 Mutations Treated with Venetoclax and Azacitidine. Clin Cancer Res. 
2022;28(24):5272-5279. 
24. Badar T, Atallah EL, Shallis RM, et al. Comparable Survival of Treatment Naïve TP53 
Mutated Acute Myeloid Leukemia Treated with Hypomethylating Agent Compared to 
Hypomethylating Agent Plus Venetoclax Based Therapy. Blood. 2023;142(Supplement 1):592. 
25. Drummond MW, Gaskell C, Harrison C, et al. Phazar: A Phase Ib Study to Assess the 
Safety and Tolerability of Ruxolitinib in Combination with Azacitidine in Advanced Phase 
Myeloproliferative Neoplasms (MPN), Including Myelodysplastic Syndromes (MDS) or Acute 
Myeloid Leukaemia (AML) Arising from MPN [ISRCTN16783472]. Blood 2020;136(Supplement 
1):2-3. 
26. Bose P, Verstovsek S, Cortes JE, et al. A phase 1/2 study of ruxolitinib and decitabine in 
patients with post-myeloproliferative neoplasm acute myeloid leukemia. Leukemia. 
2020;34(9):2489-2492. 
27. Mascarenhas JO, Rampal RK, Kosiorek HE, et al. Phase 2 study of ruxolitinib and 
decitabine in patients with myeloproliferative neoplasm in accelerated and blast phase. Blood 
Adv. 2020;4(20):5246-5256. 
28. Patel AA, Cahill K, Charnot-Katsikas A, et al. Clinical outcomes of IDH2-mutated 
advanced-phase Ph-negative myeloproliferative neoplasms treated with enasidenib. Br J 
Haematol. 2020;190(1):e48-e51. 
29. Chifotides HT, Masarova L, Alfayez M, et al. Outcome of patients with IDH1/2-mutated 
post-myeloproliferative neoplasm AML in the era of IDH inhibitors. Blood Adv. 2020;4(21):5336- 
5342. 
30. Gangat N, Ajufo H, Abdelmagid M, et al. IDH1/2 inhibitor monotherapy in blast-phase 
myeloproliferative neoplasms: A multicentre experience. Br J Haematol. 2023;203(3):e87-e92. 
Haematologica HAEMATOL/2023/283950 Version 3 



31. Patel AA, Odenike O. Genomics of MPN progression. Hematology Am Soc Hematol 
Educ Program. 2020;2020(1):440-449. 
32. Gangat N, Caramazza D, Vaidya R, et al. DIPSS plus: a refined Dynamic International 
Prognostic Scoring System for primary myelofibrosis that incorporates prognostic information 
from karyotype, platelet count, and transfusion status. J Clin Oncol. 2011;29(4):392-397. 
33. Guglielmelli P, Lasho TL, Rotunno G, et al. MIPSS70: Mutation-Enhanced International 
Prognostic Score System for Transplantation-Age Patients With Primary Myelofibrosis. J Clin 
Oncol. 2018;36(4):310-318. 
34. Loscocco GG, Rotunno G, Mannelli F, et al. The prognostic contribution of CBL, NRAS, 
KRAS, RUNX1, and TP53 mutations to mutation-enhanced international prognostic score 
systems (MIPSS70/plus/plus v2.0) for primary myelofibrosis. Am J Hematol. 2024;99(1):68-78. 
35. Stein BL, Martin K. From Budd-Chiari syndrome to acquired von Willebrand syndrome: 
thrombosis and bleeding complications in the myeloproliferative neoplasms. Blood. 
2019;134(22):1902-1911. 
36. Luque Paz D, Jouanneau-Courville R, Riou J, et al. Leukemic evolution of polycythemia 
vera and essential thrombocythemia: genomic profiles predict time to transformation. Blood Adv. 
2020;4(19):4887-4897. 
37. Harrison CN, Nangalia J, Boucher R, et al. Ruxolitinib Versus Best Available Therapy for 
Polycythemia Vera Intolerant or Resistant to Hydroxycarbamide in a Randomized Trial. J Clin 
Oncol. 2023;41(19):3534-3544. 
38. Guglielmelli P, Mora B, Gesullo F, et al. JAK2V617F Molecular Response to Ruxolitinib 
in Patients with PV and ET Is Associated with Lower Risk of Progression to Secondary 
Myelofibrosis. Blood. 2022;140(Supplement 1):1788-1789. 
39. Quintás-Cardama A, Kantarjian H, Manshouri T, et al. Pegylated interferon alfa-2a yields 
high rates of hematologic and molecular response in patients with advanced essential 
thrombocythemia and polycythemia vera. J Clin Oncol. 2009;27(32):5418-5424. 
40. Huang B-T, Zeng Q-C, Zhao W-H, Li B-S, Chen R-L. Interferon α-2b gains high 
sustained response therapy for advanced essential thrombocythemia and polycythemia vera 
with JAK2V617F positive mutation. Leuk Res. 2014;38(10):1177-1183. 
41. Verger E, Cassinat B, Chauveau A, et al. Clinical and molecular response to interferon-α 
therapy in essential thrombocythemia patients with CALR mutations. Blood. 2015;126(24):2585- 
2591. 
42. Masarova L, Patel KP, Newberry KJ, et al. Pegylated interferon alfa-2a in patients with 
essential thrombocythaemia or polycythaemia vera: a post-hoc, median 83 month follow-up of 
an open-label, phase 2 trial. Lancet Haematol. 2017;4(4):e165-e175. 
43. Bewersdorf JP, How J, Masarova L, et al. Moving toward disease modification in 
polycythemia vera. Blood. 2023;142(22):1859-1870. 
44. Ramanathan G, Fleischman AG. The Microenvironment in Myeloproliferative 
Neoplasms. Hematol Oncol Clin North Am. 2021;35(2):205-216. 
45. Tefferi A, Vaidya R, Caramazza D, Finke C, Lasho T, Pardanani A. Circulating 
interleukin (IL)-8, IL-2R, IL-12, and IL-15 levels are independently prognostic in primary 
myelofibrosis: a comprehensive cytokine profiling study. J Clin Oncol. 2011;29(10):1356-1363. 
46. Rodriguez-Meira A, Norfo R, Wen S, et al. Single-cell multi-omics identifies chronic 
inflammation as a driver of TP53-mutant leukemic evolution. Nat Genet. 2023;55(9):1531-1541. 



