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Overview

Myeloproliferative neoplasms (MPN), a group of diseases 
that develop through neoplastic transformation at the level of 
hematopoietic stem cells, are characterized by marked pro-
liferation of myeloid cells (i.e., granulocytes, erythroblasts, 
and megakaryocytes)[1]. The category of MPN includes 
chronic myeloid leukemia (CML), chronic neutrophilic leu-
kemia (CNL), polycythemia vera (PV), primary myelofibro-
sis (PMF), essential thrombocythemia (ET), chronic eosino-
philic leukemia (CEL), and MPN, unclassifiable. Early-stage 
MPN exhibit hyperplasia of bone marrow cells with capacity 
for differentiation and increased peripheral granulocytes, red 
blood cells (RBCs), and platelets. Physical findings include 
splenomegaly and hepatomegaly. MPN produce few subjec-
tive symptoms in their early stage, but progress in stages 
along with general symptoms. They ultimately progress to 
myelofibrosis or loss of maturation potential through trans-
formation (blast crisis). A different treatment approach is 

used for CML from those for other types of MPN. These 
guidelines cover treatments for CML, PV, ET, and PMF.

Chronic myeloid leukemia (CML)

Phases of CML

CML is a type of leukemia that arises from abnormalities in 
pluripotent hematopoietic stem cells and is characterized by 
the presence of the Philadelphia (Ph) chromosome formed 
by the t(9;22)(q34;q11) translocation. This translocation 
results in the constitutive activation of BCR::ABL1 tyrosine 
kinase encoded and produced by the BCR::ABL1 fusion gene 
on the Ph chromosome. This contributes to the proliferation 
of leukemic cells and initiates the progression of the disease 
through three stages [2]. Most cases of CML (85%) are diag-
nosed during the chronic phase (CP; approximately 3 to 5 
years after diagnosis), in which patients have elevated white 
blood cell (WBC) and platelet counts but exhibit few sub-
jective symptoms. The next phase is the accelerated phase 
(AP; continues for 3 to 9 months), which is characterized by 
progressive abnormal differentiation of granulocytes, and 
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the final phase is the blast phase (BP; continues for approxi-
mately 3 to 6 months), a fatal phase resembling acute leuke-
mia that is characterized by an increase in undifferentiated 
blasts. The AP and BP are defined according to the European 
LeukemiaNet (ELN) classification (Table 1) [3].

Prognostic factors of CML

Table 2 shows formulas for prognostic scores that should 
be assessed at the time of diagnosis along with prognosis 
according to risk group. Prognosis has conventionally been 
determined using the Sokal score, which is calculated from 
four factors: age at presentation, splenomegaly (cm below 
costal margin), platelet count, and peripheral blasts (%) [4]. 
More recently, a large study showed that the EUTOS (Euro-
pean Treatment and Outcome Study for CML) long-term 
survival (ELTS) score [5] correlates with leukemia-related 
mortality and long-term overall survival (OS) [6]. (http:// 
www. leuke mia- net. org/ conte nt/ leuke mias/ cml/ elts_ score/ 
index_ eng. html.)

Response assessment for CML treatment

The concept of CML treatment is to control Ph-positive 
(BCR::ABL1 +) leukemic cells and prevent progression of 
disease. Response to treatment is assessed using the 2020 
ELN criteria [7].

Response to treatment for CML-CP is assessed at three 
levels: hematologic response (HR), cytogenetic response 
(CyR), and molecular response (MR) (Table 3). HR is deter-
mined from improvement in peripheral blood findings, CyR 
from the percentage of Ph-positive cells in the bone marrow, 
and MR from BCR::ABL1 expression in blood cells deter-
mined by the polymerase chain reaction (PCR) based on the 
International Scale (IS).

Monitoring of response to treatment for CML

Monitoring of response to treatment for CML with tyros-
ine kinase inhibitors (TKIs) is conducted using the 2020 
ELN recommendations. The following methods are used 

Table 1  Phases of CML by the 
ELN classification

(From Reference 3)

Accelerated phase
 Meets any one of the following criteria:
  15–29% blasts in peripheral blood or bone marrow, or ≥ 30% blasts and promyelocytes
   ≥ 20% basophils in peripheral blood
  Thrombocytopenia (< 100,000/μL) unrelated to therapy
  Chromosomal abnormalities: appearance of additional chromosomal abnormalities (major route: second 

Ph, trisomy 8, isochromosome 17q, trisomy 19) during therapy
Blast phase
 Meets any one of the following criteria:
   ≥ 30% blasts in peripheral blood or bone marrow
  An infiltrative proliferation of blasts in an extramedullary site (apart from spleen)

Table 2  Prognostic scores at diagnosis

(From References 4–6)

Formula for score calculation Risk group

Sokal [4] Exp 0.0116 × (age − 43.4) + 0.0345 × (spleen − 7.51) + 0.188 × [(platelet count/700)2 − 0.563] + 0.0
887 × (blood blasts − 2.10)

Low risk: < 0.8
Intermediate risk: 0.80–1.2
High risk: > 1.2

ELTS [5] 0.0025 × (age/10)3 + 0.0615 × spleen size + 0.1052 × peripheral blood blasts + 0.4104 × (platelet 
count/1000)−0.5

Low risk: < 1.5680
Intermediate risk: 1.5680–2.2185
High risk: > 2.2185

Prognosis [6] Low risk Intermediate risk High risk

n = 5154 Sokal ELTS Sokal ELTS Sokal ELTS
% 38 55 38 28 23 13
10-year OS rate 89% 88% 81% 79% 75% 68%
6-year leukemia-related 

mortality
3% 2% 4% 5% 8% 12%

http://www.leukemia-net.org/content/leukemias/cml/elts_score/index_eng.html
http://www.leukemia-net.org/content/leukemias/cml/elts_score/index_eng.html
http://www.leukemia-net.org/content/leukemias/cml/elts_score/index_eng.html
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for response assessment. CyR is assessed by cytogenetic 
testing of bone marrow cells, but this can be substituted 
with fluorescence in situ hybridization (FISH) of peripheral 
neutrophils. MR is assessed from the level of BCR::ABL1 
expression determined by quantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) with peripheral blood. 
The quantitative assessment of BCR::ABL1 gene expression 
is based on the ratio to the level of expression of ABL1 or 
another gene of interest, standardized to the IS and expressed 
as BCR::ABL1IS. The objective of first-line treatment is to 
obtain an optimal response, defined as BCR::ABL1IS of 

10% or lower or partial CyR (PCyR) by 3 months after the 
start of treatment, BCR::ABL1IS of 1% or lower or com-
plete CyR (CCyR) by 6 months, BCR::ABL1IS of 0.1% 
or lower or major MR (MMR) by 12 months, and main-
tenance of BCR::ABL1IS of 0.1% or lower after that point 
(Table 4). Monitoring should be performed frequently in 
case of warning, and changing treatments should be con-
sidered in case of treatment failure. Even when switching 
TKIs due to resistance or intolerance to the first-line TKI, 
the same criteria should be used for response assessment 
(Table 4). It is important to achieve at least MMR when 

Table 3  Response assessment criteria for CML

*BCR::ABL1IS: value standardized to the International Scale (from Reference 7)

Hematologic response (HR) Blood and bone marrow test findings and clinical findings

Complete HR (CHR) 1. WBC < 10,000/μL
2. PLT < 450,000/μL
3. No immature cells (blasts, promyelocytes, or myelocytes) in peripheral blood
4. No splenomegaly

Cytogenetic response (CyR) Percentage of Ph chromosome (BCR::ABL1) positive nucleated bone marrow 
cells

Complete cytogenetic response (CCyR) 0%
Major cytogenetic response (MCyR) 0–35%
Partial cytogenetic response (PCyR) 1–35%
Minor cytogenetic response (minor CyR) 36–65%

Molecular response (MR) Level of BCR::ABL1IS* gene expression (by RT-PCR)

Early molecular response (EMR) BCR::ABL1IS ≤ 10% after 3 months of treatment
BCR::ABL1IS ≤ 1% after 6 months of treatment

Major molecular response (MMR) BCR::ABL1IS ≤ 0.1%
Deep molecular response (DMR)
  MR4.0 BCR::ABL1IS ≤ 0.01%
  MR4.5 BCR::ABL1IS ≤ 0.0032%
  MR5.0 BCR::ABL1IS ≤ 0.001%

Table 4  Response to treatment with TKIs in CML

ELTS EUTOS long-term survival. CCA/Ph +  Clonal chromosomal abnormality in Ph + cells
*A deeper response (DMR) should be targeted if aiming for treatment-free remission (TFR). In this guideline, BCR::ABL1IS ≤ 0.0032%  (MR4.5) 
is considered an optimal DMR.
(From Reference 7)

Timing of evaluation Response

Optimal Warning Failure

Pre-treatment Not specified High-risk ELTS score, high-risk CCA/
Ph + 

Not specified

3 months BCR::ABL1IS ≤ 10% BCR::ABL1IS > 10% BCR::ABL1IS > 10% if confirmed within 
1–3 months

6 months BCR::ABL1IS ≤ 1% BCR::ABL1IS > 1–10% BCR::ABL1IS > 10%
12 months BCR::ABL1IS ≤ 0.1% BCR::ABL1IS > 0.1–1% BCR::ABL1IS > 1%
Then, and at any time thereafter BCR::ABL1IS ≤ 0.1%* BCR::ABL1IS > 0.1–1%, loss of ≤ 0.1% 

(MMR)
BCR::ABL1IS > 1%, treatment-resistant 

ABL1 mutation, high-risk CCA/Ph + 
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treating CML-CP, and quantitative RT-PCR is listed as an 
essential test in guidelines for CML treatment outside Japan 
published by organizations such as the ELN [7] and NCCN 
[8]. Deep molecular response (DMR) is defined as  MR4.0 at 
a BCR::ABL1IS level of 0.01% or lower,  MR4.5 at 0.0032% or 
lower, and  MR5.0 at 0.001% or lower. In this guideline, DMR 
is considered to be  MR4.5 because assessment at this level 
is covered by Japanese National Health Insurance (NHI).

Specific timing for assessing response to treatment with 
TKIs is as follows:

(1) Before starting treatment, a complete blood count with 
differential and cytogenetic testing of bone marrow 
(G-banding) are performed to determine the proportion 
of Ph-positive cells and whether additional chromo-
somal abnormalities are present. BCR::ABL1 mRNA 
is also quantified to confirm pre-treatment levels. If 
BCR::ABL1 cannot be detected by quantitative RT-
PCR to determine BCR::ABL1IS despite the patient 
having Ph-positive cells on cytogenetic testing of bone 
marrow or testing positive for the BCR::ABL1 fusion 
gene on FISH, the BCR breakpoint may be in an unu-
sual location, and its location must be confirmed by a 
method such as direct sequencing.

(2) During the period immediately following the start of 
treatment, a complete blood count with differential is 
performed once every week to once every 2 weeks.

(3) Quantitative RT-PCR to determine BCR::ABL1IS is 
performed with peripheral blood at the initial visit 
and then every 3 months until achievement of MMR. 
After achievement of MMR, it is performed every 3 to 
6 months.

(4) In the event of a marked increase in BCR::ABL1IS or 
treatment failure as defined by the 2020 ELN criteria, 
staging should be reconfirmed by bone marrow tests 
and additional chromosomal abnormalities assessed by 
cytogenetic testing of bone marrow. BCR::ABL1 point 
mutation analysis (not covered by Japanese NHI) can 
provide useful information for determining the treat-
ment plan.

Goal of treatment for CML

To date, the goal of treatment for CML has been no progres-
sion to blast crisis. However, it is now possible to achieve 
a long-lasting DMR in many patients through TKI therapy. 
Consequently, the goal of treatment is now beginning to shift 
to achievement of long-term treatment-free remission (TFR). 
In an imatinib discontinuation trial, some patients who had 
maintained DMR for at least 2 years after long-term imatinib 
therapy achieved long-term TFR [9]. In addition, all patients 
who lost DMR after discontinuation of imatinib regained 
DMR after resuming imatinib. Although further clinical 

trials are warranted to validate the feasibility of treatment 
discontinuation after achievement of DMR on a TKI, the 
position of these guidelines is that the discontinuation of 
TKI is acceptable in routine practice under careful supervi-
sion by a specialist. As a reference, these guidelines, as with 
the 2020 ELN recommendations [7] and NCCN guidelines, 
[8] mention requirements for discontinuation and the impor-
tance of periodic monitoring after discontinuation when dis-
continuing TKIs outside a clinical trial.

