
© 2018 Indian Journal of Medical and Paediatric Oncology | Published by Wolters Kluwer ‑ Medknow� 503

Introduction
Myeloproliferative neoplasms  (MPNs) 
are a group of clonal disorders derived 
from multipotent hematopoietic myeloid 
progenitors.[1] The World Health 
Organization  (WHO) classification of 
MPNs was updated in 2016  [Table  1] and 
has recognized polycythemia vera  (PV), 
essential thrombocythemia  (ET), and 
myelofibrosis  (MF) as the classical 
Philadelphia chromosome  (Ph)‑negative or 
BCR‑ABL1‑negative MPNs.[2,3] Secondary 
MF can result from progression of PV 
and ET, with a 10‑year risk of post‑ET 
MF and post‑PV MF being  <4% and 
10%, respectively.[4] All the 3 types of 
BCR‑ABL1‑negative MPNs pose a higher 
risk of transformation to acute myeloid 
leukemia  (AML).[5] MPNs account for the 
large majority of myeloid malignancies[6] 
with incidence rates ranging from 0.1 
to 3.1  cases/100,000/year in the United 
States and the European Union.[6‑8] Among 
the 3 MPN subtypes, PV is the most 
common  (0.4–2.8/100,000/year) compared 
to ET  (0.38–1.7/100,000/year) and 
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MF (0.1–1/100,000/year).[6‑8] Epidemiological 
data on the incidence and prevalence 
of MPNs in the developing countries, 
including India, are sparse.

The cardinal features of the 
BCR‑ABL1‑negative MPN are the presence 
of an increased red cell mass in PV, an 
increase in the platelet counts in ET, and 
bone marrow fibrosis in MF.[2] The discovery 
of mutations such as Janus kinase 2 (JAK2) 
and thrombopoietin receptor  (MPL) 
revolutionized the understanding of MPN 
pathophysiology and the development of 
targeted drug therapy in this area.[9]

A diverse array of somatic mutations, 
including driver mutations  (JAK2 V617F, 
MPL, and calreticulin  [CALR]) and high 
molecular risk prognostic mutations (EZH2, 
ASXL1, SRSF2, and IDH), have been 
discovered recently, which led to a better 
understanding of the biology of MPNs 
and provided newer aspects of diagnosis, 
prognosis, and treatment.[10‑12] Molecular 
biology assessment is an important 
component of the revised WHO diagnostic 
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classification.[3] In addition to this, the treatment landscape 
of MPNs is also evolving with several targeted options 
being studied. As a result, in 2014, the MPN Working 
Group  (MPN‑WG) in India had worked on consolidating 
the consensus recommendations to improve diagnosis 
and prognostic stratification in patients with Ph‑negative 
MPNs and published them, which have been well accepted 
by many of the practitioners in India.[13] With the recent 
updates in the literature, MPN‑WG assembled to develop 
revised guidelines for the diagnosis and management of 
MPN based on the published literature and the experiences 
of the expert panel. MPN‑WG experts’ panel will be called 
as panel throughout this manuscript.

Methods
The panel met with the objective of appraising the 
recent literature and revising the previously published 
consensus recommendations for the diagnosis and 
management of Ph‑negative MPNs along with various 
other objectives focusing on raising awareness about 
MPNs through continuing medical education programs, 
conducting pathology workshops to improve diagnosis, and 
collaborating on MPNrelated research. The methodology 
has been previously described.[13] The final version of the 
guidelines was further discussed in a consensus face‑to‑face 
meeting, which had included 2 international experts. The 
discussion also focused on some of the major challenges 
that were typically seen in Indian clinical practice. 
Appendix 1 describes how to appraise literature based on 
the level of evidence and hence, grades of recommendation.

Diagnosis of myeloproliferative neoplasm

The panel had agreed in the previous consensus meeting 
that WHO 2008 classification and diagnosis criteria for 
Ph‑negative MPNs could be adapted in the Indian context 
with a few additional measures. Since there was a revision 
in the guidelines in 2016 the same has been updated in 
this revision statement  [Table  1]. A  detailed baseline 
workup has been presented in the previous version of 
the guidelines.[13] Based on these guidelines, diagnosis 
of MF, PV, and ET is currently a diagnostic algorithm 
that includes a composite assessment of biochemical and 
pathological assessments, and cytogenetic and mutational 
analysis. The laboratory detection of JAK2 V617F 

mutation, a highly sensitive and specific tool,[14] is the key 
pillar in the diagnosis of MPNs.