Haematologica HAEMATOL/2023/283950 Version 3 
47. Xie Z, Zeidan AM. CHIPing away the progression potential of CHIP: A new reality in the 
making. Blood Rev. 2023;58:101001. 
48. Verstovsek S, Mesa RA, Gotlib J, et al. Long-term treatment with ruxolitinib for patients 
with myelofibrosis: 5-year update from the randomized, double-blind, placebo-controlled, phase 
3 COMFORT-I trial. J Hematol Oncol. 2017;10(1):55. 
49. Kröger N, Giorgino T, Scott BL, et al. Impact of allogeneic stem cell transplantation on 
survival of patients less than 65 years of age with primary myelofibrosis. Blood. 
2015;125(21):3347-3350. 
50. Gowin K, Ballen K, Ahn KW, et al. Survival following allogeneic transplant in patients 
with myelofibrosis. Blood Adv. 2020;4(9):1965-1973. 
51. Gagelmann N, Ditschkowski M, Bogdanov R, et al. Comprehensive clinical-molecular 
transplant scoring system for myelofibrosis undergoing stem cell transplantation. Blood. 
2019;133(20):2233-2242. 
52. Tamari R, Rapaport F, Zhang N, et al. Impact of High-Molecular-Risk Mutations on 
Transplantation Outcomes in Patients with Myelofibrosis. Biol Blood Marrow Transplant. 
2019;25(6):1142-1151. 
53. Ali H, Aldoss I, Yang D, et al. MIPSS70+ v2.0 predicts long-term survival in myelofibrosis 
after allogeneic HCT with the Flu/Mel conditioning regimen. Blood Adv. 2019;3(1):83-95. 
54. Kröger N, Panagiota V, Badbaran A, et al. Impact of Molecular Genetics on Outcome in 
Myelofibrosis Patients after Allogeneic Stem Cell Transplantation. Biol Blood Marrow 
Transplant. 2017;23(7):1095-1101. 
55. Jain T, Tsai H-L, DeZern AE, et al. Post-Transplantation Cyclophosphamide-Based 
Graft- versus-Host Disease Prophylaxis with Nonmyeloablative Conditioning for Blood or 
Marrow Transplantation for Myelofibrosis. Transplant Cell Ther. 2022;28(5):259.e1-259.e11. 
56. Stevens EA, Jenkins IC, Beppu LW, et al. Targeted Sequencing Improves DIPSS-Plus 
Prognostic Scoring in Myelofibrosis Patients Undergoing Allogeneic Transplantation. Biol Blood 
Marrow Transplant. 2020;26(7):1371-1374. 
57. Gagelmann N, Badbaran A, Salit RB, et al. Impact of TP53 on outcome of patients with 
myelofibrosis undergoing hematopoietic stem cell transplantation. Blood. 2023;141(23):2901- 
2911. 
58. Gagelmann N, Wolschke C, Salit RB, et al. Reduced intensity hematopoietic stem cell 
transplantation for accelerated-phase myelofibrosis. Blood Adv. 2022;6(4):1222-1231. 
59. Gupta V, Kennedy JA, Capo-Chichi J-M, et al. Genetic factors rather than blast reduction 
determine outcomes of allogeneic HCT in BCR-ABL-negative MPN in blast phase. Blood Adv. 
2020;4(21):5562-5573. 
60. Shah MV, Saliba RM, Varma A, et al. Allogeneic stem cell transplant for patients with 
myeloproliferative neoplasms in blast phase: improving outcomes in the recent era. Br J 
Haematol. 2021;193(5):1004-1008. 
61. Döhner H, Wei AH, Appelbaum FR, et al. Diagnosis and management of AML in adults: 
2022 recommendations from an international expert panel on behalf of the ELN. Blood. 
2022;140(12):1345-1377. 
62. Zeidan AM, Platzbecker U, Bewersdorf JP, et al. Consensus proposal for revised 
International Working Group 2023 response criteria for higher-risk myelodysplastic syndromes. 