Ph‑negative myeloproliferative neoplasm (MPN)

Mutations that cause constitutive activation of the 
JAK–STAT signaling pathway are observed consistently in 
PV, ET, and PMF. Mutations in JAK2 are observed in over 
95% of patients with PV and about half of patients with ET 
and PMF, mutations in the thrombopoietin receptor gene 
MPL are observed in 3 to 8% of patients with ET and PMF, 
and mutations in calreticulin (CALR) are observed in 20 to 
30% of patients with ET and PMF and cause chaotic prolif-
eration of blood cells [10].

PV, ET, and PMF share general symptoms such as fever, 
weight loss, malaise, pruritus, and bone pain, and are 
prone to complication by thrombosis. Thrombosis has been 
reported to occur at a rate of 5.3 cases per 100 patient-years 
in PV, 4 to 8 in ET, and 2.23 in PMF, and is a major cause of 
death in PV and ET. MPNs also transform to acute myeloid 
leukemia (AML) in some patients. Eight-year survival rates 
for PV and ET are relatively favorable compared with the 
general population at 0.84 (0.77–0.90) and 0.91 (0.84–0.97), 
[11] but median survival for PMF is a poor 3.8 years [12]. 
Therefore, treatment selection should be aimed at prevent-
ing thrombosis for PV and ET, but at extending survival for 
PMF.

Polycythemia vera (PV)

Prognostic classification for PV [13]

The survival prognosis of PV is relatively favorable, and 
median survival of at least 10 years after treatment can be 
expected. Therefore, the primary focus of treatment is pre-
vention of thromboembolic complications. Patients aged 60 
years or older and patients with a history of thrombosis are 
classified as being at high risk for thrombosis (Table 5) [13, 
14].

Summary of treatments for PV of treatments for PV

(1) If patients have general risk factors for thrombosis such 
as hypertension, dyslipidemia, obesity, and diabetes, 
treatment for these conditions should be performed.
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(2) Phlebotomy plus low-dose aspirin is selected for 
patients at low risk for thrombosis (age < 60 years and 
no history of thrombosis).

(3) Cytoreductive therapy is added to phlebotomy plus 
aspirin for high-risk patients.

Essential thrombocythemia (ET)

Prognostic classification for ET

ET has a favorable survival prognosis, and patients can 
be expected to live nearly as long as their healthy coun-
terparts. Therefore, the primary focus of treatment is 

prevention of thromboembolic complications. Patients 
aged 60 years or older and patients with a history of 
thrombosis are classified as being at high risk for throm-
bosis [15]. A risk classification system that incorporates 
JAK2 mutations was recently proposed (Table 6) [14–16]. 
There is no consensus regarding whether or not WBC 
count, platelet count, or risk factors for cardiovascular 
lesions (e.g., hypertension, dyslipidemia, diabetes, and 
smoking) should be considered risk factors for thrombosis.

The survival prognosis is generally favorable, and a 
three-group risk classification system on the basis of fac-
tors such as age, WBC count at presentation, and history 
of thrombosis has been proposed (Table 7) [17, 18].

Table 5  Classification of 
thrombosis risk in patients with 
PV

Author Prognostic factors Risk classification

Barbui T et al. [14] Age < 60 years and no history of thrombosis Low risk
Age ≥ 60 years or history of thrombosis High risk

Tefferi A et al. [13] Age < 60 years
No history of thrombosis
Platelet count < 1,500,000/μL
No risk factors for cardiovascular disease (smoker, 

hypertension, congestive heart failure)
Meets all of the above criteria:

Low risk

Not classified into low- or high-risk group Intermediate risk
Age ≥ 60 years or history of thrombosis High risk

Table 6  Classification of thrombosis risk in patients with ET

Author Prognostic factors Risk classification

Barbui T et al. [14] Age < 60 years and no history of thrombosis Low risk
Age ≥ 60 years or history of thrombosis High risk

Ruggeri M et al. [15] Age < 60 years, no history of thrombosis, and platelet count < 1,500,000/μL Low risk
Age ≥ 60 years, history of thrombosis, or platelet count ≥ 1,500,000/μL High risk

Barbui T et al. [16] Age < 60 years and no history of thrombosis No JAK2 mutation Very low risk
JAK2 mutation Low risk

Age ≥ 60 years, no history of thrombosis, and no JAK2 mutation Intermediate risk
Age ≥ 60 years and JAK2 mutation High risk
History of thrombosis

Table 7  Risk classification for predicting survival in patients with ET

Author Prognostic factors Risk classification Median survival (years)

Wolanskyj et al. [17] Age < 60 years and WBC count < 15,000/μL Low risk 25.3
Age ≥ 60 years or WBC count ≥ 15,000/μL Intermediate risk 16.9
Age ≥ 60 years and WBC count ≥ 15,000/μL High risk 10.3

Passamonti et al. [18] Age ≥ 60 years (2) Low risk (0) Not reached
WBC ≥ 11,000/μL (1) Intermediate risk (1, 2) 24.5
History of thrombosis (1) High risk (3, 4) 13.8



 N. Takahashi et al.

Summary of treatments for ET

(1) Patients at low risk of thrombosis should be observed 
periodically.

(2) Patients at high risk of thrombosis should be treated 
with a combination of low-dose aspirin and cytoreduc-
tive therapy to prevent thromboembolic complications 
[19].

Primary myelofibrosis (PMF) and post‑polycythemia 
vera/post‑essential thrombocythemia myelofibrosis 
(post‑PV/ET‑MF)

Prognostic classification for myelofibrosis (MF)

For PMF, three versions of the International Prognostic 
Scoring System (IPSS), which are based on clinical data, 
and prognostic classification systems that integrate chromo-
somal abnormalities with mutation or clinical data have been 
reported. Among these classification systems, in the original 
IPSS, which comprises the 5 prognostic factors of age (> 65 
years), clinical symptoms (e.g., weight loss, night sweats, 

and fever), hemoglobin (Hb) level (< 10g/dL), WBC count 
at diagnosis (> 25,000/μL), and peripheral blast percentage 
(≥ 1%); [20] the Dynamic IPSS (DIPSS), which assigns dif-
ferent weights to these 5 factors; [21] and the DIPSS Plus, 
which adds cytogenetic abnormalities, platelet count, and 
transfusion dependence to the DIPSS, [22] the total score 
is used to classify the patient into one of four risk groups: 
Low, Intermediate-1 (Int-1), Intermediate-2 (Int-2), or High. 
These systems are useful for predicting the prognosis in Jap-
anese patients with PMF (Table 8) [20–23]. The Myelofi-
brosis Secondary to PV and ET Prognostic Model (MYSEC-
PM), which stratifies patients into four groups according 
to a score based on six independent unfavorable prognostic 
factors (age, Hb < 11 g/dL, peripheral blasts ≥ 3%, plate-
lets < 150,000/μL, constitutional symptoms, and absence of 
CALR mutation) has been shown to be useful for predicting 
prognosis in post-PV/ET-MF [23].

Summary of treatments for PMF and post‑PV/ET‑MF

(1) Treatment for Low and Int-1 risk groups: patients with-
out clinical symptoms or anemia should be observed 

Table 8  Prognostic models for PMF and post-PV/ET-MF

Prognostic model Unfavorable prognostic factors (score) Prognostic evaluation

Total score Risk classification Median survival (years)

IPSS [21] Age > 65 years (1)
Persistent fever, night sweats, and/or weight loss (1)
Hb < 10 g/dL (1)
WBC > 25,000/μL (1)
Peripheral blasts ≥ 1% (1)

0
1
2
 ≥ 3

Low risk
Intermediate-1 risk
Intermediate-2 risk
High risk

11.3
7.9
4.0
2.3

DIPSS/aaDIPSS [21] DIPSS:
Age > 65 years (1)
Persistent fever, night sweats, and/or weight loss (1)
Hb < 10 g/dL (2)
WBC > 25,000/μL (1)
Peripheral blasts ≥ 1% (1)

0
1–2
3–4
5–6

Low risk
Intermediate-1 risk
Intermediate-2 risk
High risk

Not reached
14.2
4.0
1.5

Age-adjusted DIPSS (< 65 years):
Persistent fever, night sweats, and/or weight loss (2)
Hb < 10 g/dL (2)
WBC > 25,000/μL (1)
Peripheral blasts ≥ 1% (2)

0
1–2
3–4
 ≥ 5

Low risk
Intermediate-1 risk
Intermediate-2 risk
High risk

Not reached
9.8
4.8
2.3

DIPSS plus [22] Unfavorable karyotypes (complex karyotype [≥ 3 abnor-
malities], + 8, -7/7q-, i(17q), -5/5q-, 12p-, inv(3), or 
11q23 abnormality) (1)

Platelets < 100,000/μL (1)
Need for transfusions (1)
DIPSS Intermediate-1 risk (1)
DIPSS Intermediate-2 risk (2)
DIPSS High risk (3)

0
1
2–3
4–6

Low risk
Intermediate-1 risk
Intermediate-2 risk
High risk

15.4
6.5
2.9
1.3

MYSEC-PM [23] Age (0.15/year)
Persistent fever, night sweats, and/or weight loss (1)
Hb < 11g/dL (2)
Platelets < 150,000/μL (1)
Peripheral blasts ≥ 3% (2)
No CALR mutation (2)

 < 11
 ≥ 11 to < 14
 ≥ 14 to < 16
 ≥ 16

Low risk
Intermediate-1 risk
Intermediate-2 risk
High risk

Not reached
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without intervention because survival time in this 
group is over 10 years. Patients with splenomegaly or 
general symptoms are treated with ruxolitinib.

(2) Treatment for Int-2 and High-risk groups: allogeneic 
hematopoietic stem cell transplantation (allo-HSCT) 
is the only curative treatment option at present, and is 
recommended for patients who do not have comorbidi-
ties and have a suitable donor. Patients not eligible for 
allo-HSCT are treated with ruxolitinib.

(3) Anemia is treated with RBC transfusions or anabolic 
steroids.
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Algorithm

Algorithm for CML

TKIs are currently the key drug for CML treatment. CML-
CP is treated with a TKI (imatinib, nilotinib, dasatinib, or 
bosutinib) selected with consideration to risk and patient 
characteristics (CQ1). If an optimal response is achieved 
after treatment is started, treatment is continued. In case of 
warning, frequent monitoring is performed (CQ2). In case 
of failure, treatment is switched to another second-genera-
tion TKI or ponatinib, or to asciminib in patients resistant 
or intolerant to two prior drugs (CQ3). High-risk patients 

should be identified and monitored to prevent cardiovascular 
adverse reactions associated with long-term TKI use (CQ4). 
Advanced CML that has progressed from CML-CP is treated 
with a TKI alone or in combination with chemotherapy for 
acute leukemia. Allo-HSCT is recommended in patients 
eligible for transplantation (CQ5). TFR is a new goal for 
CML treatment, and TKI discontinuation under periodic 
monitoring can be considered for patients who meet certain 
criteria (CQ6). The TKI dose can be reduced if necessary 
due to adverse events, age, or other patient characteristics. 
In patients maintaining DMR, the TKI dose may be reduced 
to avoid TKI-related adverse events (CQ7).
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Algorithm for MPN

The treatment approach for PV, ET, or PMF should be based 
on risk assessment.

The goal of treatment for PV and ET is to prevent throm-
bosis and hemorrhage. Low-dose aspirin and phlebotomy 
are effective for PV patients in all risk categories (CQ9). 
Cytoreductive therapy is not recommended for low-risk PV 
(CQ10), but recommended for high-risk PV. The therapeu-
tic target for hematocrit is less than 45% (CQ11, 13). Rux-
olitinib is beneficial for patients refractory or intolerant to 
hydroxyurea. Observation is the general approach for low-risk 
ET patients (< 60 years and no history of thrombosis), but 

antiplatelet therapy (with aspirin) is recommended for low-
risk ET patients with cardiovascular risk factors (smoking, 
hypertension, dyslipidemia, and diabetes) or JAK2 mutations 
to reduce risk of thrombosis (CQ9). Cytoreductive therapy is 
not recommended for low-risk ET (CQ10). High-risk patients 
with ET (≥ 60 years or history of thrombosis) are treated with 
low-dose aspirin and cytoreductive therapy. Hydroxyurea and 
anagrelide are options for cytoreductive therapy (CQ14). The 
therapeutic target for platelets in ET is not clear, but is often set 
at 400,000 to 600,000/μL in clinical trials (CQ12). When treat-
ing pregnant patients with PV/ET, intervention with low-dose 
aspirin is recommended. Concomitant low molecular weight 
heparin (not covered by Japanse NHI) should be considered if 
the pregnancy is high-risk (CQ15).
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MF consists of PMF and secondary MF that pro-
gressed from PV/ET. The treatment plan should be 
determined based on the risk classification (CQ16). 
The survival prognosis of MF is relatively good for the 
Low and Int-1 risk groups. The objective of treatment 
when symptoms such as anemia, general malaise, and 
bloating associated with splenomegaly are present is to 
alleviate those symptoms (CQ17). Observation without 
treatment is advisable for asymptomatic patients. Allo-
HSCT should be considered for Int-2 and High-risk 
group patients without comorbidities who have a suitable 
donor because the survival prognosis for these groups is 
unfavorable (CQ18). Allo-HSCT is the curative treatment 
option for MF. In patients ineligible for HSCT, ruxoli-
tinib can be expected to reduce splenomegaly and general 
symptoms, as well as to improve the survival prognosis 
(CQ17). For leukemic transformation of MF, induction 
therapy should be performed with a usual AML regimen, 
and allo-HSCT should be considered for transplant-eli-
gible patients (CQ19).