The diagnosis of MF is now divided into preprimary 
myelofibrosis  (PMF) and overt MF. Overt MF diagnosis 
is primarily based on bone marrow fibrosis of Grade 2 
or more, JAK2 V617F mutation positivity, progressive 
anemia, leukocytosis, splenomegaly, presence of 
constitutional symptoms, and leukoerythroblastosis. 
Pre‑PMF is diagnosed by above criteria with only 2 
differences, bone marrow fibrosis grades below 2 and 
absence of leukoerythroblastosis. In patients with JAK2 
V617F‑negative MF, MPL, and CALR mutation testing 
should be performed to further assist in diagnosis 
and to exclude other etiologies as causes of reactive 
thrombocytosis. The panel recommended that the 
BCR‑ABL1 test should be performed to exclude chronic 
myelogenous leukemia. In the Indian settings, the panel 
recommended that the anemia related to MF should be 
confirmed by ruling out anemia due to any nutritional 
deficiencies or constitutional anemia. When marginal 
hemoglobin deficiency is observed, common nutritional 
causes should be diagnosed by simple blood tests and 
corrective measures, such as iron supplementation, which 
should be taken in patients where required.

The use of JAK2 V617F screening along with serum 
erythropoietin  (EPO) level is particularly helpful in 
distinguishing PV from secondary erythrocytosis. 
Approximately, 3% of patients with PV who are negative 
for JAK2 V617F carry JAK2 exon 12 mutation.[15] The 
panel recommended incorporating JAK2 exon 12 mutation 
in the baseline workup of PV diagnosis. In line with the 
previous version of the consensus guideline, red cell mass 
measurement has not been recommended in diagnosing PV 
in the routine practice. As discussed in the previous version 
of the guidelines, there is a paucity of specialized bone 
marrow biopsy centers in India; therefore, distinguishing 
ET from prefibrotic PMF‑based on the bone marrow 
morphology criteria would be challenging in India. In 
this case, minor criteria of the WHO guidelines can be 
used to confirm histologic pattern indicative of prefibrotic 
PMF.[16] The panel suggested that pathology slides should 
be referred to MPN reference centers to establish and 
confirmed the diagnosis.
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Table 1: Diagnostic criteria for myeloproliferative neoplasm (adapted from World Health Organization 2016 
diagnostic criteria)

Criteria Description
WHO pre‑PMF criteria

Major criteria Megakaryocytic proliferation and atypia, without reticulin fibrosis greater than Grade 1, accompanied by 
increased age‑adjusted BM cellularity, granulocytic proliferation, and often decreased erythropoiesis
Not meeting the WHO criteria for BCR‑ABL1 positive CML, PV, ET, MDSs, or other myeloid neoplasms
Presence of JAK2, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal 
marker (ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1), or absence of minor reactive BM reticulin fibrosis

Minor criteria Presence of at least 1 of the following, confirmed in 2 consecutive determinations
Anemia not attributed to a comorbid condition
Leukocytosis ≥11×109/L
Palpable splenomegaly
LDH increased to above upper normal limit of institutional reference range

Diagnosis Diagnosis of pre‑PMF requires meeting all 3 major criteria, and at least 1 minor criterion
WHO overt PMF criteria

Major criteria Presence of megakaryocytic proliferation and atypia, accompanied by either reticulin and/or collagen 
fibrosis Grades 2 or 3
Not meeting WHO criteria for ET, PV, BCR‑ABL11 CML, MDSs, or other myeloid neoplasms
Presence of JAK2, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal 
marker†, or absence of reactive myelofibrosis

Minor criteria Presence of at least 1 of the following, confirmed in 2 consecutive determinations
Anemia not attributed to a comorbid condition
Leukocytosis ≥11×109/L
Palpable splenomegaly
LDH increased to above upper normal limit of institutional reference range
Leukoerythroblastosis

Diagnosis Diagnosis of overt PMF requires meeting all 3 major criteria, and at least 1 minor criterion
WHO PV criteria

Major criteria Hb
>16.5 g/dL in men
>16.0 g/dL in women or

Hematocrit
>49% in men
>48% in women or
Increased RCM

BM biopsy showing hypercellularity for age with trilineage growth (panmyelosis) including 
prominent erythroid, granulocytic, and megakaryocytic proliferation with pleomorphic, mature 
megakaryocytes (differences in size)
Presence of JAK2V617F or JAK2 exon 12 mutation

Minor criteria Subnormal serum erythropoietin level
Diagnosis Diagnosis of PV requires meeting either all 3 major criteria, or the first 2 major criteria and the minor criterion†

WHO ET criteria
Major criteria Platelet count ≥450×109/L

BM biopsy showing proliferation mainly of the megakaryocyte lineage with increased numbers of enlarged, 
mature megakaryocytes with hyperlobulated nuclei. No significant increase or left shift in neutrophil 
granulopoiesis or erythropoiesis and very rarely minor (Grade 1) increase in reticulin fibers
Not meeting WHO criteria for BCR‑ABL1 CML, PV, PMF, MDSs, or other myeloid neoplasms
Presence of JAK2, CALR, or MPL mutation

Minor criteria Presence of a clonal marker or absence of evidence for reactive thrombocytosis
Diagnosis Diagnosis of ET requires meeting all 4 major criteria or the first 3 major criteria and the minor criterion