Blood. 2023;141(17):2047-2061. 
Haematologica HAEMATOL/2023/283950 Version 3 
63. Mascarenhas J, Heaney ML, Najfeld V, et al. Proposed criteria for response assessment 
in patients treated in clinical trials for myeloproliferative neoplasms in blast phase (MPN-BP): 
formal recommendations from the post-myeloproliferative neoplasm acute myeloid leukemia 
consortium. Leuk Res. 2012;36(12):1500-1504. 
64. Gupta V, Kim S, Hu Z-H, et al. Comparison of outcomes of HCT in blast phase of BCR- 
ABL1- MPN with de novo AML and with AML following MDS. Blood Adv. 2020;4(19):4748-4757. 
65. Wang X, Prakash S, Lu M, et al. Spleens of myelofibrosis patients contain malignant 
hematopoietic stem cells. J Clin Invest. 2012;122(11):3888-3899. 
66. Kremyanskaya M, Mascarenhas J, Rampal R, Hoffman R. Development of 
extramedullary sites of leukaemia during ruxolitinib therapy for myelofibrosis. Br J Haematol. 
2014;167(1):144-146. 
67. Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application and proposal for 
modification of the International Working Group (IWG) response criteria in myelodysplasia. 
Blood. 2006;108(2):419-425. 
68. Cheson BD, Bennett JM, Kopecky KJ, et al. Revised recommendations of the 
International Working Group for Diagnosis, Standardization of Response Criteria, Treatment 
Outcomes, and Reporting Standards for Therapeutic Trials in Acute Myeloid Leukemia. J Clin 
Oncol. 2003;21(24):4642-4649. 
69. Oh ST, Verstovsek S, Gotlib J, et al. Bone Marrow Fibrosis Changes Do Not Correlate 
with Efficacy Outcomes in Myelofibrosis: Analysis of More Than 300 JAK Inhibitor-Naïve 
Patients Treated with Momelotinib or Ruxolitinib. Blood. 2022;140(Supplement 1):821-823. 
70. Geyer H, Mesa RA. Approach to MPN symptom assessment. Curr Hematol Malig Rep. 
2017;12(5):381-388. 
71. Lancet JE, Uy GL, Newell LF, et al. CPX-351 versus 7+3 cytarabine and daunorubicin 
chemotherapy in older adults with newly diagnosed high-risk or secondary acute myeloid 
leukaemia: 5-year results of a randomised, open-label, multicentre, phase 3 trial. Lancet 
Haematol. 2021;8(7):e481-e491. 
72. Ilyas R, McCullough K, Badar T, et al. CPX-351 (VyxeosTM) treatment in blast-phase 
myeloproliferative neoplasm (MPN-BP): real-world experience in 12 consecutive cases. Blood 
Cancer J. 2023;13(1):26. 
73. Burd A, Levine RL, Ruppert AS, et al. Precision medicine treatment in acute myeloid 
leukemia using prospective genomic profiling: feasibility and preliminary efficacy of the Beat 
AML Master Trial. Nat Med. 2020;26(12):1852-1858. 
74. Little RF, Othus M, Assouline S, et al. Umbrella trial in myeloid malignancies: The 
myelomatch national clinical trials network precision medicine initiative. Blood. 
2022;140(Supplement 1):9057-9060. 
75. Pemmaraju N, Verstovsek S, Mesa R, et al. Defining disease modification in 
myelofibrosis in the era of targeted therapy. Cancer. 2022;128(13):2420-2432. 
76. Pemmaraju N, Mead AJ, Somervaille TCP, et al. Transform-1: A Randomized, Double- 
Blind, Placebo-Controlled, Multicenter, International Phase 3 Study of Navitoclax in Combination 
with Ruxolitinib Versus Ruxolitinib Plus Placebo in Patients with Untreated Myelofibrosis. Blood. 
2023;142(Supplement 1):620. 



