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In 2016, the World Health Organization revised the diagnostic criteria for my-
eloproliferative neoplasms (MPNs) based on the discovery of disease-driving ge-
netic aberrations and extensive analysis of the clinical characteristics of patients 
with MPNs. Recent studies have suggested that additional somatic mutations 
have a clinical impact on the prognosis of patients harboring these genetic ab-
normalities. Treatment strategies have also advanced with the introduction of 
JAK inhibitors, one of which has been approved for the treatment of patients with 
myelofibrosis and those with hydroxyurea-resistant or intolerant polycythemia 
vera. Recently developed drugs aim to elicit hematologic responses, as well as 
symptomatic and molecular responses, and the response criteria were refined ac-
cordingly. Based on these changes, we have revised the guidelines and present the 
diagnosis, treatment, and risk stratification of MPNs encountered in Korea.
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INTRODUCTION

Myeloproliferative neoplasms (MPNs) 
are clonal hematopoietic disorders 
characterized by the overproduction 
of terminally differentiated myeloid 
cells and an increased risk of throm-
bosis, bleeding, and leukemic trans-
formation. The latest MPN classifica-
tion of the World Health Organization 

(WHO), released in 2016, refined this 
disease category to include polycythe-
mia vera (PV), essential thrombocythe-
mia (ET), and primary myelofibrosis 
(PMF) as “Philadelphia-negative classi-
cal MPNs” [1]. 

The discovery in 2005 of JAK2V617F 
mutations in patients with this disease 
entity represented an extraordinary 
advancement in our understanding of 
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the disease [2,3]. It is now well-known that both acquired 
and constitutive genetic alterations contribute to the 
pathogenesis of Philadelphia-negative MPNs. Both the 
annual incidence and prevalence of MPNs in Korea have 
increased over the years [4,5]. Given that the expected 
survival of the general population is increasing, MPNs 
are an important disease entity in Korea.

In 2015, we published the diagnostic and therapeutic 
guidelines for Korean patients with MPNs [6]. The re-
vised WHO diagnostic criteria for MPNs were published 
in 2016 [7]. Hence, revisions of the Korean MPN guide-
lines are necessary to keep pace with changes in the diag-
nosis and treatment of the disease. Here, we have updated 
the epidemiology, diagnostic criteria, risk stratification, 
response criteria, genetic mutations, and standard treat-
ment strategies for patients with MPNs in Korea. 

EPIDEMIOLOGY

Although there are limitations to clarifying the epide-
miology of MPNs because of the their indolent nature, 
the complexity of the diagnostic process, and partial 
overlap with myeloid malignancies, several studies have 
attempted to define the epidemiologic features of MPNs 
[4,5,8-10]. According to data from the Cancer Registry of 
Norway [10], the incidence rates of PV, ET, and PMF ap-
proximately doubled from 1995–1997 (0.4, 0.3, and 0.2 
per 105 person-years, respectively) to 2010–2012 (0.7, 1.0, 
and 0.5 per 105 person-years, respectively). Patients with 
PV and ET have similar relative survival rates, whereas 
patients with myelofibrosis (MF) have lower relative sur-
vival, compared with the normal population [10]. 

In a Korean study using nationwide population-based 
data from the Korean National Cancer Incidence Data-
base and the Healthcare Insurance Reimbursement and 
Assessment, which covers approximately 90% of the 
total population of Korea [4], the age-standardized inci-
dence rates of PV, ET, and PMF in 2011 were 0.31, 0.64, 
and 0.11 per 105 person-years, respectively, while the 
respective prevalence rates were 3.28, 5.33, and 1.83 per 
105 person-years. Unlike the results reported by West-
ern studies [8,10], the incidence and prevalence of MPN 
in Korea increased between 2004 and 2011. The 5-year 
relative survival rate for all patients with MPNs during 
the study period was 89.3%, with the lowest rate seen in 

patients with MF (53.1%). Another Korean study reported 
similar overall outcomes [5]. 

In another recent big-data study in Korea [11], which 
evaluated 7,454 patients with MPNs who were newly di-
agnosed with PV, ET, or PMF from 2008 to 2016, the 
transformation to secondary MF or secondary acute 
myeloid leukemia was rare in patients with PV and ET. 
However, in patients with PMF, the 8-year cumulative 
incidence of secondary acute myeloid leukemia was 
21.4%. Patients with PV or ET had an approximately 14% 
8-year cumulative incidence of second primary solid tu-
mors [11]. Consistent with the results of Western studies 
[12,13], Korean patients with MPNs had a twofold great-
er risk of developing second primary solid tumors than 
the general population, highlighting the importance of 
regular medical check-ups for malignancies in patients 
with MPNs.  

POLYCYTHEMIA VERA

In comparing the 2016 WHO criteria [7] with the 2008 
WHO criteria [14], the hemoglobin level needed for a di-
agnosis of PV was lowered to 16.5 g/dL in men and 16.0 
g/dL in women, based on the underdiagnosis of patients 
with PV who had JAK2 mutations, as well as the typi-
cal clinical course of PV [15]. In addition, bone marrow 
examinations were more heavily emphasized and mor-
phologic criteria were clearly described for the repro-
ducible diagnosis of PV. 

More than 90% of patients with PV harbor JAK2V617F 
mutations in JAK2 exon 14, while 2% to 3% of patients 
with PV harbor JAK2 exon 12 mutations [3,16,17]. Thus, 
analysis of JAK2 mutations is the most valuable labora-
tory test to diagnose PV. The clinical outcomes did not 
significantly differ between patients with JAK2V617F 
mutations and those with JAK2 exon 12 mutations [18]. 
In patients with JAK2V617F-mutated PV, a persistent-
ly high or progressive increase in the JAK2V617F allele 
burden was the strongest predictor of MF transforma-
tion [19].

