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Abstract
All four Philadelphia negative myeloproliferative neoplasms: essential thrombocythemia, polycythemia vera, pre-fibrotic 
myelofibrosis, and myelofibrosis, are at risk of transforming to blast phase disease. The risk is highest in the case of myelo-
fibrosis and amounts to c.20%. In the case of essential thrombocythemia, the transformation rate is 1%, and in polycythe-
mia vera it is 5–10%. The prognosis of patients during the blast crisis is poor, with a median survival time of a few months.  
For patients who qualify for intensive therapy, the basis of treatment are cycles analogous to those in acute myeloid 
leukemia and allotransplantation of hematopoietic stem cells. In the remaining patients, hypomethylating drugs such 
as azacitidine and decitabine can be used. Some hope has been raised by new drugs approved for the treatment of 
patients with acute myeloid leukemia such as venetoclax, IDH1 and IDH2 inhibitors ivosidenib and enasidenib. It is 
very important that patients with myeloproliferative neoplasms, especially those with myelofibrosis, properly assess 
the risk of blast transformation and qualify them early enough for allotransplantation of hematopoietic stem cells. New 
prognostic scales taking into account molecular factors can be very helpful in the assessment. This article discusses 
the risk factors of blast transformation, and prognostic scales as well as therapies that can be used during the blast 
crisis, including new drugs.
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Introduction

The World Health Organization (WHO) classification sys-
tem distinguishes four classic Philadelphia negative my-
eloproliferative neoplasms (MPN): primary myelofibrosis 
(PMF), pre-fibrotic PMF (pre-PMF), essential thrombocy-
themia (ET), and polycythemia vera (PV) [1]. In addition, 
5–30% patients with ET or PV experience fibrotic progres-
sion of their disease over time, referred to as post-ET and 
post-PV myelofibrosis (MF), respectively [2]. All of these 
entities may evolve into blast phase disease (MPN-BP), 
defined by the presence of ≥20% blasts in the blood or 
bone marrow [2]. A second but closely related entity is 
accelerated phase (MPN-AP), defined as an elevation of 

peripheral or bone marrow blasts of between 10% and 
20% [3].

The transformation frequency is the lowest for ET at 
roughly 1%, and highest for PMF and post ET/PV MF at about 
20%. In the case of PV and pre-PMF about 5–10% of patients 
transform to the blast phase (BP) [4–6]. MPN-BP is associ-
ated with an aggressive course and very poor prognosis, with 
salvage chemotherapy and allogeneic stem cell transplant 
(allo-SCT) being the only curative treatment options [7, 8].

This paper discusses new prognostic scales that can facili-
tate the proper prognosis and selection of risk adapted ther-
apy for patients with MPN, which may prevent at least some 
of them from progressing to the blast phase. The current pos-
sibilities of treating patients with MPN-BP are also discussed.
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Assessment of risk factors for blast 
transformation in patients with ET and PV

In PV and ET, leukemic transformation is a rare, usually late, 
complication. The interval between diagnosis and evolution 
to acute myeloid leukemia (AML) is highly variable, from 
a few years to 20 years [5, 6].

It is very important to distinguish ET from pre-PMF, which 
is the entity defined for the first time by the 2016 WHO cri-
teria [1]. This is possible only with the close correlation of 
clinical, molecular and histopathological data. Compared to 
ET, patients with pre-PMF have a higher risk of transforma-
tion to AML and shorter overall survival (OS) [9]. Passamonti 
et al. [10] analyzed the course of disease among 605 pa-
tients with ET (follow-up 4,596 person-years). Leukemia oc-
curred in 14 patients (2.3%) at a median 11 years after di-
agnosis of ET; the risk was 2.6% at 10 years. Age >60 years  
(p =0.02) was significantly correlated with the development 
of leukemia. Cytotoxic treatment did not imply a higher risk 
of leukemia. Among 605 patients with ET analyzed by Gan-
gat et al. [5] followed for a median of 84 months, leuke-
mic transformation was observed in 20 patients (3.3%). In 
multivariate analysis, hemoglobin level below normal and 
platelet count ≥1,000 ×109/L were identified as indepen-
dent risk factors for leukemic transformation.