Haematologica HAEMATOL/2023/283950 Version 3 
77. Rampal RK, Grosicki S, Chraniuk D, et al. Pelabresib in Combination with Ruxolitinib for 
Janus Kinase Inhibitor Treatment-Naïve Patients with Myelofibrosis: Results of the MANIFEST- 
2 Randomized, Double-Blind, Phase 3 Study. Blood. 2023;142(Supplement 1):628. 
78. Chen EC, Johnston H, Patel AA. Targeted Therapy for MPNs: Going Beyond JAK 
Inhibitors. Curr Hematol Malig Rep. 2023;18(3):41-55. 
79. Marinaccio C, Suraneni P, Celik H, et al. LKB1/STK11 Is a Tumor Suppressor in the 
Progression of Myeloproliferative Neoplasms. Cancer Discov. 2021;11(6):1398-1410. 
80. Kong T, Laranjeira ABA, Yang K, et al. DUSP6 mediates resistance to JAK2 inhibition 
and drives leukemic progression. Nat Cancer. 2023;4(1):108-127. 
81. Saenz DT, Fiskus W, Manshouri T, et al. BET protein bromodomain inhibitor-based 
combinations are highly active against post-myeloproliferative neoplasm secondary AML cells. 
Leukemia. 2017;31(3):678-687. 
82. Fiskus W, Mill CP, Nabet B, et al. Superior efficacy of co-targeting GFI1/KDM1A and 
BRD4 against AML and post-MPN secondary AML cells. Blood Cancer J. 2021;11(5):98. 
83. Fiskus W, Manshouri T, Birdwell C, et al. Efficacy of CDK9 inhibition in therapy of post- 
myeloproliferative neoplasm (MPN) secondary (s) AML cells. Blood Cancer J. 2022;12(1):23. 
84. Li B, An W, Wang H, et al. BMP2/SMAD pathway activation in JAK2/p53-mutant 
megakaryocyte/erythroid progenitors promotes leukemic transformation. Blood. 
2022;139(25):3630-3646. 
85. Systchenko T, Chomel J-C, Gallego-Hernanz P, et al. Combination of azacitidine, 
venetoclax and ruxolitinib in blast phase myeloproliferative neoplasms. Br J Haematol. 
2023;202(2):284-288. 
86. Bar-Natan M, Mascarenhas J, Gerds AT, et al. Molecularly Targeted Combination 
Therapy for Advanced Phase Myeloproliferative Neoplasm: MPN-RC 119. Blood. 
2022;140(Supplement 1):3988-3990. 
87. Guglielmelli P, Lasho TL, Rotunno G, et al. The number of prognostically detrimental 
mutations and prognosis in primary myelofibrosis: an international study of 797 patients. 
Leukemia. 2014;28(9):1804-1810. 
88. Tefferi A, Lasho TL, Guglielmelli P, et al. Targeted deep sequencing in polycythemia 
vera and essential thrombocythemia. Blood Adv. 2016;1(1):21-30. 
89. Salit RB, Deeg HJ. Transplant Decisions in Patients with Myelofibrosis: Should 
Mutations Be the Judge? Biol Blood Marrow Transplant. 2018;24(4):649-658. 
90. Tefferi A, Guglielmelli P, Lasho TL, et al. CALR and ASXL1 mutations-based molecular 
prognostication in primary myelofibrosis: an international study of 570 patients. Leukemia. 
2014;28(7):1494-1500. 
91. Tefferi A, Cervantes F, Mesa R, et al. Revised response criteria for myelofibrosis: 
International Working Group-Myeloproliferative Neoplasms Research and Treatment (IWG- 
MRT) and European LeukemiaNet (ELN) consensus report. Blood. 2013;122(8):1395-1398. 
  