RISK STRATIFICATION AND TREATMENT FOR PV

Although PV is classified as a neoplasm, recent studies 
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have shown that the life expectancy of patients with PV 
does not differed from that of the general population 
[20,21]. However, symptoms and complications (e.g., 
pruritus, erythromelalgia, splenomegaly, thrombosis, 
and transformation into MF or acute myeloid leukemia) 
cause patients with PV to have a poor quality of life and 
significant morbidity. Accordingly, symptom relief and 
the prevention of complications and hematologic trans-
formation are the main goals of therapy. Because of the 
toxicity of therapeutics, especially cytoreductive cytotox-
ic agents, treatment decisions should be based on a bal-
ance between side effects and risk reduction. 

Unlike other MPNs, the risk stratification of PV has 
not changed. Age older than 60 years and a history of 
thrombosis have been identified as major predictors of 
vascular complications [22,23]. Thus, patients who had 
either of those two factors were defined as high-risk pa-
tients, while those who had neither were defined as low-
risk patients (Table 1).

All patients with PV require appropriate management 
of cardiovascular risk factors and phlebotomy to main-
tain a hematocrit level of < 45% in men and < 42% in 
women [24,25]. The effect of phlebotomy was demon-
strated in an uncontrolled study [26]. A prior random-
ized study, “The Intensity of CYTOreductive Therapy to 
Prevent Cardiovascular Events in Patients with Polycy-
themia Vera (CYTO-PV)”, showed that patients with a 
hematocrit target of < 45% had a significantly lower rate 
of cardiovascular death and major thrombosis than did 
those with a hematocrit target of 45% to 50% [27]. 

The efficacy and safety of low-dose aspirin (100 mg 
daily) in PV was verified by the European Collaboration 
on Low-dose Aspirin in Polycythemia Vera (ECLAP) 
study [28]. At the 3-year follow-up, patients receiving 100 
mg aspirin showed a significant reduction in vascular 
events. Major bleeding was not significantly increased 

by aspirin. Therefore, low-dose aspirin is recommended 
for all patients with PV, unless contraindicated.

CYTOREDUCTIVE THERAPY FOR PV

Cytoreductive therapy using hydroxyurea or interfer-
on-alpha (IFN-α) is indicated for high-risk patients with 
PV. In low-risk patients, cytoreductive therapy is rec-
ommended in the event of a progressive increase in the 
leukocyte and/or platelet count, severe disease-related 
symptoms, symptomatic splenomegaly, or phlebotomy 
intolerance. 

Hydroxyurea is recommended as the first-line cytore-
ductive therapy in Korea, because IFN-α has significant 
toxicity and pegylated-IFN (peg-IFN) is not currently 
covered by the National Health Insurance system of 
Korea. The starting dose of hydroxyurea is 15 to 20 mg/
kg/day and the dose should be adjusted for optimal 
count control [24,25]. Supplemental phlebotomy should 
be performed to maintain hematocrit at the target level.

RESISTANCE OR INTOLERANCE TO HYDROXY-
UREA

In 2011, European LeukemiaNet (ELN) defined the crite-
ria for the response of patients with PV to conventional 
cytoreductive therapy, as well as the criteria for hydroxy-
urea intolerance or resistance (Table 2) [29]. In 2013, ELN 
and the International Working Group-Myeloprolifer-
ative Neoplasms Research and Treatment (IWG-MRT) 
revised the response criteria to incorporate clinical, he-
matological, and histological assessments, and to con-
sider disease progression and vascular events (Table 3) 
[30], because the previous complete response criteria 

Table 1. General therapeutic principles for risk stratification of patients with polycythemia vera 

Risk Attributes Management

Low Age ≤ 60 years and no prior 
thrombosis history

Low-dose aspirin AND  
Phlebotomy (to keep hematocrit < 45% in males and < 42% in females)

High Age > 60 years or prior thrombosis 
history regardless of other factors

Low-dose aspirin AND 
Phlebotomy (to keep hematocrit < 45% in males and < 42% in females) AND 
Cytoreductive therapy (first line: hydroxyurea, second line: ruxolitinib or 
peg-interferon)
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Table 2. European LeukaemiaNet criteria for hydroxycarbamide intolerance and resistance in patients with polycythemia vera 

1. Need for phlebotomy to keep hematocrit < 45% after 3 months of at least 2 g/day of hydroxyurea, OR

2. �Uncontrolled myeloproliferation (i.e., platelet count > 400 × 109/L and WBC count > 10 × 109/L) after 3 months of at least 2 g/
day of hydroxyurea, OR

3. �Failure to reduce massivea splenomegaly by > 50% as measured by palpation OR failure to completely relieve symptoms 
related to splenomegaly after 3 months of at least 2 g/day of hydroxyurea, OR

4. �Absolute neutrophil count < 1.0 × 109/L OR platelet count < 100 × 109/L OR hemoglobin < 10 g/dL at the lowest dose of 
hydroxyurea required to achieve a completeb or partialc clinicohematologic response, OR

5. �Presence of leg ulcers or other unacceptable hydroxyurea-related nonhematologic toxicities, such as mucocutaneous 
manifestations, GI symptoms, pneumonitis, or fever at any dose of hydroxyurea

WBC, white blood cell; GI, gastrointestinal.
aOrgan extending by > 10 cm from the costal margin.
bComplete response is defined as hematocrit less than 45% without phlebotomy, platelet count < 400 × 109/L, WBC count < 10 × 
109/L, and no disease-related symptoms. 
cPartial response is defined as hematocrit less than 45% without phlebotomy or response in three or more of the other criteria.