Fibrosis is not observed in the early stage of PMF (pre-
PMF), but the disease progresses into overt PMF with marked 
fibrosis. Although there is little evidence regarding treatment 
of pre-PMF, it is recommended to select a treatment approach 
based on risk of overt PMF (CQ20). Thromboprophylaxis 
should be considered for patients with a history of thrombosis 
or cardiovascular risk (CQ9).

CQ 1 What is recommended for treatment of newly diag-
nosed CML-CP?

Recommenda�on grade: Category 1
The first-genera�on TKI ima�nib (400 mg 
once daily [QD]) and the second-genera�on 
TKIs nilo�nib (300 mg twice daily [BID]), 
dasa�nib (100 mg QD), and bosu�nib (400 mg 
QD) are recommended for treatment of 
newly diagnosed CML-CP.
Recommenda�on grade: Category 2A
Treatment with a second-genera�on TKI is 
advisable for high-risk pa�ents, such as those 
with a high Sokal score before treatment. The 
four drugs have different adverse reac�on 
profiles, and thus it is recommended to select 
an appropriate drug with considera�on to 
comorbidi�es and other pa�ent 
characteris�cs.

Explanation

A trial comparing the first-generation TKI imatinib with 
combination of chemotherapy and interferon alpha (IFN-α) 
in newly diagnosed CML-CP (the IRIS trial) demonstrated 
the superiority of imatinib [1]. The long-term efficacy and 
safety of imatinib have also been shown: the 8-year OS rate 
was 85% (93% when only CML-related deaths were con-
sidered) and the 10-year OS rate was 83.3% [2, 3]. Similar 
results were confirmed in a clinical trial (Japan Adult Leu-
kemia Study Group [JALSG] CML202 study) in Japanese 
patients (7-year OS rate: 93%) [4]. Later trials compared 
high-dose (600–800 mg QD) imatinib with standard-dose 
(400 mg QD) imatinib but found no clear efficacy or safety 
benefit for high-dose imatinib [5].

Results of phase III trials comparing the second-genera-
tion TKIs nilotinib, dasatinib, and bosutinib against a control 
of imatinib have been published. Treatment with nilotinib 
300 mg BID (ENESTnd trial), [6] dasatinib 100 mg QD 
(DASISION trial), [7] or bosutinib 400 mg QD (BFORE 
trial) [8] yielded superior rates of CCyR and MMR at 12 
months compared with imatinib 400 mg QD. Although OS 
did not differ significantly, the rate of progression to AP/
BP was low, and the ENESTnd trial showed a significant 
decrease in CML-related mortality [9–11]. The above evi-
dence demonstrates that second-generation TKIs have supe-
rior efficacy to imatinib. On the basis of these results, treat-
ment with a second-generation TKI is considered advisable 
for high-risk patients, such as those with a high Sokal score 
before treatment. There is no consensus regarding which 
second-generation TKI should be used first because no study 
has directly compared second-generation TKIs [12]. How-
ever, in patients observed long-term, incidence of cardio-
vascular events is higher with second-generation TKIs than 
with imatinib [9, 10]. The four TKIs have different adverse 
reaction profiles, and thus it is recommended to select an 
appropriate first-line drug with consideration to comorbidi-
ties and other patient characteristics.
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CQ 2 What is the recommended method for monitoring 
response to TKI therapy?

Recommenda�on grade: Category 1
It is recommended to monitor BCR::ABL1
standardized to the IS (BCR::ABL1IS) by 
quan�ta�ve RT-PCR before TKI therapy and 
every 3 months a�er star�ng TKI therapy.

Explanation

Response monitoring for CML has conventionally been 
based on the percentage of Ph chromosomes determined by 
G-banding chromosome analysis of bone marrow, the per-
centage of BCR::ABL1 positive cells determined by FISH, 
and the BCR::ABL1 mRNA copy number determined by 
RT-PCR. Almost all patients treated with a TKI such as 
imatinib achieve MR, and thus the ELN recommendations 
have listed quantitative RT-PCR with peripheral blood as the 
main method for response assessment since the 2013 edition 
[1]. The 2013 ELN recommendations also listed cytogenetic 
analysis alongside quantitative RT-PCR as another option 
for countries where quantitative RT-PCR cannot be per-
formed following standardized methods, [1] but the 2020 
ELN recommendations only include quantitative RT-PCR 
[2]. The method for quantitative RT-PCR recommended in 
these guidelines is to determine the ratio of the mRNA copy 
number of BCR::ABL1 to the mRNA copy number of a ref-
erence gene such as ABL and standardize that ratio to the IS. 
This figure is expressed as BCR::ABL1IS. In Japan, quanti-
tative RT-PCR to determine BCR::ABL1IS became covered 
by NHI in April 2015, and this test is recommended at the 
start of TKI treatment and every 3 months thereafter [2]. 
However, it is important to be aware that this test may not 
detect rare BCR::ABL1 variants with a breakpoint other than 
e13a2(b2a2) or e14a2(b3a2).

Subset analysis in the IRIS study showed very favora-
ble outcomes for patients who achieved an MMR 
(BCR::ABL1IS ≤ 0.1%) at 18 months of treatment with 
imatinib as evidenced by the 7-year event-free survival 
(EFS) rate of 95% and 7-year progression-free survival 
(PFS) rate of 99%. There have been no reports of a patient 
who achieved MMR at 12 months after starting imatinib 
therapy progressing to CML-AP/BP sooner than 8 years, 
[3–5] and thus MMR determined by quantitative RT-PCR 
has become established as a surrogate marker for predicting 
long-term survival. Phase III trials comparing the second-
generation TKIs nilotinib and dasatinib against a control 
of imatinib (ENESTnd [6, 7] and DASISION [8, 9] trials) 
showed that early molecular response (EMR) defined as 
BCR::ABL1IS ≤ 10% after 3 months of treatment is a surro-
gate marker that predicts 5-year PFS and 5-year OS regard-
less of the TKI used. Similarly, the NEW TARGET study, 
an observational study in Japanese patients with CML-CP, 
showed that achieving EMR after 3 months of treatment 
was a predictor of good 5-year PFS regardless of the TKI 
used [10].
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CQ 3 What are the recommended second, third, and 
later-line therapies after a response of warning or fail-
ure according to the ELN response assessment criteria?

Recommenda�on grade: Category 2A
• Treatment with a second-generation TKI not 

previously used (nilotinib, dasatinib, or 

bosutinib), selected with consideration to 

results of ABL1 point mutation analysis, is 

recommended as second-line therapy for 

CML-CP.
• Treatment with a second-generation TKI not 

previously used, a third-generation TKI 

(ponatinib), or a STAMP inhibitor 
(asciminib), selected with consideration to 

results of ABL1 point mutation analysis, is 
recommended as third- and later-line 

therapy for CML-CP.

• Ponatinib is recommended if T315I 
mutation is detected by ABL1 point mutation 

analysis.

Explanation

Second‑line therapy

Response to first-line therapy is assessed per the 2020 ELN 
criteria [1]. If the response is warning, the patient is moni-
tored frequently to ascertain whether the response is optimal 
or failure before the next evaluation timepoint in 3 months. 
Confirming whether adherence has decreased or treatment 
was interrupted due to adverse reactions and performing 
pharmacokinetic tests (e.g., evaluation of trough concen-
tration) also informs assessment of resistance to treatment. 
When the response is warning, changing the TKI is optional, 
and the decision is made with consideration to the patient's 
age, comorbidities, and tolerance of treatment, and whether 
the goal of treatment is TFR. However, changing the TKI is 
essential if the response is failure. First, testing for ABL1 
kinase domain point mutations and additional chromosomal 
abnormalities is performed, and a second-generation TKI 
(nilotinib, dasatinib, or bosutinib) is then selected as an 
appropriate second-line therapy depending on which muta-
tions were detected [2]. Response to second-line therapy is 
assessed using the same criteria used for first-line therapy 
[1].

A phase II trial in which patients resistant or intolerant 
to imatinib were switched to nilotinib 400 mg BID showed 
favorable outcomes after 48 months of follow-up (CCyR 
rate: 45%, 4-year OS rate: 78%) [3]. In the final report from 
a phase III trial in which patients resistant or intolerant to 
imatinib were randomly assigned a dasatinb dose of 100 mg 
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QD, 50 mg BID, 140 mg QD, or 70 mg BID, outcomes at the 
7-year mark were favorable in the 100 mg QD group (MMR 
rate: 46%, PFS rate: 42%, OS rate: 65%) and comparable 
in the other dose groups [4]. A phase I/II trial in which 286 
patients resistant or intolerant to imatinib were switched to 
bosutinib showed favorable outcomes after 4 years of follow-
up (cumulative CCyR rate: 49%, 2-year OS rate: 91%) [5].

Third‑ and later‑line therapy

Ponatinib and asciminib have been shown to be beneficial in 
CML resistant or intolerant to two or more TKIs. Switching 
to ponatinib 45 mg QD yielded a CCyR rate of 46% and an 
MMR rate of 34% in a phase II trial (PACE trial) within 1 
year of treatment in patients with TKI-resistant/intolerant 
CML heavily pretreated with second-generation TKIs and 
patients with the T315I mutation, [6] and in the final report 
at the 5-year mark, the MMR rate was 40%, MR4.5 rate was 
24%, and OS rate was 73% [7].

Asciminib, which became commercially available in 
2022, is a first-in-class STAMP (specifically targeting the 
ABL myristoyl pocket) inhibitor that differs from conven-
tional ATP-competitive TKIs in that it inhibits ABL1 kinase 
by binding to the myristoyl pocket of ABL1. A randomized 
phase III trial of asciminib 40 mg BID versus bosutinib 500 
mg QD for CML-CP resistant/intolerant to two or more 
TKIs (ASCEMBL trial) showed that asciminib had superior 
efficacy and safety (24-week MMR rate: 25.5% vs. 13.2%, 
rate of treatment discontinuation due to adverse events: 5.8% 
vs. 21.1%) [8].

T315I mutation

If point mutation analysis of the ABL1 kinase domain 
shows a T315I mutation, ponatinib should be selected 
because all second-generation TKIs are ineffective 
against this mutation. In the abovementioned PACE trial 
of ponatinib, the 5-year MMR rate was 58% and OS rate 
was 66% among patients with the T315I mutation at base-
line, indicating that long-term treatment efficacy was 
not inferior [7]. In the phase I trial of asciminib, 5 of 18 
CML-CP patients (28%) who were T315I-positive after 
treatment with at least one TKI achieved MMR within 
one year [9]. On the basis of these results, high-dose asci-
minib (200 mg BID) became the treatment of choice for 
T315I-positive patients, and the additional indication for 
T315I-positive patients was approved in the United States, 
but remains unapproved in Japan. The efficacy of asci-
minib 40 mg BID in T315I-positive patients is unknown 
because the ASCEMBL trial excluded patients with the 
T315I mutation.
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CQ 4 What is the recommended method for monitor-
ing for late adverse reactions of concern during TKI 
therapy?

Recommenda�on grade: Category 2B
It is necessary to evaluate risk factors for 
cardiovascular events (age, sex, blood 
pressure, lipid levels, diabetes, and smoking 
history) and periodically test pa�ents for 
atherosclerosis and pulmonary arterial 
hypertension before and during TKI therapy. 
Periodic tes�ng for chronic kidney disease 
(CKD) is also necessary.
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Explanation

Long-term TKI use can cause complications such as serious 
cardiovascular events (ischemic heart disease, pulmonary 
arterial hypertension [PAH], peripheral arterial disease, cer-
ebral infarction) and CKD.