The European Collaboration on Low-dose Aspirin in 
Polycythemia Vera (ECLAP) prospective project included 
1,638 patients with PV [6]. AML/myelodysplastic syn-
drome (MDS) was diagnosed in 22 patients after a me-
dian of 2.5 years from recruitment in the study and a me-
dian of 8.4 years from the diagnosis of PV. Older age was 
confirmed as the main independent risk factor. Exposure 
to radioactive phosphorus (P32), busulphan, and pipobro-
man were also identified as risk factors of progression to 
AML compared to treatment with phlebotomy or interfer-
on. Tefferi et al. [11] analyzed the course of PV in a group 
of 545 patients. A total of 50 (3%) cases of post-PV AML 
were documented and occurred at a median of 10.8 years 
(range 0.5–22.3) from diagnosis. Cumulative hazard of leu-
kemic transformation was 2.3% at 10 years and 5.5% at 
15 years. Risk factors included older age, abnormal karyo-
type, and leukocytes >15 ×109/L. Leukemic transformation 
was associated with treatment exposure to pipobroman or 
P32/chlorambucil. Similarly to previous large retrospective 
and population-based studies, they did not observe an as-
sociation between leukemic transformation and hydroxy-
urea use [6, 12].

Bonicelli et al. [12] observed transformation to AML in 
30 (9.2%) of 327 PV patients (median follow up 11 years). 
The median time from PV diagnosis was 55.4 months 
(range: 27–262 months) and the cumulative risk of leu-
kemia was 8%, 14% and 17% after 10, 15 and 20 years, 
respectively. Using Cox multivariate analysis, only female 
sex was identified as a risk factor of AML, whereas age 

>70 years, leukocytosis >13 ×109/L and thrombosis at di-
agnosis remained significant predictors of survival.

In recent years, the introduction of the NGS (next-gener-
ation sequencing) technique has allowed the identification 
of many additional (except for driver mutations) somatic 
mutations in patients with MPN. These include mutations 
of genes involved in the post-translational modification 
of histones (ASXL1; frequency 10–35%, EZH2; frequen-
cy 7–10%), DNA methylation (TET2, DNMT3A, IDH1 /2), 
mRNA splicing (SRFS2, SRF3B1, U2AF, ZRSR2) and DNA 
repair processes (TP53). Recent publications have high-
lighted the prognostic contribution of so-called high molec-
ular risk (HMR) mutations (ASXL1, EZH2, SRSF2, IDH1/2, 
U2AF1) [13–17]. Tefferi et al. [14] showed that spliceo-
some mutations SF3B1, SRSF2 in ET and SRSF2 in PV 
adversely affect OS. They also revealed that TP53 muta-
tions predicted leukemic transformation in ET. Luque Paz 
et al. identified three molecular groups associated with 
a distinct time to leukemic transformation in PV and ET 
[13]. Short-term transformations were mostly character-
ized by a complex molecular landscape and mutations in 
IDH1/2, RUNX1, and U2AF1 genes, whereas long-term 
transformations were associated with mutations in TP53, 
NRAS, and BCORL1 genes. Considering the important role 
of molecular landscape on prognosis in PV and ET, Tefferi 
et al. [14] constructed the three-tiered mutation-enhanced 
international prognostic systems (MIPSS) which takes into 
account male sex, leukocyte count ≥11 ×109/L, HRM in ET, 
and age >60 years, thrombosis history, leukocyte count 
≥15 ×109/L in PV.

Assessment of risk factors  
for blast transformation in patients with MF

Among classic myeloproliferative neoplasms, the highest 
risk of blast transformation concerns patients with MF 
and amounts to approximately 20% [4, 7]. Myelofibrosis 
is a disease with a very heterogeneous course; therefore, 
it is important to properly assess the risk of blast trans-
formation and implement an appropriate, risk-adjusted 
therapy.

It seems that the type of driver mutation influences 
the course of PMF. Patients with type 1 CARL mutation 
are younger, have a higher platelet count, lower leukocy-
tosis, require less frequent red blood cell transfusions, 
have fewer unfavorable epigenetic mutations, are in lower 
risk groups, and have significantly longer OS compared to 
patients with JAK (+) and MPL (+) [15–17]. On the other 
hand, ‘triple negative’ patients have a particularly poor 
prognosis as they have a significantly shortened OS and 
an increased risk of leukemic transformation [18, 19]. 
Also, patients with the previously described HMR muta-
tions have a shorter OS and a higher risk of blast trans-
formation [15–17].
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In a significant percentage of patients with PMF (30– 
–50%), karyotype abnormalities occur at the time of diag-
nosis. The most common aberrations include del (13q), 
del (20q), trisomy 8, trisomy 9, del (12p), and 1q abnor-
malities. Complex karyotypes occur in about 15% of cases 
[20]. The presence of certain cytogenetic abnormalities, 
such as complex karyotype, chromosome 5 and 7 abnor-
malities, are associated with a significantly higher risk of 
transformation to AML [20].