Table 3. Revised (2013) European LeukemiaNet and IWG-MRT response criteria for polycythemia vera 

Criteria

Complete remission

A Durablea resolution of disease-related signs including palpable hepatosplenomegaly, large symptoms 
improvementb, AND

B Durablea peripheral blood count remission, defined as Ht lower than 45% without phlebotomies;
platelet count ≤ 400 × 109/L, WBC count < 10 × 109/L, AND 

C Without progressive disease, and absence of any hemorrhagic or thrombotic event, AND 

D Bone marrow histological remission def ined as the presence of age-adjusted normocellularity and 
disappearance of trilinear hyperplasia, and absence of > grade 1 reticulin fibrosis

Partial remission

A Durablea resolution of disease-related signs including palpable hepatosplenomegaly, and large symptoms 
improvementb, AND 

B Durablea peripheral blood count remission, defined as Ht lower than 45% without phlebotomies; platelet 
count < 400 × 109/L, WBC count < 10 × 109/L, AND

C Without progressive disease, and absence of any hemorrhagic or thrombotic event, AND

D Without bone marrow histological remission defined as persistence of trilinear hyperplasia.

No response

Any response that does not satisfy partial remission

Progressive disease

Transformation into post-PV myelofibrosis, myelodysplastic syndrome or acute leukemiac

Molecular response is not required for assignment as complete response or partial response. Molecular response evaluation 
requires analysis in peripheral blood granulocytes. Complete response is defined as eradication of a preexisting abnormality. 
Partial response applies only to patients with at least 20% mutant allele burden at baseline. Partial response is defined as ≥ 
50% decrease in allele burden.
IWG-MRT, International Working Group-Myeloproliferative Neoplasms Research and Treatment; WBC, white blood cell; PV, 
polycythemia vera. 
aLasting at least 12 weeks.
bLarge symptom improvement (≥ 10-point decrease) in the MPN Symptom Assessment Form Total Symptom Score (MPN-SAF TSS).
cFor the diagnosis of post-PV myelofibrosis, see the IWG-MRT criteria; for the diagnosis of myelodysplastic syndrome and 
acute leukemia, see World Health Organization criteria. 
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were not correlated with lower thrombosis incidence or 
improved survival [31,32]. The revised criteria were in-
tended to evaluate the results of clinical trials measur-
ing the activities of drugs expected to modify the biology 
and natural history of PV and ET.

Resistance and intolerance to hydroxyurea were ob-
served in 5% to 10% of the patients with PV [32]. Of note, 
resistance to hydroxyurea was associated with a greater 
risk of death (hazard ratio, 5.6) and disease transforma-
tion (hazard ratio, 6.8) [32]. Therefore, we recommend 
bone marrow biopsy for hydroxyurea-resistant patients. 
Because leukocytosis and additional phlebotomy re-
quirements, despite the use of hydroxyurea, are major 
thrombotic risk factors in patients with PV [33,34], a sec-
ond-line drug for hydroxyurea-resistant or intolerant 
patients seems to be necessary. 

A randomized controlled trial revealed that ruxoli-
tinib, a JAK inhibitor, was superior to standard thera-
py in terms of controlling hematocrit levels, reducing 
spleen volume, and improving disease-related symp-
toms in patients with PV who had an inadequate re-
sponse to or unacceptable side effects from hydroxyurea 
[35,36]. Peg-IFN also demonstrated efficacy in the treat-
ment of hydroxyurea-resistant or intolerant patients 
with PV in a phase 2 trial, in which the overall response 
rate (complete or partial response) at 12 months was 60% 
[37]. Peg-IFN treatment was associated with a significant 
rate of adverse events, but most were manageable. Peg-
IFN discontinuation related to adverse events occurred 
in only 13.9% of the patients.

In Korea, the currently available second-line thera-
peutics are IFN-α, peg-IFN, and ruxolitinib [35,37-39], all 
of which are approved by the Ministry of Food and Drug 
Safety. However, peg-IFN and ruxolitinib are not cur-
rently covered by the National Health Insurance system 
of Korea. 

ESSENTIAL THROMBOCYTHEMIA 

According to the 2016 WHO classification [7], bone mar-
row biopsy is mandatory for differentiating ET from 
other MPNs, especially prefibrotic PMF. Approximately 
60% of patients with ET harbor JAK2V617F mutations 
[3,40,41]. Calreticulin (CALR) gene mutations are present 
in 20% to 35% of patients with ET [42,43], and a throm-

bopoietin receptor (MPL) gene mutation is found in 
1% to 4% of patients with ET [44-46]. In the absence of 
any of the three major clonal mutations, testing for the 
most frequent accompanying mutations (e.g., ASXL1, 
EZH2, TET2, IDH1/IDH2, SRSF2, and SF3B1) is useful for 
determining the clonal nature of the disease. Although 
the CALR mutation is associated with a higher platelet 
count, lower hemoglobin level, lower leukocyte count, 
and lower risk of thrombosis [47-49], a large-scale study 
did not demonstrate that it had a significant impact on 
the International Prognostic Score of Thrombosis for 
Essential Thrombocythemia (IPSET-thrombosis) in 
predicting the risk of thrombosis in multivariate anal-
ysis [50]. Next-generation sequencing identified SH2B3, 
SF3B1, U2AF1, TP53, IDH2, and EZH2 mutations as sig-
nificant risk factors for inferior overall survival (OS) and 
MF-free survival [51]. TP53 mutation was a predictor of 
inferior leukemia-free survival.

RISK STRATIFICATION AND TREATMENT OF ET

The risk stratification of ET is based on the assessment 
of the risk of thrombosis or bleeding complications, 
as in PV. However, mutational status was recently in-
corporated into the stratification system. In 2012, the 
IPSET-thrombosis was proposed, based on important 
factors used in assessing the risk of thrombotic com-
plications. These factors included a prior history of ve-
nous or arterial thrombosis, age > 60 years, JAK2V617F 
mutation, and cardiovascular risk factors (e.g., hyperten-
sion, diabetes mellitus, and current smoking) [52]. The 
IPSET-thrombosis model was revised for clinical appli-
cation in 2015 [53]. 