Over the 10-year observation period in the ENESTnd trial 
and 5-year observation period in the DASISION trial, the 
incidence of cardiovascular adverse reactions was higher 
with second-generation TKIs (nilotinib and dasatinib) than 
the control of imatinib (ischemic cardiovascular events of all 
grades: 46/279 patients treated with nilotinib 300 mg BID 
vs. 10/280 patients treated with imatinib 400 mg QD, 12/258 
patients treated with dasatinib 100 mg QD vs. 6/258 patients 
treated with imatinib 400 mg QD) [1, 2]. In the BFRORE 
trial, which has followed patients for relatively short peri-
ods, the frequency of cardiovascular adverse reactions at 14 
months was comparable between bosutinib and the control 
of imatinib (14/268 patients treated with bosutinib 400 mg 
QD vs. 14/268 patients treated with imatinib 400 mg QD) 
[3]. The EPIC trial, which compared the third-generation 
TKI ponatinib against imatinib, was terminated early after 
14 months due to a high incidence of cardiovascular adverse 
reactions. Serious arterial occlusive events were reported in 
10 of 154 patients (6%) treated with ponatinib and 1 of 152 
(1%) treated with imatinib in the trial [4].

These events are dose-dependent, but the exact mecha-
nism of onset (e.g., off-target effects) is unknown, and thus it 
is unclear how to prevent them besides discontinuing TKIs. 
However, it is at least known that cardiovascular events are 
significantly more common in patients with comorbidi-
ties that contribute to those events (diabetes, hypertension, 
and dyslipidemia) [5]. Consequently, blood glucose and 
blood pressure should be strictly controlled, LDL choles-
terol should be controlled with a strong statin, and smokers 
should be instructed to quit smoking [6].

Results of a long-term observational study (NIPPON 
DATA 80 study) showed that age, sex, blood pressure, lipid 
levels, diabetes, and smoking history were risk factors for 
cardiovascular mortality [7]. Before treatment with TKIs, 
the patient's risk for cardiovascular events should be evalu-
ated with reference to these data. If the patient is high-risk 
(due to smoking with diabetes and/or dyslipidemia or old 
age), they should be fully informed of the risks and benefits 
of second-generation TKIs before consent to treatment is 
obtained. Periodic monitoring for atherosclerosis by simple 
noninvasive ankle brachial index assessment or carotid ultra-
sound is also recommended before and during treatment. 
It is currently unclear whether antiplatelet drugs are effec-
tive for primary prevention of TKI-related arterial occlusive 
events. However, preventive measures can be considered for 

patients who are at high risk for cardiovascular events or 
already have obvious atherosclerosis before TKI therapy.

Though rare, PAH has been reported with dasatinib in 
addition to ischemic heart disease [8]. PAH was reported in 
6 of 258 patients treated with dasatinib and 0 of 258 patients 
treated with imatinib as of the 5-year mark in the DASISION 
trial [2]. As it is not possible to predict which patients are at 
high risk of developing PAH during treatment with dasat-
inib, monitoring for PAH periodically is recommended for 
all patients. Periodic BNP testing and Doppler ultrasound 
are useful in screening and monitoring for PAH [8]. PAH is 
treated by discontinuation of dasatinib, and has even been 
shown to be reversible if treated early [9].

The incidence of CKD among patients who received 
imatinib, nilotinib, or dasatinib as first-line TKI therapy 
was 58 of 468 (14%), and 49 of those 58 patients (84%) had 
received imatinib (p < 0.001). Other factors associated with 
CKD besides imatinib were age, history of hypertension, 
and diabetes. Imatinib was shown to decrease GFR over 
time in patients without CKD at baseline [10]. Consequently, 
attention must also be paid to CKD during long-term TKI 
therapy.
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CQ 5 At what time during CML treatment should allo-
HSCT be considered?

Recommenda�on grade: Category 2A
• For newly diagnosed CML-BP patients and 

CML-AP/BP patients on TKI therapy, allo-
HSCT should be performed after treatment 

with a TKI or additional drugs aiming to 

achieve reversion to the chronic phase.

• In newly diagnosed CML-AP patients, 

treatment with a second-generation TKI 
should be attempted first. If the response to 

TKI therapy is inadequate, treatment with a 

TKI not previously used is recommended. If 
the response remains inadequate, 

preparations for allo-HSCT should be made.
• Allo-HSCT should be considered for CML-

CP patients resistant or intolerant to multiple 

TKIs and asciminib.

Explanation

Allo-HSCT is the only curative treatment option for CML, 
and until 2002, all CML patients with a suitable HLA-
matched donor were candidates for allo-HSCT. Although 
allo-HSCT is rarely chosen as first-line therapy for CML-CP 
today given the remarkable improvements in prognosis for 
CML brought about by TKIs and the availability of multiple 
selective TKIs, [1, 2] allo-HSCT remains an important treat-
ment option for CML-AP/BP.

For newly diagnosed CML-BP patients and CML-AP/BP 
patients on TKI therapy, allo-HSCT should be performed 
after treatment with a TKI or additional drugs aiming to 
achieve reversion to the chronic phase. In AP/BP patients, 
treatment should be approached with allo-HSCT in mind 
right from the beginning, and a donor search performed, 
because the duration of CP reversion is often short [3]. For 
CML-BP in particular, a TKI should be selected based on 

sensitivity, and combination with chemotherapy can be 
expected to improve response [4]. An ALL-style chemo-
therapy regimen that includes vincristine and a steroid is 
used for lymphoid BP, [5] whereas an AML-style regi-
men that includes cytarabine is used for myeloid BP [6]. 
The long-term survival rate of CML-AP/BP patients who 
achieve a second CP and undergo myeloablative allo-HSCT 
is approximately 30% to 40% [7]. Survival rates in a Japa-
nese study of allo-HSCT for CML-BP were 46.2% with a 
related donor and 43.9% with an unrelated donor at 1 year 
after HSCT, and 24.6% and 24.1% respectively at 5 years 
after HSCT [8].

Although no prospective randomized controlled trials 
(RCTs) have evaluated TKI therapy in newly diagnosed 
CML-AP, it is considered advisable to use second-gener-
ation TKIs from the beginning due to their greater efficacy 
[9]. Approximately 20% to 40% of AP patients achieve 
CCyR with a TKI alone, but the response is often not dura-
ble. In contrast, favorable 5-year PFS rates of 50% to 80% 
have been reported for allo-HSCT recipients [10]. Low-risk 
CML-AP patients without risk factors such as ≥ 12 months 
elapsed since CML diagnosis, hemoglobin ≤ 10 g/dL, or 
peripheral blasts ≥ 5% do not require urgent allo-HSCT. In 
one study, allo-HSCT improved prognosis in patients with 
any one of these risk factors, and treatment with TKI alone 
resulted in a particularly poor prognosis in patients with two 
or more risk factors [10].

Allo-HSCT remains indicated for CML-CP resistant or 
intolerant to TKIs. Patients who fail treatment with second-
line TKIs can achieve CCyR after third-line treatment with 
a TKI, particularly if the reason for switching is resistance 
rather than intolerance to the previous TKI, but the response 
rate is variable and the duration of response less certain [11]. 
Therefore, allo-HSCT must be considered for all CML-CP 
patients who do not achieve sustained CCyR after treatment 
with two or more TKIs or asciminib.

The T315I gatekeeper mutation is detected in approxi-
mately 20% of patients who do not achieve sustained CCyR 
after first-line TKI therapy. These patients were once 
included in the indications for HSCT, but the indication 
was later changed with the approval of ponatinib, which is 
also effective against T315I [12]. However, preparations for 
allo-HSCT should be made if a patient with T315I mutation 
shows early or acquired resistance to ponatinib and HSCT 
is feasible [13].

Although rare, severe thrombocytopenia may occur in 
TKI-treated patients despite appropriate TKI dose reduction 
and supportive measures such as cytokine therapy. This may 
lead to frequent treatment interruptions, preventing effec-
tive and sustained TKI therapy. These patients are likely to 
have insufficient remaining normal hematopoietic function 
to repopulate the bone marrow, so allo-HSCT is the only 
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effective treatment that can provide excellent long-term sur-
vival rate in this group.

The decision of whether to perform allo-HSCT for CML-
CP is particularly challenging, but some studies suggest that 
delayed HSCT is not always associated with a worse prog-
nosis [10, 14].
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CQ 6 Is it recommended to discontinue TKIs after 
achieving DMR if minimal residual disease (MRD) is 
not detected?

Recommenda�on grade: Category 2A
Discon�nua�on of TKIs can be considered for 
pa�ents who face obstacles to con�nuing TKIs 
such as trying to become pregnant or 
experiencing late adverse reac�ons, as well as 
pa�ents who have achieved DMR and meet 
certain criteria, as long as they are monitored 
periodically. If discon�nua�on is a�empted 
outside of a clinical trial, registra�on in the 
Japanese Society of Hematology (JSH) J-SKI 
registry by a hematologist is recommended.

Explanation

TFR is the new goal of CML-CP treatment. About half of 
patients diagnosed with CML-CP who maintained DMR 
for a certain period (≥ 1–2 years) after first-line therapy 
with imatinib (STIM trial, JALSG STIM213 trial) [1, 2], 
nilotinib (ENESTfreedom trial, JALSG N-STOP trial) [3, 
4], or dasatinib (first-line DADI trial, JALSG D-STOP 
trial) [5, 6] were able to maintain TFR without molecular 
relapse after TKI discontinuation. Moreover, about half of 
patients who were resistant or intolerant to the first-line 
TKI but were able to maintain DMR for a certain period 
after second-line therapy with nilotinib (ENESTop trial) 
[7] or dasatinib (DADI trial) [8] were able to maintain 
TFR even after TKI discontinuation. It should be noted 
that the TFR rate is very low in patients who switch TKIs 
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due to previous TKI resistance, so TKIs should not be 
discontinued in such patients at this time.

TFR is undoubtedly a goal of CML-CP treatment because 
it reduces health economical costs and avoids overtreatment 
and late toxicity associated with long-term treatment. In 
Europe and the United States, EURO-SKI and other large 
clinical trials have established criteria for safe completion 
of TKI therapy, and specialists discontinue TKI therapy in 
routine practice. It is particularly appropriate to consider 
discontinuation of TKI in special circumstances (e.g., when 
the patient is trying to become pregnant or is experiencing a 
serious adverse reaction) provided that strict MRD monitor-
ing by quantitative PCR is performed. TKI discontinuation 
trials conducted in Japan to date (e.g., JALSG STIM213, 
DADI, 1st DADI, NIL-Stop, STAT2, JALSG N-STOP, 
JALSG D-STOP) have further verified the feasibility of TKI 
discontinuation, and have not observed stage progression. 
Therefore, the JSH launched a new registry study called 
“Multi-Institutional Collaborative Study for Estimating the 
Persistence of Treatment Free Remission in Chronic Mye-
loid Leukemia after Stopping Tyrosine Kinase Inhibitor in 
Japan” (J-SKI) [9]. It is acceptable for a hematologist to 
attempt TKI discontinuation by enrolling the patient in the 
J-SKI registry.

The NCCN guidelines list the following as conditions 
that must be met to attempt TKI discontinuation outside of 
a clinical trial [10].

(1) Age ≥ 18 years.
(2) CML-CP with no history of CML-AP/BP.
(3) On TKI therapy for ≥ 3 years.
(4) Stable  MR4.0 for at least 2 years with testing ≥ 4 times 

at intervals of ≥ 3 months.
(5) Access to a reliable test that can detect  MR4.5 with 

results available within 2 weeks.
(6) BCR::ABL1 mRNA (IS) can be measured monthly for 

the first 6 months after discontinuation, once every 2 
months at 7–12 months, and every 3 months thereafter 
for patients maintaining MMR.

(7) In patients who resume TKI therapy after loss of MMR, 
BCR::ABL1 mRNA (IS) can be measured monthly until 
second MMR is confirmed, and every 3 months there-
after In patients who do not achieve MMR at 3 months 
after TKI resumption, BCR::ABL1 kinase domain 
mutation testing should be performed and monthly 
BCR::ABL1 mRNA (IS) monitoring must be continued 
for an additional 6 months.

Withdrawal syndrome, mainly presenting as musculo-
skeletal pain, may occur in 20% to 30% of patients after 
TKI discontinuation, although the pathogenic mechanism 
is unknown, so informed consent must be obtained before 

discontinuation. Withdrawal syndrome is transient and often 
resolves with symptomatic treatment [11].