Tables 
Table 1: Outcomes of patients with accelerated/blast-phase myeloproliferative 
neoplasms treated with select novel regimens 

Reference Study Treatment Response Rate Overall Survival 

Venetoclax-containing regimens 

Tremblay et al17 Retrospective analysis 
of 9 patients with MPN-
AP/BP (frontline and 
R/R treatment) 

HMA-VEN CR/CRi Rate: 33% mOS: 4 months 

Gangat et al 202119 Retrospective analysis 
of 32 patients with 
MPN-BP (frontline and 
R/R treatment) 

HMA-VEN CR/CRi Rate: 44% mOS: 8 months 

Masarova et al 202120 Retrospective analysis 
of 31 patients with 
MPN-BP (frontline and 
R/R treatment) 

VEN-including regimens CR/CRi Rate: 23% mOS: 4 months 

King et al 202118 Retrospective analysis 
of 27 patients with 
MPN-AP/BP (frontline 
and R/R treatment) 

VEN-including regimens ALR-C/CCR Rate: 
37% 

MPN-BP mOS:: 6 
months 
  
MPN-AP mOS: 3.6 
months 

Systchenko et al 
202385 

Retrospective analysis 
of 5 patients with MPN-
BP (frontline) 

Azacitidine + VEN + 
ruxolitinib 

CR/CRi Rate: 40% mOS: 13.4 months 

JAK inhibitor-including regimens 

Drummond et al 202025 Phase 1b study of 34 
patients with MPN-AP 
(n=19) and MPN-BP 
(15) 

Ruxolitinib + Azacitidine MPN-AP CR/mCR 
rate: 26% 
MPN-BP ALR-P rate: 
27% 

1-year OS: 42% 

Bose et al 202026 Phase I/II study of 29 
patients with MPN-BP 
(prior ruxolitinib 
exposure allowed) 

Ruxolitinib + Decitabine ORR: 45% mOS: 6.9 months 

Mascarenhas et al 
202027 

Phase II study of 25 
patients with MPN-
AP/BP 
(prior ruxolitinib 
exposure allowed) 

Ruxolitinib + Decitabine ORR: 44% mOS: 9.5 months 

IDH inhibitor-including regimens 



Patel et al 202028 Retrospective analysis 
of 8 patients with IDH2-
mutated MPN-AP/BP 
(frontline and R/R 
treatment) 

Enasidenib- 
including regimens 

ORR: 37.5% NR (median follow-up 9 
months) 

Chifotides et al 202029 Retrospective analysis 
of 12 patients with 
IDH1 or IDH2-mutated 
MPN-BP (frontline and 
R/R treatment) 

IDH inhibitor-including 
regimens 

CR Rate: 25% mOS: 10 months 

Bar-Natan et al 202286 Ongoing phase II study 
of 5 patients with IDH2-
mutated MPN-AP/BP 

Ruxolitinib + Enasidenib CR Rate: 40% Not reported 

Gangat et al 202330 Retrospective analysis 
of 14 patients with 
IDH1 or IDH2 mutated 
MPN-BP (frontline and 
R/R treatment) 

Ivosidenib monotherapy 
for IDH1 mutated 
patients 
  
Enasidenib 
monotherapy for IDH2 
mutated patients 

CR/CRi Rate: 36% mOS: 14.9 months 

Abbreviations: MPN = myeloproliferative neoplasm; AP = accelerated phase; BP = blast phase; R/R = 
relapsed/refractory; HMA = hypomethylating agent; VEN = venetoclax; CR = complete remission; CRi = 
complete remission with incomplete hematologic recovery; mOS = median overall survival; ALR-C = 
acute leukemia response - complete; ALR-P = acute leukemia response - partial; CCR = complete 
cytogenetic response; ORR = overall response rate 
  
 
  
  



Table 2: Prognostic mutations in chronic-phase myeloproliferative neoplasms with a 
focus on leukemia free survival 

Mutation Notes Frequencies in MPNs References 

DNA Methylation 

IDH1/2 -IDH1 associated with inferior 
LFS in PMF 
-IDH2 associated with inferior 
LFS in PV 
-IDH2 associated with inferior 
LFS in PMF 

PV: 3% 
PMF: 6% 
ET: 9% 
MPN-AP/BP: 19-26% 

14–16,54,87–89 

  

Chromatin Modification 

ASXL1 -associated with inferior LFS in 
PMF 

PV: 7% 
PMF: 30% 
ET: 2% 
MPN-AP/BP: 25-47% 

14–16,87–90 

EZH2 -associated with inferior LFS in 
PMF 

PV: 2% 
PMF: 5-7% 
ET: 1% 
MPN-AP/BP: 7-15% 

14–16,87,89 

Splicing 

SRSF2 -associated with inferior LFS in 
PV 
-associated with inferior LFS in 
PMF 