Table 4 describes the general therapeutic principles 
according to the revised IPSET-thrombosis model [54]. 
We recommend observation in lower (very low and low)-
risk patients without cytoreductive therapy [55,56]. Low-
dose aspirin in lower-risk patients is recommended in 
the presence of vasomotor symptoms, JAK2V617F muta-
tion, or general indications for aspirin (e.g., cardiovascu-
lar risk factors). 

Extreme thrombocytosis (i.e., platelets > 1 million/µL) 
may promote a hemostatic defect due to excessive ad-
sorption of large von Willebrand factor multimers [56]. 
Therefore, aspirin should be avoided in patients with 
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ristocetin cofactor activity < 30% due to the increased 
risk of hemorrhage [57,58]. Low-dose aspirin is accept-
able if the ristocetin cofactor level is ≥ 30% [59]. Cytore-
ductive therapies are suggested to reduce the platelet 
count to 100,000 to 400,000/µL for lower-risk patients 
with extreme thrombocytosis [59]. 

In 2005, 809 patients with ET were randomly assigned 
to receive either hydroxyurea or anagrelide, both in 
combination with aspirin. Although equivalent long-
term control of platelet counts was achieved in both 
groups, hydroxyurea plus aspirin was superior in terms 
of preventing both thrombosis and transformation into 
MF [60]. A meta-analysis also supported a favorable ef-
fect of hydroxyurea on the risk of thrombosis, major 
bleeding, and death (relative risk, 0.78; 95% confidence 
interval, 0.63 to 0.97) [61]. However, anagrelide was not 
inferior to hydroxyurea in preventing thrombotic com-
plications in a subsequent trial, the ANAHYDRET Study 
[62]. Therefore, we recommend hydroxyurea and aspirin 
as first-line therapy in high-risk patients with ET, and 
anagrelide as second-line therapy in selected patients, 
including hydroxyurea-intolerant patients. We do not 
recommend standard IFN-α in patients with ET as a 
first-line treatment because of its toxicity profile, except 
for patients who exhibit treatment failure with hydroxy-
urea or who are/become pregnant during treatment. 

RESISTANCE AND INTOLERANCE TO  
HYDROXYUREA IN PATIENTS WITH ET

Tables 5 [63] and 6 [29] depict the revised response cri-
teria and definition of resistance and intolerance to hy-
droxyurea in patients with ET. A prior study revealed 
that approximately 10% of patients with ET became 
hydroxyurea-intolerant or were resistant [63]. Peg-IFN 
demonstrated excellent efficacy in terms of cytoreduc
�tion and the molecular response in patients with ET, 
without the high drug discontinuation rate observed in 
conventional IFN-α treatment [64-66]. This finding sug-
gested that peg-IFN could be used in hydroxyurea-resis-
tant or intolerant patients with ET as second-line thera-
py. A recent trial demonstrated the activity of peg-IFN in 
hydroxyurea-resistant or intolerant patients with ET [37]. 

In contrast to a prospective trial of patients with PV 
[35,39], ruxolitinib did not demonstrate superior efficacy 
to the conventional, best-available therapy in hydroxy-
urea-resistant or intolerant patients with ET [67]. There-
fore, we currently do not recommend ruxolitinib over 
other available drugs for those patients. 

PREGNANT WOMEN AND THOSE WHO  
DESIRE TO BECOME PREGNANT

ET is the most common MPN in women of childbear-
ing age [68,69], and is associated with an increased risk 

Table 4. General therapeutic principles established by the 2015 revised IPSET model for thrombotic risk stratification in pa-
tients with essential thrombocythemia 

Risk Attributes Management

Very low Age ≤ 60 years, JAK2 wild type, no 
prior thrombosis

Observation or low-dose aspirin if vasomotor symptoms present

Low Age ≤ 60 years, JAK2 V617F+, no prior 
thrombosis

Low-dose aspirin, unless contraindicated.a Twice-daily aspirin if 
cardiovascular risk factors present

Intermediate Age > 60 years, JAK2 wild type, no 
prior thrombosis

Cytoreductive therapy plus low-dose aspirin, unless 
contraindicateda, or twice-daily aspirin without cytoreductive 
therapy if no cardiovascular risk factors present

High Age > 60 years and JAK2 V617F+, or 
prior thrombosis history regardless 
of other factors

Cytoreductive therapy plus low-dose aspirin, unless 
contraindicateda 

Adapted from [54]. Bose et al.
IPSET, International Prognostic Score of Thrombosis for Essential. 
aAspirin is generally contraindicated in the presence of acquired von Willebrand’s disease caused by extreme thrombocytosis.
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of both maternal and fetomaternal thrombotic compli-
cations, especially when patients have JAK2 mutations 
[68]. Currently, no standard approach for managing the 
platelet count has been established for pregnant pa-
tients with ET. 

We recommend observation in lower-risk patients 
without a previous history of complications during 
pregnancy without specific therapy. The use of a plate-

let-lowering agent may be necessary for high-risk wom-
en with a previous history of thrombotic complications 
during pregnancy. Currently, both hydroxyurea and 
anagrelide are contraindicated for use during pregnan-
cy. The only drug with proven safety and cytoreduction 
effects in pregnant patients is standard IFN-α [70-73]. 

A recent meta-analysis reported that the live birth rate 
was higher in pregnant women with MPNs who received 

Table 5. Revised (2013) European LeukemiaNet and IWG-MRT revised response criteria for essential thrombocythemia 

Criteria

Complete remission

A Durablea resolution of disease-related signs including palpable hepatosplenomegaly, large symptoms 
improvementb, AND

B Durablea peripheral blood count remission, defined as: platelet count ≤ 400 × 109/L, WBC count < 10 × 109/L, 
absence of leukoerythroblastosis, AND 

C Without signs of progressive disease, and absence of any hemorrhagic or thrombotic events, AND 

D Bone marrow histological remission defined as disappearance of megakaryocyte hyperplasia and absence of > 
grade 1 reticulin fibrosis. 