Research has shown that a second attempt at TKI discon-
tinuation is possible in patients who were unable to maintain 
TFR after the first attempt but maintained DMR for a certain 
period of time after TKI resumption. The TFR rate at 24 
months after the second TKI discontinuation attempt was 
higher in patients who had maintained DMR for the first 
3 months after the first attempt than in other patients (72% 
vs. 36%) [12]. At present, little data exists regarding second 
attempts at TKI discontinuation, so this generally should 
only be done in a clinical trial. Lifelong MRD monitoring 
during TFR is required at this time because no data from 
long-term observation (≥ 10 years) are available and late 
molecular relapse cannot be completely ruled out.
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CQ 7 Is TKI dose reduction during TKI therapy for CML 
recommended?

Recommenda�on grade: Category 1
TKI doses must be adjusted in accordance 
with dose reduc�on criteria for TKI-related 
adverse events. The dose of pona�nib must 
be reduced to 15 mg while monitoring 
response to treatment (targe�ng IS ≤ 1%) to 
ensure long-term safety.
Recommenda�on grade: Category 2A
TKI doses can be reduced to avoid adverse 
events in elderly pa�ents and other pa�ents 
at high risk.
Recommenda�on grade: Category 2B
In pa�ents maintaining DMR, TKI doses may 
be reduced to avoid TKI-related adverse 
events.

Explanation

Dose adjustment based on TKI dose reduction 
criteria

Standard doses of TKIs (imatinib 400 mg QD, bosutinib 
400 mg QD, dasatinib 100 mg QD, and nilotinib 300 mg 
BID) have been established through clinical trials (IRIS, 
[1] BFORE, [2] DASISION, [3] and ENESTnd [4]) con-
ducted to develop TKIs for newly diagnosed CML-CP, 
but TKI doses must be adjusted in accordance with dose 

reduction criteria for TKI-related adverse events. The 
package inserts state that the dosage and administration 
should be reduced as appropriate based on the patient’s 
condition, and list criteria for treatment interruption and 
dose reduction based on adverse event severity.

The standard dose of ponatinib for CML was established 
as 45 mg QD in the PACE trial [5] started in 2010, and 
ponatinib was approved for treatment-resistant CML with 
the T315I mutation in the United States in 2012, Europe in 
2013, and Japan in 2016. However, unexpected vaso-occlu-
sive events were reported in high cardiovascular risk patients 
and adverse events were presumed to be dose-dependent, so 
beginning in 2013, the recommendation became to reduce 
the dose to 15 mg in patients who achieve MCyR and to 30 
mg in patients who do not achieve MCyR or who are pro-
gressing to AP. In Japan, the dosage for first-line ponatinib 
is 45 mg QD, but in consideration of the risks and benefits, 
Japanese clinicians have taken the approach of starting at a 
dosage of 15 mg or 30 mg QD, which has ensured safe use. 
An RCT (OPTIC trial) [6] that compared initial ponatinib 
doses of 15 mg, 30 mg, and 45 mg for CML resistant to prior 
therapy showed that 15- and 30-mg doses can have adequate 
efficacy in patients without the T315I mutation and with 
little TKI resistance, while reducing the incidence of vaso-
occlusive events. The dose of ponatinib must be reduced to 
15 mg while monitoring response to treatment (targeting 
IS ≤ 1%) to ensure long-term safety.

TKI dose reduction for elderly patients and high‑risk 
patients

The OPTIC trial [6] discussed above was the first large RCT 
to determine dose adjustment strategies for a TKI and may 
provide evidence for considering similar strategies for other 
TKIs. Although limited evidence exists to support a strategy 
of starting TKI therapy (with imatinib, bosutinib, dasatinib, 
or nilotinib) at a reduced dose, it may be useful in patients at 
high risk of TKI-related adverse events and elderly patients.

The standard dose of imatinib for newly diagnosed 
CML in the IRIS trial was 400 mg QD, [1] but a Japa-
nese prospective study in newly diagnosed CML (JALSG 
CML202) showed similar efficacy at 300 mg QD [7]. In 
the JALSG CML202 trial, trough levels of imatinib did not 
differ significantly between the 300 mg and 400 mg groups 
[7]. Although imatinib blood levels are dose-dependent, 
the Japanese population has unique single nucleotide poly-
morphisms in drug transporters such as ABCG2, which 
causes large individual variation in the distribution of 
blood levels [8]. As the proportion of patients reaching 
the target imatinib blood level of 1000 ng/mL or higher 
is significantly greater among patients who have achieved 
MMR compared with those who have not achieved MMR, 
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blood level monitoring is also useful to confirm adherence 
in patients who have not achieved MMR [9].

The standard dose of bosutinib for newly diagnosed 
CML is 400 mg QD based on the BFORE trial, [2] but 
CML specialists in Japan start with 200 mg QD and titrate 
up to 400 mg in many cases [10]. Besides providing sup-
portive care for diarrhea and other gastrointestinal prob-
lems, it is also possible to take early measures against liver 
injury, which is common in Japanese patients. However, if 
bosutinib is well tolerated, it is important to increase the 
dose up to the standard dose. Clinical trials in the develop-
ment stage have allowed for dose reduction to a minimum 
of 300 mg QD, but there is no evidence of long-term effi-
cacy at doses lower than this. A prospective clinical trial 
to validate the bosutinib dose titration approach for CML 
is currently underway in Japan.

The standard dose of dasatinib for newly diagnosed 
CML is 100 mg QD based on the DASISION trial [3]. 
However, studies in small, limited cohorts showed that 50 
mg QD can have similar efficacy, while avoiding adverse 
events such as pleural effusion and cytopenia [11–13]. 
It may be necessary to start treatment at a low dose in 
elderly patients considered to be at particularly high risk 
of adverse events. However, there is no evidence for low-
dose dasatinib in high-risk patients. When treating younger 
patients, it is also important to note that low-dose dasatinib 
may affect the likelihood of achieving TFR after DMR.

The standard dose of nilotinib for newly diagnosed 
CML is 300 mg BID based on the ENESTnd trial [4]. 
Over the long 10-year observation period in the ENESTnd 
trial, [14] the incidence of vaso-occlusive events was lower 
at 300 mg BID than at 400 mg BID, indicating that vaso-
occlusive event incidence may be dose-dependent as it is 
with ponatinib. A study in a small, limited cohort dem-
onstrated the usefulness and safety of 300 mg BID versus 
400 mg BID in second-line therapy as well [15]. Clinical 
trials in the development stage allowed for dose reduction 
to a minimum of 400 mg QD, but there is no evidence of 
efficacy at doses lower than this.

TKI dose reduction for patients maintaining DMR

TKI dose reduction to avoid late TKI-related adverse events 
may be considered for CML patients who have been on TKI 
therapy long-term (≥ 3 years) and have maintained DMR 
(IS ≤ 0.0032%) for at least 12 months. Regular IS monitoring 
after dose reduction is necessary to ensure the maintenance 
of deep response. A study where a mathematical model was 
created using data from independent clinical trials concluded 
that a 50% TKI dose reduction does not result in loss of 
long-term efficacy in patients who have already been main-
taining deep response [16].
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CQ 8 What is the recommended approach to management 
of pregnancy in a CML patient or patient's partner?

Recommenda�on grade: Category 2B
TKI therapy is not recommended for female 
CML pa�ents who are pregnant or 
breas�eeding. Treatment with IFN-α or 
discon�nua�on of TKI therapy is 
recommended during pregnancy. There is no 
need to recommend TKI discon�nua�on for 
male pa�ents.

Explanation

When a patient or patient’s partner is trying to conceive, 
they should be informed that these guidelines are based 
on empirical evidence, and the treatment plan should be 
determined carefully with consideration to the patient’s 
wishes and to risks.

When a CML patient on TKI therapy or their partner 
is trying to conceive

It is not necessary to discontinue treatment with imatinib 
or a second-generation TKI (including dasatinib, nilotinib, 
and bosutinib) in male patients trying to conceive with 
their partner. Several studies have shown that children of 

male patients who receive these treatments do not have 
a higher rate of congenital anomalies [1–3]. However, 
the teratogenicity of ponatinib and asciminib to children 
of male patients is unknown [3]. Although the effects of 
TKIs on fertility have not been fully investigated, one 
study showed no changes in sperm quality or morphol-
ogy after treatment with imatinib [3]. Sperm preservation 
before TKI therapy is an option, but no data exist on sperm 
quality in untreated male CML patients. The general risk 
of teratogenicity should be thoroughly discussed and the 
patient's wishes considered, but there is no need to discon-
tinue TKI therapy.

However, discontinuation of TKI therapy or switching 
to another treatment should be proactively considered for 
female patients trying to conceive [3]. This is because 
TKIs transfer into the placenta and the fetus, increas-
ing risks of both miscarriage and fetal anomalies [1–5]. 
Because patients who have achieved and maintained deep 
response have a good chance of achieving TFR, it is fea-
sible to discontinue TKI therapy before the patient starts 
trying to conceive (see CQ6) [3]. Therefore, the feasibil-
ity of TKI discontinuation should be considered carefully 
on a patient-by-patient basis while reviewing past treat-
ment history and response. Patients who are not suitable 
candidates for TKI discontinuation or who relapse after 
discontinuation are switched to INF-α [3, 6]. However, 
because non-TKI therapy risks disease progression, this 
decision should be made upon thorough discussion with 
the patient, with consideration to their condition and their 
wishes. Ideally, female patients should delay pregnancy 
until after a 6-month TFR monitoring period, when the 
risk of relapse after TKI discontinuation is lower [7]. If 
the patient becomes pregnant, close collaboration with 
an obstetrician specializing in high-risk pregnancies and 
periodic fetal ultrasounds are recommended [3]. In addi-
tion, breastfeeding is contraindicated during TKI therapy 
because TKIs transfer into breast milk [3, 8]. If a patient 
wishes to breastfeed, TKI therapy should be discontinued 
to avoid TKI exposure to the child [3, 8]. Pharmacokinetic 
studies of TKIs indicate that elimination of TKIs from the 
body takes at least a few days after TKI discontinuation 
[9].

When a CML patient on TKI therapy or their partner 
becomes pregnant

When a patient experiences an unexpected pregnancy during 
TKI therapy for CML, it is necessary to discuss the options for 
TKI therapy (whether to continue, discontinue, or change to 
another treatment) and the pregnancy (whether or not to con-
tinue) with the patient and make decisions in accordance with 
that patient’s wishes. TKIs are teratogenic due to off-target 
effects, so TKI exposure during pregnancy must be avoided, 
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especially during organogenesis [1–4]. Therefore, if pregnancy 
is suspected during CML treatment, TKIs should be stopped 
immediately and the patient should be tested to confirm preg-
nancy. Once a normal pregnancy is confirmed, the TKI is 
switched to IFN-α [3, 6]. However, in patients expected to 
maintain TFR, it is also an option to discontinue TKI therapy 
without switching to any other treatment upon confirmation of 
pregnant, as long as the patient is strictly monitored (see CQ6) 
[3]. Although some studies suggest that imatinib can be used 
safely in the second (16–27 weeks) and third (28–39 weeks) 
trimesters, it is not recommended at this time due to a lack of 
case data [3, 4]. Other TKIs besides imatinib are similarly not 
recommended [1–4]. For patients who have advanced CML or 
are refractory to IFN-α, the decision to use a TKI in the second 
or third trimester of pregnancy or terminate the pregnancy 
before 22 weeks should be made carefully and in accordance 
with the patient’s wishes after explaining the risks and ben-
efits. Whichever decision is made, the patient’s care should be 
managed in close coordination with an obstetrician specialized 
in high-risk pregnancies.

When CML was diagnosed during pregnancy

IFN-α is used for first-line treatment of CML in female 
patients diagnosed during pregnancy [3, 6]. Hydroxyurea 
and TKIs are not recommended. Leukapheresis for patients 
with marked leukocytosis is also an option during pregnancy 
[3]. Close observation can be another option for patients 
with mild leukocytosis, who may be able to delay treatment 
until after delivery [3]. For patients who have advanced 
CML or are refractory to IFN-α, the decision to use a TKI 
in the second or third trimester of pregnancy or terminate 
the pregnancy before 22 weeks should be made carefully 
and in accordance with the patient’s wishes after explain-
ing the risks and benefits. Whichever decision is made, the 
patient’s care should be managed in close coordination with 
an obstetrician specialized in high-risk pregnancies.
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CQ 9 Is aspirin recommended for all patients with PV/
ET/MF?