So far, prognostic indices such as IPSS (International 
Prognostic Scoring System), and DIPSS (Dynamic Interna-
tional Prognostic Scoring System), and DIPSS plus, have 
been used to assess the prognosis of patients with PMF 
[21–23]. Due to the growing understanding of the prog-
nostic significance of mutations, several prognostic indices 
have been published that also take into account molecu-
lar changes. In 2018, Guglielmelli et al. [24] proposed the 
MIPSS70 and MIPSS70 plus indices, taking into account 
both clinical data and molecular and cytogenetic tests. 
The MIPSS70 index takes into account the following risk 
factors: Hb <100 g/L, leukocytes >25 ×109/L, platelets 
<100 ×109/L, peripheral blood blasts >2%, bone marrow 
fibrosis >grade 2, presence of constitutional symptoms, 
absence of type 1 CALR mutation, presence of HMR epi-
genetic mutation, and presence of at least two HMR mu-
tations. Depending on the number of risk factors, patients 
are classified into three risk groups: low, intermediate, or 
high, with median OS of 27.7; 7.1, and 2.3 years, respec-
tively. The MIPSS70-plus index additionally takes into ac-
count changes in karyotype. Currently, it is recommended 
to use the new version of MIPSS70+ (MIPSS70+ vs. 2.0 in-
dex) [25]. This additionally takes into account the division 
into very unfavorable and unfavorable karyotype as well as 
moderate and severe anemia. Tefferi et al. [26] proposed 
a prognostic model that takes into account only molecular 
and cytogenetic changes. This is known as GIPSS (Geneti-
cally Inspired Prognostic Scoring System for primary my-
elofibrosis). As risk factors, it considers changes in karyo-
type, absence of type-1 CALR mutations, and presence 
of epigenetic mutations ASXL1, SRSF2 and U2AF1Q157.

In the case of myelofibrosis secondary to PV or ET, a sep-
arate prognostic scale, MYSEC-PM (Myelofibrosis Second-
ary to PV and ET-Prognostic Model), is recommended [27].

It should be emphasized that, whenever possible, mo-
lecular risk factors should be taken into account, especially 
when deciding whether to qualify patients for allo-SCT. New 
prognostic indices allow for a more accurate assessment of 
the expected survival time. It has been shown that, using 
the MIPSS70 index, nearly 30% of patients with low and in-
termediate risk-1 according to IPSS are in a high-risk group, 
with an expected OS of only 2.3 years [24]. All patients with 
high-risk myelofibrosis eligible for transplantation should 
be offered this treatment option before the disease pro-
gresses to an accelerated or blast phase.

Treatment of MPN blast phase

Patients in the blast phase of MPN have a poor prognosis, 
with an expected OS of several months. Post MPN AML 
is more often characterized by unfavorable changes in 
karyotype than in de novo disease [4, 7, 8]. Tefferi et al. 
[8] retrospectively reviewed the results of treatment of 410 
MPN-BP patients: 248 from the Mayo Clinic and 162 from 
Italy. Among 248 patients with MPN BP from the Mayo Clinic, 
cytogenetic information was available in 172 cases, of which 
140 (81%) were reported as abnormal and 32 (19%) as nor-
mal; among the 140 abnormal cases, 56 (40%) were labelled 
‘high risk’ based on the presence of monosomal karyotype 
or monosomy 7 (n =46), or single or multiple abnormalities 
including inv(3)(q21.3q26.2)/t(3;3)(q21.3;q26.2) (n =5), or 
i(17)(q10) (n =5). Median OS in the entire group of patients 
was only 3.6 months, with no improvement over the last 15 
years. Multivariate analysis performed on the Mayo cohort 
identified high risk karyotype, platelet count <100 ×109/L, 
age >65 years and transfusion need as independent risk 
factors for survival. Intensive chemotherapy (AML-like induc-
tion chemotherapy) resulted in complete remission (CR) or 
CR with incomplete count recovery (CRi) rates of 35% and 
24%, respectively; treatment-specified 3-year/5-year survival 
rates were 32%/10% for patients receiving allo-SCT (n =24), 
19%/13% for patients achieving CR/CRi but who were not 
transplanted (n =24), and 1%/1% in the absence of both 
allo-SCT and CR/CRi (n =200) (p <0.01). Similar results 
were presented by Kennedy et al. [28]: among 75 patients 
with MPN-BP, 39 received AML-like induction chemotherapy 
followed by allo-SCT in eligible patients (17 of 39). The 36 
other patients were treated with hypomethylating agents 
(HMA), novel agents, or supportive care. Two-year survival 
was 25.6% in the intensive treatment group compared to 
3% for the rest. Moreover, survival was significantly better 
in the transplant group (2-year survival of 47% vs. 15%;  
p =0.03). The MPN Subcommittee of the Chronic Malignancies 
Working Party of the European Society for Blood and Marrow 
Transplantation studied 46 patients with MPN-BP who re-
ceived allo-SCT [30]. Before SCT, 42 patients (91%) received 
induction chemotherapy. Of the 38 patients evaluable for 
response, nine (24%) achieved CR, 10 (26%) achieved partial 
response (PR), and 19 (50%) were refractory or had progres-
sive disease at the time of SCT. The 3-year progression-free 
(PFS) and OS rates were 26% and 33%, respectively. The 
only significant factor for survival was CR vs. no CR before 
transplantation (69% vs. 22%, p =0.008); however, CR was 
achieved only in eight patients.