Partial remission

A Durablea resolution of disease-related signs including palpable hepatosplenomegaly, and large symptoms 
improvement, AND 

B Durablea peripheral blood count remission, defined as: platelet count ≤ 400 × 109/L, WBC count < 10 × 109/L, 
absence of leukoerythroblastosis, AND 

C Without signs of progressive disease, and absence of any hemorrhagic or thrombotic events, AND 

D Without bone marrow histological remission, defined as the persistence of megakaryocyte hyperplasia. 

No response Any response that does not satisfy partial remission 

Progressive 
disease

Transformation into PV, post-ET myelofibrosis, myelodysplastic syndrome or acute leukemia

Molecular response is not required for assignment as complete response or partial response. Molecular response evaluation 
requires analysis in peripheral blood granulocytes. Complete response is defined as eradication of a preexisting abnormality. 
Partial response applies only to patients with at least 20% mutant allele burden at baseline. Partial response is defined as ≥ 
50% decrease in allele burden.
IWG-MRT, International Working Group-Myeloproliferative Neoplasms Research and Treatment; WBC, white blood cell; PV, 
polycythemia vera; ET, essential thrombocythemia.
aLasting at least 12 weeks.
bLarge symptom improvement (≥ 10-point decrease) in MPN Symptom Assessment Form Total Symptom Score (MNP-SAF TSS).

Table 6. European LeukaemiaNet criteria for hydroxyurea intolerance and resistance in patients with essential thrombocythemia 

1. �Platelet count > 600 × 109/L after 3 months of at least 2 g/day of hydroxyurea (2.5 g/day in patients with a body weight > 80 
kg), OR

2. Platelet count > 400 × 109/L and WBC count < 2.5 × 109/L at any dose of hydroxyurea, OR

3. Platelet count > 400 × 109/L and hemoglobin < 10 g/dL at any dose of hydroxyurea, OR

4. Presence of leg ulcers or other unacceptable mucocutaneous manifestations at any dose of hydroxyurea, OR

5. Hydroxyurea-related fever
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low-dose aspirin during pregnancy than in those man-
aged with observation alone (odds ratio, 9.48; 95% confi-
dence interval, 4.41 to 20.41) [74]. Low-molecular-weight 
heparin may reduce the risk of venous thromboembo-
lism in the antepartum and postpartum periods with-
out increasing the risk of bleeding, although the venous 
thromboembolism risk was not significantly different 
between pregnant patients with ET who used low-mo-
lecular-weight heparin and those who did not [75]. 

PREFIBROTIC (EARLY STAGE) PRIMARY MYELO-
FIBROSIS 

The 2016 WHO classification defined prefibrotic/early 
stage PMF (pre-PMF) [7]. Previously, PMF had been di-
agnosed as ET according to the 2008 WHO diagnostic 
criteria for MPNs, because it shares characteristics with 
overt PMF, such as atypical megakaryocytes, reduced 
erythropoiesis, high lactate dehydrogenase level, and 
anemia. A prior study showed that 16% of patients with 
ET diagnosed based on the 2006 WHO criteria had pre-
fibrotic PMF [76]. The prognosis of patients with pre-
PMF is worse than that of patients with ET in terms of 
OS, leukemia transformation risk, and fibrotic progres-
sion risk [76]. Therefore, differentiation between the two 
diseases is important. A bone marrow aspirate and biop-
sy with trichrome and reticulin staining are critical for 
differentiating ET from prefibrotic PMF [7]. 

The main diagnostic difference between prefibrotic 
and overt PMF is the grade of reticulin fibrosis in the 
bone marrow. Compared with overt PMF, pre-PMF 
causes a higher hemoglobin level and platelet count, a 
lower circulating blast percentage, and a lower incidence 
of splenomegaly. Patients with pre-PMF have a lower 
Dynamic International Prognostic Scoring System-plus 
(DIPSS-plus) risk categorization [77-79]. Differences in 
the distributions of ASXL1, SRSF2, U2AF1, SF3B1, EZH2, 
and IDH1/2 mutations, and in the incidence of unfavor-
able karyotypes, between the two categories of disease 
vary among published studies [77,79]. The OS rate was 
significantly higher in patients with pre-PMF than in 
those with overt PMF, independent of the DIPSS-plus 
score (p = 0.03), driver mutation status (p = 0.001), ASXL1 
mutation status (p = 0.008), and SRSF2 mutation status 
(p = 0.02). However, no significant difference in leuke-

mia-free survival was noted between the two categories 
of disease (p = 0.25) [77].

No treatment guidelines have been established for 
patients with pre-PMF because of the absence of long-
term observations and treatment validation for this dis-
ease entity. Because this disease shares the characteris-
tics of both ET and lower-risk overt PMF, we suggest 
that the treatment strategy should follow the general 
treatment guidelines for patients with ET or PMF, de-
pending upon the thrombosis risk and symptom bur-
den of the individual patient, until sufficient data have 
accumulated concerning this entity.

PRIMARY MYELOFIBROSIS

Patients with PV or ET show near-normal life expec-
tancies, but the median survival of patients with PMF 
ranges from 4 to 5.5 years. The majority of patients expe-
rience at least one of the symptoms caused by cytopenia, 
splenomegaly, and increased proinflammatory cytokine 
levels [80,81]. The Myeloproliferative Neoplasm Symp-
tom Assessment Form total symptom score is a simple 
assessment tool for checking a patient’s constitutional 
symptoms, splenomegaly related symptoms, and quality 
of life at diagnosis and during the course of treatment 
[82,83]. 

The majority of patients with PMF harbor one of three 
driver mutations: JAK2 (58% to 66%), CALR (23% to 35%), 
or MPL (7% to 8%). Patients with PMF harboring CALR 
type1/type1-like mutations show improved median OS 
(8.2 to 10.3 years) compared with those harboring CALR 
type 2/type 2-like (3.1 years), JAK2 (4.3 years), or MPL (4.1 
years) mutations [84,85]. Approximately 10% of patients 
with PMF are triple-negative, which is associated with 
worse OS and leukemia-free survival [48,86,87].