Recommenda�on grade: Category 1
Aspirin is recommended for all pa�ents with 
PV unless contraindicated.
Recommenda�on grade: Category 2A
For ET, aspirin may be useful for pa�ents with
thrombo�c risk or JAK2V617F muta�on, 
rather than for all pa�ents.
Recommenda�on grade: Category 2B
For MF, aspirin can be considered for pa�ents 
with a history of thrombosis or cardiovascular 
risk.

Explanation

For PV, a prospective RCT validated the benefit of aspirin 
for prevention of thrombotic and hemorrhagic complica-
tions [1]. The trial excluded patients with contraindications 
to aspirin and patients with clear indication for aspirin treat-
ment (e.g., a history of thrombosis), but set no age restric-
tions. In other words, aspirin is indicated for low-risk and 
some high-risk patients under the current criteria. Aspirin 
significantly reduced the combined incidence of nonfatal 
myocardial infarction, nonfatal stroke, death from cardio-
vascular causes, pulmonary embolism, and major venous 
thrombosis compared with placebo (relative risk [RR] 0.4, 
p = 0.03). Rates of hemorrhagic complications did not differ 
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between groups. A prospective cohort study also showed 
that use of antiplatelet drugs reduces cardiovascular events 
(RR 0.77) and mortality (RR 0.72) [2]. This study included 
all patients with PV regardless of age or history of thrombo-
sis. Based on evidence from these two clinical trials, aspirin 
is recommended in all patients with PV, regardless of age or 
history of thrombosis.

For ET, the thromboprophylactic effect of antiplatelet 
therapy has only been investigated in retrospective observa-
tional studies. An analysis of low-risk ET patients showed 
that antiplatelet therapy reduced the risk of venous throm-
bosis in patients with the JAK2 V617F mutation and the risk 
of arterial thrombosis in patients with cardiovascular risk 
[3]. On the other hand, antiplatelet therapy increased the 
risk of hemorrhage in patients with platelet counts higher 
than 1,000,000/μL. A retrospective observational study 
where low-risk ET patients were stratified based on driver 
mutations has been reported [4]. Antiplatelet therapy did not 
reduce the risk of thrombosis and actually increased the risk 
of hemorrhage in patients with CALR mutations. However, 
aspirin reduced the risk of venous thrombosis in patients 
with the JAK2 V617F mutation [4]. Therefore, universal 
aspirin administration is not recommended for low-risk ET; 
rather, the need for aspirin should be determined based on 
the type of driver mutation, cardiovascular risk status, and 
platelet count. Yet another retrospective observational study 
investigated the significance of adding antiplatelet therapy 
to cytoreductive therapy in high-risk ET patients (e.g., ≥ 60 
years or severe thrombocytosis) without a history of throm-
bosis [5]. This study showed that addition of antiplatelet 
therapy reduced the risk of thrombosis in patients aged 60 
years and older (incidence RR 0.2, p = 0.02) [5]. Further-
more, a retrospective observational study of recurrent throm-
bosis in PV and ET patients with a history of thrombosis 
demonstrated the efficacy of anticoagulant or antiplatelet 
therapy for reducing venous and arterial thrombosis when 
added to cytoreductive therapy [6]. On the basis of these 
results, addition of antiplatelet therapy to cytoreductive 
therapy is recommended for high-risk ET.

Thrombotic risk in PMF, particularly pre-PMF, is com-
parable to that in ET [7]. It has also been noted that patients 
with pre-PMF are more prone to hemorrhage than those with 
ET [8]. However, no clinical studies have validated whether 
aspirin reduces the risk of thrombosis in patients with PMF. 
According to expert opinion, aspirin should be considered 
in patients who is older than 60 years or cardiovascular risk 
factors, the JAK2 V617F mutation, or leukocytosis [9]. Aspi-
rin and anticoagulant therapy are also suggested as options 
for patients with a history of thrombosis.

Patients will sometimes develop acquired von Wille-
brand syndrome (AvWS) if their von Willebrand factor 
(vWF) level decreases due to a marked increase in platelet 
count (generally to > 1,000,000/μL) [10]. Treatment with 

aspirin alone can promote hemorrhage in such patients, and 
thus aspirin should not be started in patients with reduced 
vWF:RCo (ristocetin cofactor activity) until the platelet 
count is successfully reduced by cytoreductive therapy. In 
addition, patients with a platelet count less than 1,000,000/
μL can sometimes have a low vWF level as well, and thus 
testing for vWF:RCo is advisable for all patients with a 
bleeding tendency regardless of platelet count.
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CQ 10 Is cytoreductive therapy recommended for low-
risk PV/ET patients?
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Recommenda�on grade: PV - Category 3, ET -
Category 4
Cytoreduc�ve therapy with cytotoxic drugs to 
reduce thrombo�c risk is not recommended 
for low-risk PV/ET pa�ents.

Explanation

The ELN and NCCN guidelines also deem cytoreductive 
therapy to be unnecessary for low-risk PV/ET [1, 2]. How-
ever, supporting evidence from clinical trials is minimal.

One clinical trial of cytoreductive therapy for low-risk 
PV was the Low-PV trial, a randomized, prospective trial of 
ropeg-IFN-α 2b, which is not covered by Japanese NHI [3]. 
In this trial, low-risk PV patients were randomized to receive 
phlebotomy alone or ropeg-IFN-α 2b. The primary endpoint 
was the percentage of patients maintaining median hemato-
crit values of lower than 45% without progressive disease 
during the 12-month observation period. This rate was only 
60% with phlebotomy alone versus 84% with ropeg-IFN-α 
2b (odds ratio [OR] 3.5). Progression was observed in 4 
patients who received phlebotomy alone (3 with thrombo-
cytosis accompanied by erythromelalgia, 1 with splenic vein 
thrombosis).

In one prospective clinical trial, low-risk ET patients 
aged 40 to 59 years without hypertension or diabetes 
requiring therapy or marked thrombocytosis (platelet 
count ≥ 1,500,000/μL) were randomized to receive aspirin 
alone or aspirin plus hydroxyurea [4]. The primary end-
point was a composite of arterial or venous thrombosis, 
hemorrhage, and death from cardiovascular causes. Median 
follow-up time was 73 months. The hazard ratio for the pri-
mary endpoint was exactly the same in both groups, at 0.98. 
Therefore, the authors concluded that hydroxyurea should 
not be used in ET patients who meet these conditions [4].

The ELN and NCCN guidelines state that cytoreduc-
tive therapy may be indicated even for low-risk PV/ET in 
patients who are unable to continue phlebotomy due to iron 
deficiency symptoms or have marked thrombocytosis (plate-
let count > 1,500,000/μL), leukocytosis (WBC ≥ 15,000/μL), 
profound general symptoms, or progressive splenomegaly 
[1, 2]. However, a retrospective analysis by the Mayo Clinic 
in low-risk ET patients with marked thrombocytosis found 
that cytoreductive therapy had no effect on thrombosis-free 
survival rate [5]. No clinical trials have verified the efficacy 
of cytoreductive therapy for reducing general symptoms in 
low-risk PV/ET patients.
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CQ11 Is a hematocrit level of 45% recommended as a 
treatment target for PV?

Recommenda�on grade: Category 1
The target should be to control the 
hematocrit level below 45%.

Explanation

The first study on the relationship between hematocrit level 
and thrombogenicity in PV, which was published in 1978, 
showed that maintaining a hematocrit level below 45% 
reduces the incidence of thrombosis. [1]. Although this 
was a relatively small (69 patients) retrospective observa-
tional study, it has been viewed as a landmark study and 
has significantly impacted PV treatment practices. Several 
retrospective cohort studies later attempted to validate the 
benefit of maintaining a hematocrit level below 45%, but 
none found supporting results [2, 3]. The concept was finally 
validated in a prospective clinical trial (CYTO-PV trial) in 
2013, in which PV patients were randomly assigned to a 
hematocrit target below 45% or 45% to 50% [4]. The primary 
endpoint was time until death from cardiovascular causes 
or ischemic disorders (stroke, acute coronary syndrome, 
transient ischemic attack, pulmonary embolism, visceral 
thrombosis, deep-vein thrombosis, or peripheral arterial 
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thrombosis). A total of 365 patients were enrolled, and the 
median follow-up period was 31 months. The hazard ratio 
for reaching the primary endpoint was significantly higher 
(HR 3.91, p = 0.004) when the hematocrit target was 45% to 
50% versus below 45%. On the basis of the results from this 
trial, it is recommended to continue to target a hematocrit 
level below 45% when treating PV.
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CQ12 Is a platelet count of 400,000/μL recommended as 
a treatment target for ET?

Recommenda�on grade: Category 2B
The target platelet count in treatment is not 
clear. A target of 400,000 to 600,000/μL is 
o�en used in clinical trials, but there is li le 
evidence for se�ng a target below 
400,000/μL.

Explanation

The ELN response assessment criteria for ET require a 
platelet count below 400,000/μL as one criterion for com-
plete remission (CR) and partial remission [1]. However, 
they clearly state that this criterion should only be used for 
response assessment in clinical trials, and is not intended 
for use in routine practice. Analyses of the association of 
platelet count with thrombotic risk in ET have mainly been 
based on results of retrospective studies of cytoreductive 
therapy. In an analysis of ET patients treated with busulfan, 
incidence of thrombotic events was significantly lower in 

patients who maintained a platelet count below 600,000/
μL for more than 70% of the total time period [2]. In an 
analysis of 35 patients on long-term anagrelide therapy, 
all 7 thrombotic events occurred when platelet count was 
400,000/μL or higher [3]. A retrospective analysis of ET 
patients treated with anagrelide showed that the hazard ratio 
for thrombotic complications increases when platelet count 
exceeds 574,000/μL [4]. In contrast, an Italian analysis of 
657 patients with ET did not identify platelet count as a risk 
factor for thrombosis [5]. Similarly, an analysis of patients 
enrolled in the PT-1 trial, which compared the thrombopro-
phylactic efficacy of hydroxyurea and anagrelide, showed 
no correlation between platelet count and thrombotic risk 
[6]. Yet another study in ET patients treated with anagrelide 
showed no difference in the incidence rate of thrombosis and 
hemorrhage between those who fulfilled the ELN criteria for 
CR and those who did not [7]. In conclusion, although the 
target platelet count is often set at 400,000 to 600,000/μL in 
routine practice, there is little evidence to support a target 
less than 400,000/μL.
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CQ 13 What is recommended as cytoreductive therapy 
for high-risk PV?

Recommenda�on grade: Category 2A
Hydroxyurea is the drug of choice for 
cytoreduc�ve therapy.
Recommenda�on grade: Category 1
Ruxoli�nib is recommended in pa�ents 
intolerant or resistant to hydroxyurea.

Explanation

In a study that compared PV outcomes in 51 patients newly 
treated with phlebotomy plus hydroxyurea to 134 histori-
cal controls previously treated with phlebotomy alone, the 
incidence rate of thrombosis for 795 weeks after the start of 
treatment was 9.8% with hydroxyurea plus phlebotomy ver-
sus 32.8% with phlebotomy alone, indicating that addition 
of hydroxyurea to treatment for PV reduces the incidence of 
thrombosis [1]. In a later retrospective study of propensity-
matched PV patients who received phlebotomy alone versus 
hydroxyurea alone, the incidence of vascular events per 100 
person-years was 5.8 with phlebotomy versus 3 with hydrox-
yurea, the incidence of disease transformation was 1.11 ver-
sus 0.05, and mortality was 0.32 versus 0.11, with all figures 
lower for hydroxyurea.2 Although death and vascular events 
were less common in the low-risk group, hydroxyurea signif-
icantly reduced the incidence of these events in the high-risk 
group, indicating the benefit of hydroxyurea for high-risk 
PV. Patients treated with hydroxyurea are also more likely 
to achieve a hematocrit level below 45%, so hydroxyurea is 
recommended for high-risk patients.

Switching to ruxolitinib is recommended for patients 
intolerant or resistant to hydroxyurea. In a prospective RCT 
comparing ruxolitinib with best available treatment (BAT) 
in PV patients with splenomegaly who were intolerant or 
resistant to hydroxyurea, a hematocrit level below 45% was 
achieved in 60% of patients who received ruxolitinib versus 
19.6% of those who received BAT, and a 35% or greater 
reduction in spleen volume in 38.2% versus 0.9% [3]. In 
another study, ruxolitinib remained effective after 5 years in 
75% of patients in whom it was originally effective [4]. In 
another analysis, the number of thrombotic events per 100 
person-years at 80 weeks after the start of treatment was 
1.8 in patients treated with ruxolitinib versus 4.1 in patients 
crossed over from BAT to ruxolitinib (8.2 assuming no 
crossover), showing that promptly switching to ruxolitinib 

reduces the risk of thrombosis in patients intolerant or resist-
ant to hydroxyurea [5]. Even among PV patients intolerant 
or resistant to hydroxyurea who did not have splenomegaly, 
the percentage achieving hematocrit control was superior 
with ruxolitinib compared with BAT (62% vs. 19%) [6].