PV: 3% 
PMF: 9-14% 
ET: 2% 
MPN-AP/BP: 13-22% 

14–16,87–89 

SF3B1 -associated with inferior LFS in 
ET 

PV: 10% 
PMF: 9-14% 
ET: 5% 
MPN-AP/BP: 7% 

14–16,88,89 

DNA Repair 



TP53 -associated with inferior LFS in 
ET 

PV: 5% 
PMF: 5% 
ET: 6% 
MPN-AP/BP: 16-36% 

14–16,88,89 

Abbreviations: MPN = myeloproliferative neoplasm; PMF = primary myelofibrosis; SMF = secondary 
myelofibrosis; LFS = leukemia-free survival; PV = polycythemia vera; ET = essential thrombocytosis 
  
  



Table 3: Molecular impact on outcomes of patients with myelofibrosis that undergo 
allogeneic hematopoietic stem cell transplantation 
Reference Disease and # 

of Patients 
# of 
Genes 
Tested 

Conditioning 
Regimen 

Survival Data Notes 

Kroger et al 
201754 

169 MF 
patients that 
underwent 
allo-HCT 

16 MAC: 2% 
  
RIC: 98% 

5-yr PFS = 48% 
  
5-yr OS = 52% 

CALR mutation 
associated with   
improved OS 
  
IDH2 mutation 
associated with 
inferior RFS 
  
ASXL1 mutation 
associated with 
inferior RFS 

Gagelmann et 
al 2019 

361 MF 
patients that 
underwent 
allo-HCT (201 
in training 
cohort, 156 in 
validation 
cohort) 

18 MAC: 36% 
RIC 64% 

5-year OS by 
MTSS risk group 
(validation 
cohort): 
Low = 83% 
  
Int = 64% 
  
High = 37% 
  
Very High = 
22% 

ASXL1 mutation 
associated with 
inferior OS 
  
Non-CALR/MPL 
driver mutation 
associated with 
inferior OS 

Tamari et al 
201952 

101 MF 
patients that 
underwent 
allo-HCT 

585 MAC: 18% 
  
RIC: 82% 

5-year RFS = 
51% 
  
5-year OS = 
52% 

U2AF1 mutation 
associated with 
inferior OS and 
RFS 
  
DNMT3A mutation 
associated with 
inferior RFS 
  
≥3 somatic 
mutations not 
associated with 
worse OS 
compared to ≤2 
somatic mutations 
  
MAC associated 
with improved OS 
  
High-risk MIPSS70 
not associated with 
inferior OS 
compared to 



intermediate-risk 
MIPSS70 

Ali et al 
201953 

110 MF 
patients that 
underwent 
allo-HCT 

72 RIC: 100% 5-year PFS = 
60% 
  
5-year OS = 
65% 

CBL mutation 
associated with 
inferior OS and 
DFS 
  
U2AF1 mutation 
associated with 
increased NRM 
  
MIPSS70 high-risk 
group with worse 
OS and DFS 
compared to int-risk 
group 
  
MIPSS70+ v2.0 
very high-risk group 
with worse OS and 
DFS when 
compared to high-
risk group. 

Stevens et al 
202056 

55 MF patients 
that underwent 
allo-HCT 

54 MAC: 75% 
  
RIC: 25% 

10-year OS in 
DIPSS+ low/int-
1 risk = 82% 
  
10-year OS in 
DIPSS+ int-
2/high risk = 
50% 
  
10-year PFS in 
DIPSS+ low/int-
1 risk = 82% 
  
10-year PFS in 
DIPSS+ int-
2/high risk = 
46% 

≥3 somatic 
mutations in 
addition to JAK2 or 
CALR2 mutation 
associated with 
worse PFS in 
comparison to ≤2 
mutations 
regardless of 
DIPSS+ score 

Jain et al 
202255 

42 MF patients 
that underwent 
allo-HCT with 
non-
myeloablative 
conditioning 
and PTCy 

63 RIC: 100% OS: 
1-year 65% 
3-year 60% 
  
RFS: 
1-year 65% 
3-year 31% 

CALR mutation 
associated with 
higher risk of 
relapse 



Gagelmann et 
al 202357 

349 MF 
patients that 
underwent 
allo-HCT 
including 30 
patients with 
multi-hit TP53 
aberrations 
and 19 with 
single-hit TP53 
aberrations 