RISK STRATIFICATION AND TREATMENT OF PMF

Prognostic scoring evolved from the International Prog-
nostic Scoring System in 2009 [88] to the DIPSS in 2010 
[89], and the DIPSS-plus in 2011 [90]. The median OS is 
15.4, 6.5, 2.9, and 1.3 years for low, intermediate-1, inter-
mediate-2, and high risk patients, respectively, accord-
ing to the DIPSS-plus. Recent molecular and cytogenet-
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ic studies found mutated genes in high-molecular risk 
(ASXL1, EZH2, SRSF2, IDH1, and IDH2) [87,91] and high-
risk karyotypes (-7/7q-, -5/5q, i(17q), +8, inv(3), 12p-, 11q23, 
and monosomal karyotype). Therefore, the newly devel-
oped Mutation and Karyotype-Enhanced International 
Prognostic Scoring System 70 (MIPSS70) and MIPSS70+ 
version 2.0 (integrating clinical, cytogenetic, and muta-
tion data [92,93]), and the Genetically Inspired Prognos-
tic Scoring System (GIPSS) model (exclusively based on 
genetic markers [94]), were developed in 2018 (Table 7)  
[95]. Because next-generation sequencing has not been 

popular in Korea until recently, DIPSS and DIPSS-plus 
remain important for risk stratification in patients with 
PMF. The current treatment algorithm using the risk 
stratification in Korea is depicted in Fig. 1.

TREATMENT OF SPLENOMEGALY AND CON-
STITUTIONAL SYMPTOMS

Hydroxyurea can improve splenomegaly, bone pain, 
constitutional symptoms, and pruritus [96,97]. Howev-

Table 7. MIPSS, MIPSS-plus, and GIPSS models for primary myelofibrosis 

Prognostic model and risk factors (weight) Risk groups and median survival

MIPSS70

Genetic variables • Clinical variables

One HMR mutation (1 point) Hemoglobin < 10 g/dL (1 point) Low risk: 0–1 point (not reached)

≥ 2 HMR mutations (2 points) Leukocytes > 25 × 109/L (2 points) Intermediate risk: 2–4 (6.3 yr)

Type 1/like CALR absent (1 point) Platelet < 100 × 109/L (2 points) High risk: ≥ 5 (3.1 yr)

Circulating blast ≥ 2% (1 point)

Constitutional symptom (1 point)

Marrow fibrosis grade ≥ 2 (1 point)

MIPSS70+ version 2.0

• Genetic variables • Clinical variables

VHR karyotype (4 points) Severe anemiaa (2 points) Very low risk: 0 point (not reached)

Unfavorable karyotype (3 points) Moderate anemiab (1 point) Low risk: 1–2 (16.4 yr)

≥ 2 HMR mutations (3 points) Circulating blasts ≥ 2% (1 point) Intermediate-1 risk: 3-4 (7.7 yr)

One HMR mutation (2 points) Constitutional symptoms (2 points) High risk: 5–8 (4.1 yr)

Type 1/like CALR absent (2 points) Very high risk: ≥ 9 (1.8 yr)

GIPSS

• Genetic variables

VHR karyotype (2 points) Low risk: 0 point (26.4 yr)

Unfavorable karyotype (1 point) Intermediate-1 risk: 1 point (8 yr)

Type 1/like CALR absent (1 point) Intermediate-2 risk: 2 points (4.2 yr)

ASXL1 mutation (1 point) High risk: ≥ 3 points (2 yr)

SRSF2 mutation (1 point)

U2AF1Q157 mutation (1 point)

Adapted from Tefferi [95], with permission from John Wiley and Sons.
MIPSS70 for transplant-age patients (age ≤ 70 years); MIPSS70+ version 2.0: mutation and karyotype enhanced international 
prognostic system. Survival quotes are for age ≤ 70 years. Survival quotes are for all age groups; HMR mutations include 
ASXL1, SRSF2, EZH2, IDH1, IDH2, and in addition, for GIPSS and MIPSS70+ version 2.0, U2AF1Q157.   
MIPSS, mutation-enhanced international prognostic scoring system; GIPSS, genetically inspired prognostic scoring system; 
HMR, high molecular risk; CALR, calreticulin; VHR, very high risk.
aSevere anemia: Hemoglobin < 8 g/dL in women and < 9 g/dL in men.  
bModerate anemia: Hemoglobin 8 to 9.9 in women and 9 to 10.9 in men.
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er, these improvements are temporary and the myelo-
suppressive toxicity of this agent hampers continued 
therapy [98,99]. 

Ruxolitinib was the first JAK inhibitor approved for 
patients with intermediate- to high-risk MF, in 2011. 
In two pivotal randomized trials (COMFORT-I and 
COMFORT-II), approximately half of the patients expe-
rienced spleen volume reductions and showed signifi-
cant improvement in symptoms [100,101]. Ruxolitinib 
treatment also led to a significant mortality reduction 
(p = 0.04) and survival improvement [102]. Because grade 
3–4 anemia and thrombocytopenia occurred in 45.2% 
and 12.9% of the patients, respectively, supportive care 
and dose reduction should be considered. Fedratinib 
[103,104], pacritinib [105], and momelotinib [106] are new 
JAK inhibitors that have recently shown potential for 
patients resistant to or intolerant to ruxolitinib.

IPSS or DIPSS plus score

Low or int-1 risk Int-2 or high risk

Disease-related symptom Transplant-eligibility

No Yes No Yes

Observation or 
hydroxyurea for 

cytoreduction

hydroxyurea or 
ruxolitiniba

Ruxolitinib Transplantationb

Figure 1. Recommended algorithm for the treatment of pri-
mary myelofibrosis. IPSS, International Prognostic Scoring 
System; DIPSS, Dynamic International Prognostic Scoring 
System. aRuxolitinib for low or intermediate-1 risk patients 
is approved by the Ministry of Food and Drug Safety but not 
currently covered by National Health Insurance system of 
Korea, bRuxolitinib treatment before transplantation to al-
leviate symptoms and splenomegaly can be considered. 