A new liposome formulation of cytarabine and daunoru-
bicin used in AML induction therapy is CPX-351. This drug 
has proven efficacy in the treatment of the elderly, especially 
in the case of therapy-related AML and with antecedent MDS 
or chronic myelomonocytic leukemia (CMML) [30]. There-
fore, it would be advisable to use it in the case of MPN-BP.
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In patients who are not eligible for intensive chemo-
therapy, HMA such as azacytidine or decitabine can be 
used [31, 32]. Thepot et al. [31] reported the azacytidine 
treatment outcomes of 52 patients with MPN-BP who 
transformed to AML (n =26) or MDS (n =28). Overall re-
sponse rate (ORR) was 52% (24% CR, 11% PR, 8% mar-
row CR or CRi, 9% hematologic improvement) and median 
OS was 11 months. Prognostic factors for CR achievement 
were the underlying MPN (14% CR for PV vs. 43% for ET; 
p =0.040) and type of transformation (36% vs. 12% CR in 
MDS and AML, respectively; p =0.038). Badar et al. [32] 
conducted a retrospective study of 21 patients with MPN- 
-AML and 13 with MPN-AP treated with decitabine. Six pa-
tients (29%) with MPN-AML responded to decitabine (three 
CR, two CRi, and one PR); median response duration was 
7 months. Median OS was significantly higher in those who 
responded (10.5 vs. 4 months). Among patients with MPN- 
-AP, eight (62%) benefited; median response duration was 
6.5 months. Median OS was 11.8 months in responders 
vs. 4.7 months in non-responders.

Although ruxolitinib monotherapy has very limited ef-
ficacy in the advanced stages of MPN [33], its addition to 
HMA or low doses of cytosine arabinoside may be a thera-
peutic option [34].

New targeted therapies have recently been approved 
for treating AML patients, such as venetoclax, IDH1 and 
IDH2 inhibitors ivosidenib and enasidenib [35–37]. Con-
sidering that MF is a disease characterized by the overex-
pression of the antiapoptotic BCL-2 family of proteins, and 
IDH mutation occurs in approximately 30% of patients with 
MF blast phase, it seems that they may turn out to be valu-
able drugs also for patients with MPN-BP [38–40]. So far, 
experience with the new drugs is limited, but promising.

Morsia et al. retrospectively analyzed 14 consecutive 
MPN-BP patients who received venetoclax plus HMA and 
observed a high rate of ORR [41]. Venetoclax was adminis-
tered in combination with azacitidine (n =5) or decitabine 
(n =9). Median age of patients was 67 years with poor-risk 
cytogenetics in 69% of patients. In 1/2 patients with my-
eloid sarcoma, partial resolution of the extramedullary tu-
mor was observed. Among the remaining 12 patients, ORR 
was 42% (n =5) and included CR in three patients (25%) 
and PR in another two (17%). Cahill et al. retrospectively as-
sessed 15 patients with IDH1/2-mutated AML arising from 
antecedent MPN (seven MPN-BP, one MPN-AP, five MDS- 
-AML, and two CMML-AML) [42]. Thirteen IDH2 mutated pa-
tients received enasidenib as monotherapy (n =12) or com-
bined with azacytidine (n =1). Two IDH1-mutated patients 
received ivosidenib as monotherapy (n =1) or combined 
with azacytidine (n =1). ORR rate to IDH inhibitor therapy 
was 40% for the entire group, and 75% for eight patients 
with MPN-AP/BP (when using the 2012 MPN-BP response 
criteria). Median OS for all patients was 235 days, and for 
patients with MPN-AP/BP was not reached.

Conclusions

Allo-SCT, preceded by AML-like induction chemotherapy, is 
proven to be the only treatment modality that improves at 
least short-term survival of patients with MPN-BP. However, 
in the majority of patients SCT is not a feasible option due to 
advanced age, co-morbidities and poor performance status. 
For them, the best treatment option remains azacytidine 
or decitabine. New drugs such as venetoclax and IDH1/2 
inhibitors are raising hopes.

Due to the very poor prognosis of patients in the blast 
phase of MPN, and the lack of effective treatment options in 
this phase, care should be taken to prevent transformation.

It is very important that drugs that have leukemogenic 
potential, such as pipobroman, chlorambucil, and radio-
active phosphorus, should be avoided during the chronic 
phase of the disease. It is also very important to properly 
assess the risk of transformation (correct diagnosis, new 
prognostic scales) and select the appropriate therapy early 
in the course of the disease.
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