Not 
reported 

TP53wt 

MAC: 13% 
RIC: 87% 
  
TP53SH 

MAC: 53% 
RIC: 47% 
  
TP53MH 

MAC: 50% 
RIC: 50% 

6-year OS: 
  
TP53wt: 64% 
  
TP53SH: 56% 
  
  
TP53MH: 25% 

TP53MH status 
associated with 
inferior OS and 
RFS on multivariate 
analysis 

Abbreviations: allo-HCT = allogeneic hematopoietic stem cell transplant; MF = myelofibrosis; MAC = 
myeloablative conditioning; RIC = reduced-intensity conditioning; RFS = relapse-free survival; PFS = 
progression free survival; OS = overall survival; DIPSS = Dynamic International Prognostic Scoring 
System; int = intermediate; MIPSS = Mutation-Enhanced International Prognostic Score System; MTSS = 
myelofibrosis transplant scoring system; wt = wild type; SH = single-hit; MH = multi-hit 
  
  



Table 4: Comparison of 2022 European LeukemiaNet Acute Myeloid Leukemia response 
criteria, 2012 Myeloproliferative Neoplasm-Blast Phase response criteria, and modified 
Cheson Criteria 
2022 ELN AML Criteria61 2012 MPN-BP Response 

Criteria63 
Modified Cheson Criteria 
from MPN-RC 109 Trial27 

CR: Bone marrow blasts < 5%; 
absence of circulating 
blasts; absence of 
extramedullary disease; ANC ≥ 
1.0 x 109/L; platelet count ≥ 100 
x 109/L 

CMR: 0% peripheral blasts; 
ANC ≥ 4.0 x 109/L, hemoglobin 
≥10 g/dL, platelet count ≥ 100 x 
109/L; ≤5% bone marrow blasts 
with resolution of abnormal 
morphology, appropriate 
cellularity, and Grade ≤1 
fibrosis; non-palpable spleen; 
normal karyotype and no 
detectable molecular 
abnormalities associated with 
leukemic or MPN clone 
  
CCR: all criteria of CMR except 
molecular markers of MPN 
clone persist 

CR: 0% peripheral blood 
blasts, WBC ≥ 4.0 x 109/L, 
hemoglobin ≥10 g/dL, and 
platelet count ≥ 100 x 109/L 

CRh: ANC ≥ 0.5 x 109/L and 
platelet count ≥ 50 x 109/L with 
all other CR criteria met 
  
CRi: all CR criteria except for 
residual neutropenia or 
thrombocytopenia 

ALR-C: absence of peripheral 
blasts; ≤5% bone marrow 
blasts; <25% increase in spleen 
size by palpation or imaging if 
baseline spleen <10cm or 
<50% if baseline spleen ≥ 
10cm; loss of cytogenetic or 
molecular markers associated 
with leukemic clone (markers 
associated with chronic-phase 
MPN can persist) 

CRi: fulfilling criteria of CR 
except for ANC ≤ 1.0 x 109/L; 
or platelet count ≤ 100 x 109/L 

PR: all hematologic criteria of 
CR, decrease of bone 
marrow blast percentage to 5% 
to 25%, and decrease of pre-
treatment bone marrow blast 
percentage by at least 50% 

ALR-P: >50% reduction in 
peripheral and bone marrow 
blasts; <25% increase in spleen 
size by palpation or imaging if 
baseline spleen <10cm or 
<50% if baseline spleen ≥ 
10cm; no new cytogenetic or 
molecular abnormalities 

PR: ≥ 50% decrease in 
peripheral blood blasts 
irrespective of blood counts 

MLFS: Bone marrow blasts, 5%; 
absence of circulating blasts; 
absence of extramedullary 
disease; no hematologic 
recovery required; at least 200 
cells should be numerated in 
aspirate or cellularity ≥ 10% 

    



Abbreviations: ELN = European LeukemiaNet; MPN = myeloproliferative neoplasm; BP = blast phase; 
MPN-RC = MPN Research Consortium; CR = complete remission; CMR = complete molecular remission; 
CCR = complete cytogenetic remission; CRh = CR with partial hematologic recovery; CRi = CR with 
incomplete hematologic recovery; ALR-C = acute leukemia response-complete; PR = partial remission; 
ALR-P = acute leukemia response-partial; MLFS = morphologic leukemia-free state 
 
  



Table 5: Proposed Clinical Trial Endpoints in Accelerated/Blast-Phase Myeloproliferative 
Neoplasms 