Table 8. Revised (2013) IWG-MRT and European LeukaemiaNet response criteria for myelofibrosis

Response 
categories

Required criteria (for all response categories, benefit must last for ≥ 12 weeks to qualify as a response)

CR Bone marrowa: Age-adjusted normocellularity; < 5% blasts; ≤ grade 1 MFb and
Peripheral blood: Hemoglobin ≥ 10.0 g/dL and < UNL; neutrophil count ≥ 1 × 109/L and < UNL;
Platelet count ≥ 100 × 109/L and < UNL; < 2% immature myeloid cellsc and
Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH

PR Peripheral blood: Hemoglobin ≥10.0 g/dL and < UNL; neutrophil count ≥ 1 × 109/L and <UNL; platelet count 
> 100 × 109/L and < UNL; < 2% immature myeloid cellsc and

Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH or
Bone marrowa: Age-adjusted normocellularity; < 5% blasts; ≤ grade 1 MFb, and 
Peripheral blood: Hemoglobin ≥ 8.5 but < 10.0 g/dL and < UNL; neutrophil count ≥ 1 × 109/L and < UNL; 
platelet count ≥ 50, but < 100 × 109/L and < UNL; < 2% immature myeloid cellsc and

Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH
Clinical 
improvement 
(CI)

The achievement of anemia, spleen or symptoms response without progressive disease or increase in severity 
of anemia, thrombocytopenia, or neutropeniad

Anemia 
response

Transfusion-independent patients: a ≥ 2.0 g/dL increase in hemoglobin levele

Transfusion-dependent patients: becoming transfusion-independentf

Spleen 
responseg

A baseline splenomegaly that is palpable at 5–10 cm, below the LCM, becomes not palpableh or
A baseline splenomegaly that is palpable at > 10 cm, below the LCM, decreases by ≥ 50%h

A baseline splenomegaly that is palpable at < 5 cm, below the LCM, is not eligible for spleen response
A spleen response requires confirmation by MRI or CT showing ≥ 35% spleen volume reduction

Symptoms 
response

A ≥ 50% reduction in the MPN-SAF TSSi

Progressive 
diseasej

Appearance of a new splenomegaly that is palpable at least 5 cm below the LCM or
A ≥ 100% increase in palpable distance, below LCM, for baseline splenomegaly of 5–10 cm or
A 50% increase in palpable distance, below LCM, for baseline splenomegaly of > 10 cm or
Leukemic transformation confirmed by a bone marrow blast count of ≥ 20% or
A peripheral blood blast content of ≥ 20% associated with an absolute blast count of ≥ 1 × 10(9)/L that lasts for 
at least 2 weeks

Stable disease Belonging to none of the above listed response categories
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Response 
categories

Required criteria (for all response categories, benefit must last for ≥ 12 weeks to qualify as a response)

Relapse No longer meeting criteria for at least CI after achieving CR, PR, or CI, or
Loss of anemia response persisting for at least 1 month or
Loss of spleen response persisting for at least 1 month
Recommendations for assessing treatment-induced cytogenetic and molecular changes

Cytogenetic 
remission

At least 10 metaphases must be analyzed for cytogenetic response evaluation and requires confirmation by 
repeat testing within 6 months window

CR: eradication of a preexisting abnormality
PR: ≥ 50% reduction in abnormal metaphases (partial response applies only to patients with at least 10 
abnormal metaphases at baseline)

Molecular 
remission

Molecular response evaluation must be analyzed in peripheral blood granulocytes and requires confirmation 
by repeat testing within 6 months window

CR: Eradication of a pre-existing abnormality
PR: ≥ 50% decrease in allele burden (partial response applies only to patients with at least 20% mutant allele 
burden at baseline)

Cytogenetic/
molecular 
relapse

Re-emergence of a pre-existing cytogenetic or molecular abnormality that is confirmed by repeat testing

IWG-MRT, International Working Group-Myeloproliferative Neoplasms Research and Treatment; CR, complete response; 
MF, myelofibrosis; UNL, upper normal limit; EMH, extramedullary hematopoiesis; PR, partial response; LCM, left costal 
margin; MRI, magnetic resonance imaging; CT, computed tomography; MPN-SAF TSS, MPN Symptom Assessment Form 
Total Symptom Score.
a�Baseline and posttreatment bone marrow slides are to be interpreted at one sitting by a central review process. Cytogenetic 
and molecular responses are not required for CR assignment.

b�Grading of MF is according to the European classification. It is underscored that the consensus definition of a CR bone 
marrow is to be used only in those patients in which all other criteria are met, including resolution of leukoerythroblastosis. 
It should also be noted that it was a particularly difficult task for the working group to reach a consensus regarding what 
represents a complete histologic remission.

c�Immature myeloid cells constitute blasts + promyelocytes + myelocytes + metamyelocytes + nucleated red blood cells. In 
splenectomized patients, < 5% immature myeloid cells is allowed.

d�See above for definitions of anemia response, spleen response, and progressive disease. Increase in severity of anemia 
constitutes the occurrence of new transfusion dependency or a ≥ 2.0 g/dL decrease in hemoglobin level from pretreatment 
baseline that lasts for at least 12 weeks. Increase in severity of thrombocytopenia or neutropenia is defined as a 2-grade 
decline, from pretreatment baseline, in platelet count or absolute neutrophil count, according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0. In addition, assignment to CI requires a minimum platelet count of ≥ 25,000 
× 109/L and absolute neutrophil count of ≥ 0.5 × 109/L.

e�Applicable only to patients with baseline hemoglobin of < 10.0 g/dL. In patients not meeting the strict criteria for transfusion 
dependency at the time of study enrollment (see as follows), but have received transfusions within the previous month, the 
pretransfusion hemoglobin level should be used as the baseline.