A retrospective study of 15 patients with PV and 21 
with ET demonstrated the benefit of busulfan for achieving 
hematologic remission in patients intolerant or resistant to 
hydroxyurea, but transformation to AML/MDS occurred in 
3 patients (including 1 with PV) [7]. A prospective obser-
vational study conducted after the prospective study on the 
thromboprophylactic effect of hydroxyurea for high-risk ET 
showed that patients treated with hydroxyurea after busul-
fan have a higher risk of secondary cancer, and a Swed-
ish registry study showed that the risk of transformation to 
AML/MDS from MPN increased 2.9-fold in patients who 
received 2 or 3 cytoreductive therapies, which indicates that 
careful management is required when using busulfan after 
hydroxyurea [8, 9].

The long-acting interferons, peg-IFN-α 2a [10] and 
ropeg-IFN-α 2b, [11, 12] have also achieved hematologic 
responses in previously untreated PV patients as well as 
those resistant or intolerant to hydroxyurea, though these 
drugs are not covered by Japanese NHI.
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CQ 14 What is recommended as cytoreductive therapy 
for high-risk ET?

Recommenda�on grade: Category 1
Hydroxyurea and anagrelide are 
recommended to prevent arterial and venous 
thrombosis and serious hemorrhage.

Explanation

High-risk ET patients are treated with cytoreductive 
therapy and antiplatelet therapy to prevent thrombosis. 
Hydroxyurea and anagrelide are options for cytoreductive 
drugs. Among these, hydroxyurea is the most commonly 
used in cytoreductive therapy. In an RCT, hydroxyurea 
significantly reduced the incidence of thrombosis over a 
27-month follow-up period compared with observation 
(3.6% vs. 24%) [1]. Hydroxyurea and anagrelide have been 
directly compared in cytoreductive therapy for high-risk 
ET in two RCTs. One of these trials was conducted in 809 
patients with ET diagnosed by the PVSG criteria, 82% of 
whom were previously treated. The conclusion of the trial 
was that anagrelide plus low-dose aspirin poses a lower 
risk of venous thrombosis than hydroxyurea plus low-dose 
aspirin, but yields shorter EFS due to high incidence of 

atrial thrombosis, serious hemorrhage, and progression to 
myelofibrosis [2]. The other trial was conducted in 253 
previously untreated patients with ET diagnosed by the 
2008 WHO classification who were undergoing primary 
therapy (most trial patients received anagrelide or hydrox-
yurea alone, but 28–29% received combination therapy 
with aspirin). Anagrelide and hydroxyurea had a similar 
incidence of thrombosis and hemorrhage, and their EFS 
did not differ significantly [3]. In a prospective observa-
tional study of 3611 high-risk ET patients, the number of 
thrombotic events per 100 person-years was lower with 
anagrelide than with other cytoreductive therapy (1.62 vs. 
2.06), though these results require careful interpretation 
because the median age was just 56 years in the anagrelide 
group (n = 804) versus 70 years in the other cytoreduc-
tive therapy group (n = 2807, including 2341 treated with 
hydroxyurea) [4]. However, major hemorrhagic events 
were more common with anagrelide than with other 
cytoreductive therapy drugs (0.89 vs. 0.43). More than 
80% of patients in the other cytoreductive therapy group 
received hydroxyurea. Considered alongside those of the 
prospective RCTs discussed above, both anagrelide and 
hydroxyurea are recommended as first-line cytoreductive 
therapy drugs for high-risk ET.

IFN-α is not covered by Japanese NHI, but has shown 
benefit for high-risk ET. In a single-arm study in 123 
patients with high-risk ET, 90 patients had an overall 
hematologic response [5]. Peg-IFN-α 2b, a long-acting 
IFN, also has shown efficacy: in a single-arm trial of 36 
patients with high-risk ET, 67% achieved platelet count 
control at 12 months [6].
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CQ 15 What treatments are recommended for pregnant 
patients with ET/PV?

Recommenda�on grade: Category 2B
Interven�on with low-dose aspirin is 
recommended. For high-risk pregnancies, 
addi�on of low molecular weight heparin 
(LMWH) (not covered by Japanese NHI) 
should be considered.

Explanation

In a meta-analysis of 22 studies that included 1210 preg-
nancies in 762 women with MPN, the live birth rate was 
71.3%. This study included 159 pregnancies in women with 
PV and 815 in women with ET, and the live birth rates in 
these groups were 66.7% and 71.1%, respectively [1]. First-
trimester miscarriages accounted for 59.1% of miscarriages. 
Another meta-analysis of pregnancy in women with ET (21 
studies, 504 pregnant women, 756 pregnancies) showed very 
similar results, with a 74% live birth rate and 73% of mis-
carriages occurring in the first trimester [2]. These results 
show that early miscarriage is common in pregnant patients 
with PV/ET.

In the abovementioned systematic review on MPN during 
pregnancy, treatment with aspirin (227 patients) or IFN-α 
(90 patients) improved the live birth rate (OR 8.6 and 9.7, 
respectively) [2]. Addition of heparin to aspirin did not 
improve the live birth rate. One meta-analysis in patients 
with ET investigated maternal thrombosis and hemorrhage 
[2]. These events did not occur in any of 82 pregnancies 
when LMWH was used, compared to 8 of 407 pregnancies 
(2.5%) when LMWH was not used. Six events of antepar-
tum venous thromboembolism occurred in 212 pregnancies 
(4.2%) when aspirin was used alone without heparin, com-
pared to 0 events in 71 pregnancies when both heparin and 
aspirin were used. In the postpartum period, venous throm-
boembolism occurred in 0 of 96 pregnancies when LMWH 
was used, versus 6 of 229 pregnancies (4.4%) when LMWH 
was not used. Hemorrhagic events were observed in the 
antepartum period in 0% of 82 pregnancies when LMWH 

was used and 4.0% of 407 pregnancies when LMWH was 
not used. In the postpartum period, hemorrhagic events 
were observed in 2.9% of pregnancies regardless of whether 
LMWH was used.

Although no RCTs have compared intervention with 
no intervention, low-dose aspirin is recommended during 
pregnancy and for 6 weeks postpartum to prevent vascular 
thrombotic events and miscarriage in pregnant patients 
with ET/PV. Aspirin should be temporarily discontinued 
or switched to LMWH (not covered by Japanese NHI) 1 to 
2 weeks before delivery. LMWH should be discontinued 
12 to 24 h before delivery. It is important to work in close 
collaboration with the patient’s obstetrician, including in 
deciding when to discontinue aspirin to prepare for anes-
thesia at delivery. At the same time, hematocrit should be 
maintained at < 45% for PV.

Pregnancies where the patient has a history of thrombo-
sis, hemorrhage, previous miscarriage attributed to MPN, 
fetal developmental delay, stillbirth, placental insuffi-
ciency, serious eclampsia, or a platelet count persistently 
exceeding 1,500,000/μL are considered high-risk pregnan-
cies. Addition of LMWH to aspirin is recommended for 
high-risk pregnancies with a history of major thrombo-
sis or serious complications in a previous pregnancy, but 
aspirin should be discontinued if hemorrhage is observed. 
In patients with a platelet count exceeding 1,500,000/μL, 
IFN-α (not covered by Japanese NHI) should be used to 
reduce platelet count. The JAK2 V617F mutation in par-
ticular is an independent predictor of miscarriage, and it 
is suggested that reducing platelet count using IFN-α may 
prevent complications [3]. Use of IFN-α should be con-
sidered for increased platelet count instead of aspirin in 
patients with a history of major hemorrhagic events. IFN-α 
is the preferred cytoreductive therapy drug. Hydroxyurea 
is contraindicated during pregnancy, and breastfeeding 
mothers should be instructed to stop breastfeeding before 
taking it.

In a Japanese case series of 10 pregnancies in 9 patients 
with ET who were treated with aspirin and IFN-α, all preg-
nancies resulted in healthy children [4].
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CQ 16 What risk classification systems are recommended 
for MF (PMF and post-PV/post-ET-MF)?

Recommenda�on grade: Category 2A
The recommended risk classifica�on systems 
for PMF are the IPSS, DIPSS, and DIPSS plus.
Recommenda�on grade: Category 2B
The recommended risk classifica�on system 
for post PV/post ET-MF is MYSEC-PM.

Explanation

Prognostic models for PMF include three versions of IPSS, 
which are based on clinical data, [1–3] the Genetically 
Inspired Prognostic Scoring System for Primary Myelofi-
brosis (GIPSS), [5] which is based on chromosomal abnor-
malities and mutation data, the Mutation-enhanced Inter-
national Prognostic Score System for Transplantation-age 
Patients with Primary Myelofibrosis (MIPSS70), [5] which 
integrates clinical data and mutation data by setting the age 
of indication for transplantation at 70 years or younger, 
and the MIPSS70 Ver 2.0, [6] which incorporates new Hb 
thresholds based on cytogenetic abnormalities, mutations, 
and sex. As routine testing for high-molecular-risk mutations 
in ASXL1, SRSF2, EZH2, IDH1, IDH2, and U2AF1 in PMF 
is not feasible, models based on clinical data are the most 
practical. These are the original IPSS, which comprises the 
5 prognostic factors of age (> 65 years), clinical symptoms 
(e.g., weight loss, night sweats, and fever), Hb level (< 10 g/
dL), WBC count at diagnosis (> 25,000/μL), and peripheral 
blast percentage (≥ 1%); [7] the DIPSS, which assigns dif-
ferent weights to these 5 factors; [7] and the DIPSS Plus, 
which adds cytogenetic abnormalities, platelet count, and 
transfusion dependence to the DIPSS [3]. The total score is 
used to classify the patient into one of four risk groups: Low, 
Int-1, Int-2, or High. In a study that applied these models to 
data from Japanese patients with PMF, the IPSS and DIPSS 
performed poorly for differentiating between the Int-2 and 
high-risk groups, but the DIPSS plus was able to differenti-
ate these groups [8]. The current treatment guidelines, which 
divide patients into Low/Int-1-risk and Int-2/High-risk 

categories for treatment planning purposes, allow any clas-
sification system to be used for treatment selection, but the 
DIPSS plus is the most appropriate for Japanese patients 
because it offers more precise prognostic modeling.

Similar treatment approaches are used for PMF and post-
PV/ET-MF because these entities have similar mutations 
and symptoms. Three studies that investigated the appli-
cability of systems developed for PMF (IPSS, DIPSS, and 
DIPSS plus) to post-PV/ET-MF showed conflicting results: 
two studies showed that these systems are not applicable, 
but one study showed that they are applicable [9–11]. The 
MYSEC-PM, which was developed for post-PV/ET-MF, 
stratifies patients into 4 groups according to a score based on 
six independent unfavorable prognostic factors (age, Hb < 11 
g/dL, peripheral blasts ≥ 3%, platelets < 150,000/μL, consti-
tutional symptoms, and absence of CALR mutation), and was 
shown to be superior to the IPSS as a prognostic model for 
post-PV/ET-MF [12]. In a separate cohort, MYSEC-PM per-
formed better than the IPSS for prognostic stratification of 
PET/PPV-MF [13]. The difference in treatment may impact 
the applicability of prognostic models. MYSEC-PM is also 
a useful prognostic model for post-PV/ET-MF treated with 
ruxolitinib [14].
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CQ 17 Is ruxolitinib recommended for MF (PMF and 
post-PV/post-ET-MF)?

(1) Low-risk MF (2) High-risk MF (3) Before allo-HSCT 
in transplant-eligible patients.