Endpoint Definition Advantages Disadvantages Ideal Trial Type for 
Incorporation 

Overall 
Survival 

Time from 
randomization 
(or enrollment) 
until death from 
any cause 

-most robust 
clinical endpoint 
-high event rate 
due to current 
limited OS in 
MPN-AP/BP 

-may be impacted by 
post-protocol 
interventions/therapies 
(ex. allo-HCT) 
-difficult to utilize in 
early-phase MPN 
studies that include but 
are not restricted to 
MPN-AP/BP 

-primary endpoint in 
randomized phase III study 
or single-arm phase II study 
with historical control 

Complete 
Molecular 
Response 

Resolution of 
somatic 
mutations that 
developed at 
time of 
progression to  
MPN-AP/BP 

-molecular 
response has 
been associated 
with EFS and OS 
in chronic-phase 
MPNs37 
-may provide best 
measure of the 
depth of response 

-heterogeneity in 
sensitivity of molecular 
testing 
-may not be feasible in 
patients that do not 
have comprehensive 
molecular data at time 
of chronic-phase MPN 

-correlative/exploratory 
endpoint in studies but not a 
primary endpoint 

Complete 
Cytogenetic 
Response 

Resolution of 
cytogenetic 
abnormalities 
that developed 
at time of 
progression to 
MPN-AP/BP 

-cytogenetic 
response has 
been incorporated 
into both MF and 
MPN-BP response 
criteria63,91 

-may not be feasible in 
patients that do not 
have cytogenetic 
studies performed at 
time of chronic-phase 
MPN 

-correlative/exploratory 
endpoint in studies but not a 
primary endpoint 



Complete 
Blast 
Response* 

Blast percentage 
of less than 5% 
in peripheral 
blood and bone 
marrow 

-has been 
prospectively 
studied in MPN-
AP/BP27 
-accounts for 
underlying chronic-
phase MPN and 
persistence of 
peripheral blasts 
(i.e. reversion of 
chonic-phase 
disease) 

-blast reduction may not 
be an appropriate 
indicator of disease 
control59 

-primary endpoint in Phase II 
studies to determine efficacy 

Partial Blast 
Response* 

 ≥50% decrease 
in blast 
percentage in 
peripheral blood 
and bone 
marrow 

 -has been 
prospectively 
studied in MPN-
AP/BP27 
-may capture 
efficacy even if 
blasts not 
completely 
eradicated  

-partial blast response 
may not correlate as 
well with long-term 
outcomes such as OS  

-incorporated into an overall 
response primary endpoint in 
Phase II studies to determine 
efficacy 

Hematologic 
Improvement 

-Erythroid 
response 
(pretreatment, 
<11 g/dL): Hgb 
increase by ≥1.5 
g/dL and 50% 
reduction of 
RBC 
transfusions 
 
-Platelet 
response 
(pretreatment, 
<100 × 109/L): 
absolute 
increase of ≥30 
× 109/L for 
patients starting 
with >20 × 
109/L platelets or 
increase from 
<20 × 109/L to 
>20 × 109/L and 
by at least 100% 
 

-utilized in MDS 
criteria to assess 
for improvement of 
hematologic 
parameters 
independent of 
blast control62 
 
-may capture 
clinical benefit of 
therapies that 
address AP/BP 
component of 
disease while also 
improving the 
underlying chronic-
phase MPN 

-there are few data 
confirming the benefit of 
HI in MPN-AP/BP 

-secondary/exploratory 
endpoint incorporated into 
studies 



-Neutrophil 
response 
(pretreatment, 
<1.0 × 109/L): at 
least 100% 
increase and an 
absolute 
increase >0.5 × 
109/L 

*Blast response criteria are applicable to peripheral blood and/or bone marrow if there are ≥10% blasts 
Abbreviations: OS = overall survival; MPN = myeloproliferative neoplasm; allo-HCT = allogeneic 
hematopoietic stem cell transplant; AP/BP = accelerated-phase/blast-phase; EFS = event free survival; 
MF = myelofibrosis; CHIP = clonal hematopoiesis of indeterminate potential; MDS = myelodysplastic 
syndrome; Hgb = hemoglobin; HI = hematologic improvement 
 

  



Figures 
Figure 1: Evolution of accelerated/blast-phase myeloproliferative neoplasms with opportunities 
for intervention 
Abbreviations: PV = polycythemia vera, ET = essential thrombocythemia, MF = myelofibrosis; 
MPN = myeloproliferative neoplasm; AP/BP = accelerated-phase/blast-phase 
 