f �Transfusion dependency before study enrollment is defined as transfusions of at least 6 units of packed red blood cells (PRBC), 
in the 12 weeks prior to study enrollment, for a hemoglobin level of < 8.5 g/dL, in the absence of bleeding or treatment-induced 
anemia. In addition, the most recent transfusion episode must have occurred in the 28 days prior to study enrollment. 
Response in transfusion-dependent patients requires absence of any PRBC transfusions during any consecutive “rolling” 12-
week interval during the treatment phase, capped by a hemoglobin level of ≥ 8.5 g/dL.

g�In splenectomized patients, palpable hepatomegaly is substituted with the same measurement strategy     .
h�Spleen or liver responses must be confirmed by imaging studies where a ≥ 35% reduction in spleen volume, as assessed by 
MRI or CT, is required. Furthermore, a ≥ 35% volume reduction in the spleen or liver, by MRI or CT, constitutes a response 
regardless of what is reported with physical examination.

i�Symptoms are evaluated by the MPN-SAF TSS. The MPN-SAF TSS is the summation of all the individual scores (0–100 scale). 
Symptoms response requires ≥ 50% reduction in the MPN-SAF TSS.

j�Progressive disease assignment for splenomegaly requires confirmation my MRI or computed tomography showing a ≥ 
25% increase in spleen volume from baseline. Baseline values for both physical examination and imaging studies refer to 
pretreatment baseline and not to posttreatment measurements.

Table 8. Continued
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RESPONSE EVALUATION

No drug modifying the disease activity of PMF is avail-
able. Thus, current treatment is aimed at improving 
anemia, reducing splenomegaly, and relieving dis-
ease-related symptoms [107]. However, recent trials 
using JAK inhibitors, IFNs, and other emerging drugs 
have attempted to demonstrate effects on molecular and 
cytogenetic responses, and marrow fibrosis [108-110]. 
Therefore, the response criteria were revised to evalu-
ate hematologic, clinical, molecular, and cytogenetic re-
sponses (Table 8) [111].

TREATMENT OF ANEMIA 

Erythropoiesis-stimulating agents have been shown to 
improve anemia in 45% to 60% of MF patients. Plasma 
erythropoietin levels < 125 U/L have been associated with 
a higher probability of a response [112-114]. Androgenic 
steroids, such as danazol, may stimulate bone marrow 
function and improve hemoglobin concentrations in 
30% to 40% of patients with MF [115,116]. Thalidomide 
[117] or lenalidomide [118], in combination with low-
dose prednisone, can increase hemoglobin levels and 
decrease spleen size.

HEMATOPOIETIC CELL TRANSPLANTATION IN 
PMF

Despite the advent of JAK inhibitors, allogeneic hema-
topoietic cell transplantation remains the only curative 
treatment for PMF. Given that the median survival time 
of transplanted patients with PMF exceeded that of pa-
tients with PMF who did not receive transplantation in 
the high and intermediate-2 risk categories [119-121], 
allogeneic hematopoietic cell transplantation is recom-
mended in patients with an intermediate-2 or high-risk 
classification, according to the DIPSS or DIPSS-plus at 
diagnosis or during follow-up [29,122-125]. For patients 
with intermediate-1 risk classification, individual coun-
seling is necessary and we recommend MIPSS70 or 
GIPSS be used to assess the need for transplantation.

The Myelofibrosis Transplant Scoring System (MTSS) 
was suggested as a prognostic score for predicting the 

outcome of MF patients undergoing allogeneic hemato-
poietic cell transplantation based on clinical, molecular, 
and transplant-specific information [126]. The MTSS 
stratifies patients into four 5-year OS risk categories: low 
(85%), intermediate (64%), high (37%), or very high (22%).

The pre-transplant use of ruxolitinib may improve 
transplant outcomes by improving splenomegaly and 
performance status. Several recent trials have demon-
strated the potential benefit of this strategy [127-129]. 

CONCLUSIONS

During the past decade, extensive knowledge concern-
ing BCR-ABL-negative MPN has been accumulated 
through the detection of molecular abnormalities and 
many clinical analyses of affected patients. These ad-
vances led to the revision of the diagnostic criteria for 
MPNs by the WHO in 2016. The main change in the di-
agnosis was the separation of pre-PMF from the disease 
previously categorized as ET. This new disease classi-
fication can be differentiated using standardized bone 
marrow morphology and peripheral blood laboratory 
analysis. The hemoglobin and platelet count thresholds 
for the diagnosis of PV and ET were lowered in the new 
criteria due to the underdiagnosis of these disease enti-
ties in retrospective studies. 

Because of the chronicity of MPN, risk stratification 
for treatment decisions is necessary to avoid unneces-
sary adverse effects of treatment. An in-depth under-
standing of the molecular abnormalities of underlying 
MPNs, and the clinical outcomes according to muta-
tional status, facilitated refinement of the risk stratifi-
cation. Data regarding molecular abnormalities also 
guided the development of targeted drugs such as JAK 
inhibitors, which improve the survival and quality of 
life of selected patients with PMF, and allow for hema-
tologic control in hydroxyurea-resistant or intolerant 
patients with PV. However, newly developed drugs for 
the treatment of BCR/ABL-negative MPNs have not yet 
demonstrated efficacy in terms of improving the disease 
course and therapy remains supportive. A newly devel-
oped IFN agent has recently been introduced. Because 
immunotherapy using IFN has the potential to improve 
the disease course, long-term clinical data are critical. 

Gene expression profiling and next-generation se-
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quencing, which are now widely available laboratory 
methods, can identify various additional non-driver 
mutations. Additional clinical data of patients harbor-
ing these additional mutations may allow the prognosis 
to be better defined, and could also guide the develop-
ment of agents that could change the natural course of 
these indolent but evolving diseases.
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