Recommenda�on grade: Category 2A (low-
risk MF), Category 1 (high-risk MF), Category 
2B (before HSCT in transplant-eligible 
pa�ents)
Ruxoli�nib is recommended for high-risk MF 
pa�ents and for low-risk MF pa�ents with 
splenomegaly or general symptoms. In 
pa�ents eligible for allo-HSCT, consider 
ruxoli�nib 
account of �ming of HSCT.

administra�on, taking into the 

Explanation

Two randomized phase III trials of ruxolitinib, a JAK1/JAK2 
inhibitor for PMF and post-PV/post-ET-MF, demonstrated 
the superiority of ruxolitinib to placebo or available ther-
apy for reducing spleen volume (the primary endpoint) in 
patients whose risk group was Int-2 or higher and had sple-
nomegaly (≥ 5 cm) and a platelet count of at least 100,000/
μL. Ruxolitinib significantly reduced general symptoms as 
well [1, 2]. Results of long-term observation suggest that 
ruxolitinib also helps to improve OS [3]. An observational 
study of 1010 patients in the ERNEST study also showed a 
survival benefit with ruxolitinib (median survival time 6.7 
years with ruxolitinib vs. 5.1 years with hydroxyurea) [4]. 
The survival benefit was observed in patients whose risk 
group was Int-2 or higher. Later, a phase IIIb expanded-
access trial showed ruxolitinib to be effective in patients 
with platelet counts between 50,000 and 100,000/μL [5]. 
Based on these results, ruxolitinib is recommended for Int-2 
or higher-risk MF patients who have splenomegaly and gen-
eral symptoms. It is important to note that improvement in 
general symptoms can be achieved by a low dose of rux-
olitinib, but other effects such as spleen volume reduction 
requires higher dose of ruxolitinib.

No published studies have directly compared survival 
benefit between ruxolitinib and allo-HSCT, so allo-HSCT 
is recommended for patients who are younger, do not have 
comorbidities, and have a suitable donor. The role of ruxoli-
tinib before HSCT in transplant-eligible patients was inves-
tigated in small single-arm uncontrolled prospective stud-
ies and retrospective analyses, and their results show that 
ruxolitinib could improve performance status before HSCT, 
but its effect on post-transplant prognosis is unclear [6–9]. 
These studies suggest that patients who respond to ruxoli-
tinib may have a better post-transplant prognosis. Preven-
tive measures such as gradual dose reduction before starting 
conditional regimens should be taken to avoid rebound after 
discontinuation of ruxolitinib. The 3-year continuation rate 
of ruxolitinib in clinical trials to date has been about 50%, so 
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the timing of HSCT should also be taken into account when 
starting ruxolitinib therapy in transplant-eligible patients.

For low-risk MF: clinical trials that included Int-1 
patients have demonstrated the efficacy of ruxolitinib for 
reducing spleen size and general signs and symptoms [5, 10, 
11]. Therefore, ruxolitinib is also recommended for low-risk 
patients if they have splenomegaly or general symptoms. 
However, as with high-risk MF patients, the timing of HSCT 
should also be taken into account when starting ruxolitinib 
therapy for transplant-eligible patients.
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CQ 18 Is allo-HSCT recommended for patients with MF 
(PMF and post-PV/post-ET-MF), and what are the recom-
mended transplant sources and conditioning regimens?

Recommenda�on grade: Category 2B
Allo-HSCT is recommended for younger 
pa�ents in the Int-2 or higher-risk group who 
do not have any comorbidi�es and have a 
suitable donor.

Explanation

At present, allo-HSCT is the only curative treatment option 
for MF (PMF and post-PV/post-ET-MF). Transplanted 
hematopoietic stem cells can engraft even in the presence 
of marked fibrosis in the bone marrow, and bone marrow 
fibrosis resolves with engraftment in over half of patients. 
Although most studies of allo-HSCT for MF have been ret-
rospective analyses, many show an OS rate of 40% to 50%, 
[1–5] and long-term survival is achievable in patients who 
survive the first 2 years after transplantation [6] In an analy-
sis using data from the Japanese Transplant Registry Uni-
fied Management Program (TRUMP), OS outcomes after 
first transplantation for PMF, by donor source, were 63% for 
related bone marrow, 43% for related peripheral blood, and 
41% for unrelated bone marrow (5-year OS rates), and 36% 
for cord blood (2-year OS rate) [7]. These results clearly 
demonstrate that allo-HSCT can be curative for PMF and 
post-PV/post-ET-MF, and thus allo-HSCT is recommended 
in transplant-eligible patients.

A study that retrospectively analyzed survival rates 
among patients who received and did not receive allo-HSCT 
showed that mortality risk from allo-HSCT is lower for PMF 
patients whose DIPSS risk group is int-2 or high and who 
are younger than 65 years [1, 2, 5]. Consequently, allo-
HSCT is recommended for patients younger than 65 years 
whose DIPSS risk group is int-2 or high. However, various 
issues with allo-HSCT have been noted, including that typi-
cal myeloablative conditioning has a high treatment-related 
mortality rate of 30% to 40%, and that the older age of onset 
results in few patients with PMF being eligible for transplan-
tation. According to a 2015 consensus report by an EBMT/
ELN international working group, allo-HSCT is indicated 
for PMF patients younger than 70 years whose risk group 
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is int-2 or high, and patients younger than 65 years whose 
group is int-1 and have criteria that put them at high risk 
for leukemic transformation (e.g., transfusion dependence, 
peripheral blasts > 1%, adverse cytogenetics, triple-negative 
disease, and the ASXL1 mutation) [8].

As for stem cell sources, many studies have shown that 
risk of treatment-related (non-relapse) mortality after HSCT 
is higher when cells are obtained from an unrelated donor 
in comparison with an HLA-matched sibling donor [9–11]. 
In one prospective study of allo-HSCT with nonmyeloab-
lative conditioning (MPD-RC101) with fludarabine and 
melphalan, and anti-thymocyte immunoglobulin (ATG) in 
unrelated transplants, transplant outcome from other than 
HLA-matched related donors was poor, with a higher rate of 
graft failure and lower survival rates, but recent studies are 
showing that the gap in transplant outcomes by cell source 
is shrinking. A retrospective analysis from Japan identified 
frequent transfusions before transplantation and use of cord 
blood grafts as risk factors for non-relapse mortality after 
transplantation, and found that infection was a major cause 
of death after cord blood transplantation [7]. However, stem 
cell source was not identified as a risk factor for all-cause 
mortality. Therefore, an HLA-matched unrelated donor or 
cord blood may be options for patients without an HLA-
matched donor, though these choices increase the risk of 
non-relapse mortality. An increasing number of case reports 
on HSCT with HLA-haploidentical donor cells have been 
published, and these have been shown to be a stem cell 
source that can be selected for MF as well, but it is impor-
tant to be aware of the risks of graft failure and non-relapse 
mortality [12–14].

Myeloablative and nonmyeloablative conditioning are 
both options, as retrospective analyses have shown no dif-
ference in OS between the two, but myeloablative condi-
tioning is recommended for younger patients because it 
offers better GVHD-free and relapse-free survival [10, 11, 
15, 16]. The optimal conditioning regimen is unclear due 
to a lack of prospective studies on allo-HSCT for MF. The 
main regimens used for nonmyeloablative conditioning are 
fludarabine plus busulfan or fludarabine plus melphalan, but 
various aspects remain to be clarified, including the optimal 
doses of these drugs and the need (and doses) for ATG and 
total body irradiation.

Although the JAK1/JAK2 inhibitor ruxolitinib shows 
promise for reducing general symptoms and tumor bur-
den before transplantation, there is no evidence regarding 
whether it improves post-transplant outcomes. No analy-
ses conducted to date have identified ruxolitinib as a factor 
affecting post-transplant outcomes [17–20]. Good results can 
be expected when spleen size is reduced before transplanta-
tion, [21] and factors such as the ruxolitinib continuation 
rate should be considered when determining the need for 

ruxolitinib treatment before transplantation and the timing 
of transplantation after starting ruxolitinib.

Splenomegaly is one factor that contributes to graft fail-
ure in allo-HSCT for MF. However, no consensus has been 
reached regarding how pre-transplantation splenectomy or 
irradiation aimed at reducing spleen size impact post-trans-
plant relapse and survival [22, 23]. It has recently become 
common practice to use ruxolitinib to reduce spleen size, 
which is reducing the role of pre-transplant splenectomy and 
splenic irradiation.
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CQ 19 What treatments are recommended for leukemic 
transformation of MF (PMF and PV/post-ET-MF)?

Recommenda�on grade: Category 2B
Induc�on therapy should be performed with 
a standard AML regimen, and allo-HSCT 
should be considered for transplant-eligible 
pa�ents.

Explanation

Treatment recommendations for leukemic transforma-
tion of MF are not clear at this time due to limited evi-
dence. Relatively large retrospective studies have shown 
that chemotherapy has poor efficacy in patients with acute 
leukemia transformed from MF, with median survival at 
2.6 to 3.6 months [1, 2].

In a retrospective analysis of 410 patients in the Mayo-
AGIMM study, the 5-year OS rate was 10% in patients 
who underwent allo-HSCT (n = 24), versus 13% in patients 
who achieved remission with induction therapy but did 
not undergo allo-HSCT (n = 24) and 1% in patients who 
did not achieve remission and did not undergo allo-HSCT 
(n = 200). This indicates that the long-term prognosis is 
very poor without allo-HSCT, even when induction ther-
apy is successful [2]. No clinical trial has investigated allo-
HSCT for leukemic transformation of MF, but retrospec-
tive analyses have shown survival rates of approximately 
20% to 30% at 3 to 5 years after transplantation (albeit 
with high rates of treatment-related mortality and relapse) 
which suggests that allo-HSCT can be curative [2–5]. 
Retrospective analyses have shown inconsistent results 
regarding whether remission status before transplantation 
affects long-term prognosis after transplantation.

The NCCN guidelines state that patients eligible for 
allo-HSCT should participate in a clinical trial or undergo 
HSCT after achieving remission through induction 
therapy, and add that an acute leukemia style intensive 
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chemotherapy regimen that includes a demethylating agent 
alone or in combination with ruxolitinib should be used 
for induction.6 For transplant-ineligible patients, options 
include clinical trial participation, a demethylating agent 
alone or in combination with ruxolitinib, and low-dose 
chemotherapy.

The Mayo-AGIMM study reported a 35% remission 
rate with AML-style intensive chemotherapy in patients 
with leukemic transformation of MF, but as mentioned 
above, the 5-year OS rate was just 10% in patients who did 
not subsequently undergo allo-HSCT, and many patients 
relapse even after achieving remission [2]. In retrospective 
analyses of patients treated with the demethylating agent 
azacitidine, the overall response rate was a somewhat 
good 32% to 62%, but response duration was short, which 
highlights the need to develop consolidation therapy after 
azacitidine treatment [7–9]. Combination therapy with the 
demethylating agent decitabine and the JAK1/JAK2 inhibi-
tor ruxolitinib yields an overall response rate of 44% to 
61%, which is similar to that of intensive induction ther-
apy, which indicates that it could become a bridge ther-
apy to allo-HSCT for transplant-eligible patients [10–12]. 
Venetoclax, a BCL-2 inhibitor recently approved for AML, 
may also be useful as a bridge therapy to allo-HSCT in 
some patients when combined with a demethylating agent, 
although this has only been investigated in small retro-
spective analyses [13–15].

On the basis of the above evidence, it is recommended 
to treat leukemic transformation of MF with a standard 
AML regimen of azacitidine plus venetoclax or intensive 
chemotherapy for induction, and to consider allo-HSCT for 
transplant-eligible patients.
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CQ 20 What treatments are recommended for pre-PMF?
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Recommenda�on grade: Category 3
Although clear evidence does not exist at this 
�me, it is recommended to plan treatment 
based on the prognos�c classifica�on for 
PMF.
Recommenda�on grade: Category 3
Thromboprophylaxis should be considered for 
pa�ents with a history of thrombosis or 
cardiovascular risk.

Explanation

The 2017 WHO classification lists separate diagnostic cri-
teria for two categories of PMF: prefibrotic PMF (pre-PMF) 
and overt PMF. These criteria emphasize pathological find-
ings on bone marrow biopsy, especially fibrosis, and define 
pre-PMF as having no more than a grade 1 increase in reticu-
lar fibers. Careful differentiation from ET is necessary to 
ensure an accurate prognosis.

At this time, the ELN and NCCN guidelines do not pro-
pose specific treatments for pre-PMF. Therefore, it is cur-
rently recommended to base the treatment plan for pre-PMF 
on a prognostic classification such as the IPSS, as is done 
for PMF [1]. However, a retrospective analysis showed that 
although the IPSS is also a useful prognostic classification 
for pre-PMF, it is not sufficient to differentiate between low-
risk and high-risk groups, which is important to consider 
in treatment planning [2]. In addition, several retrospec-
tive studies have shown that incidence of thrombotic and 
hemorrhagic events may be higher in pre-PMF, [3–5] and 
one study showed that the International Prognostic Score of 
Thrombosis for ET (IPSET-thrombosis) and revised IPSET-
thrombosis systems used for thrombosis risk classification 
in ET are also useful for thrombosis risk assessment in pre-
PMF [6] which supports the validity of thromboprophylaxis 
in patients with high thrombotic risk.
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