PMF – Primary myelofibrosis; WHO – World Health Organization; BM – Bone marrow; CML – Chronic myeloid leukemia; 
PV – Polycythemia vera; ET – Essential thrombocythemia; Hb – Hemoglobin; MDSs – Myelodysplastic syndromes; JAK2 – Janus kinase 2; 
CALR – Calreticulin; LDH – Lactate dehydrogenase; RCM – Red cell mass
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Recently, a new algorithm “reflex test” has been proposed. 
This reflex test sequentially evaluates for the common 
major gene mutations associated with MPNs. In this test, 
the presence of JAK2 V617F mutation is determined 
as a first step. If this result is negative, assessment for 
CALR mutations is performed. If the CALR result is also 
negative, then testing proceeds to evaluate for mutations in 
exon 10 of the MPL gene. If either JAK2 V617F or CALR 
mutations are detected in the process, the testing algorithm 
ends. Panel discussed the following typical order of testing 
of genetic mutations: JAK2, CALR, cMPL, and JAK2 exon 
12 (in patients with MF); JAK2, JAK2 exon 12, cMPL, and 
CALR  (in patients with PV); and JAK2, cMPL, CALR, and 
JAK2 exon 12 (in patients with ET).[17]

Myelofibrosis

The clinical manifestations of MF are heterogeneous and 
up to 30% of the patients are initially asymptomatic, and 
as the disease evolves, patients become symptomatic with 
an varied spectrum of disease presentation  (bone marrow 
fibrosis, splenomegaly causing abdominal symptoms 
and early satiety, and constitutional symptoms such as 
weight loss, night sweats, and low‑grade fever, aquagenic 
pruritus, bone pain, or thrombosis). With the exception of 
allogeneic stem cell transplantation, currently available 
drug therapies for MF are not curative, and the treatment 
choice is mainly guided by the symptom or feature 
or risk stratification  [Figure  1].[18] The conventional 
treatment for MF are directed to treat anemia and other 
cytopenias, to manage symptomatic splenomegaly and 
constitutional symptoms  (weight loss, night sweats, fever, 
pruritus, fatigue, etc.), to improve quality of life, and to 
improve survival and minimize the risk of transformation 
to acute leukemia. Other possible goal is to avoid first 
occurrence or recurrence of thrombotic and bleeding 
complications.[19,20]

Risk stratification and assessing prognosis

The International Prognostic Scoring System  (IPSS) is the 
most commonly used prognostic model for determining 
the survival risk category at the time of diagnosis. Based 
on the IPSS, patients with PMF are diagnosed as having 
low‑, intermediate 1‑, intermediate 2‑, or high‑risk disease. 
IPSS uses the following 5 risk factors to predict prognosis 
and assign a patient to a risk group:  (1) age  >65  years; 
(2) hemoglobin <10 g/dL; (3) leukocyte count >2.5 × 109/L; 
(4) circulating blood blasts  >1%; and  (5) the presence 
of constitutional symptoms.[21] In addition, dynamic 
prognostic models  (dynamic IPSS  [DIPSS] and DIPSS 
Plus) are available based on the acquisition of additional 
risk factors during the disease course that may substantially 
modify patients’ outcomes.[22,23] The DIPSS uses the same 
5 risk factors and has been validated to predict prognosis 
at any time during the disease course. The DIPSS was 
recently modified  (DIPSS Plus) with the incorporation 
of the following 3 additional risk factors:  (1) red blood 

cell transfusion need;  (2) platelet count  <100  ×  109/L; 
and (3) unfavorable karyotype.[22]

Stem cell transplantation

Multiple studies have confirmed that allogeneic stem cell 
transplant is the only curative treatment in PMF. As this 
is a disease of elderly patients, only a small minority of 
patients are candidates for SCT. It is generally considered 
only for patients with intermediate‑2 or high‑risk disease 
(patients with an expected survival of  <5  years) due to 
the high procedure‑related morbidity and mortality.[21‑23] 
A transplant‑eligible patient is defined as one deemed 
fit enough to undergo the procedure with manageable 
comorbidities and having an HLA‑matched sibling or 
unrelated donor available. Patients above 45  years have a 
very poor survival on myeloablative conditioning.[24]

Recommendation

There are no randomized controlled trials comparing 
allo‑HSCT to any alternative/supportive therapy. Allogeneic 
stem cell transplant with myeloablative or reduced intensity 
conditioning is indicated in young  (<40  years of age), 
Int‑2, or high‑risk patients with PMF. Reduced‑intensity 
transplantation should be considered for patients 
aged 40–60  years with Int‑2 or high risk at diagnosis 
or later during the disease. Grade B recommendation, 
evidence Level III.[19]

Management of anemia

Erythropoietin

The use of recombinant human erythropoietin  (rEPO) 
appears to be limited principally to a subgroup of patients 
with inappropriately low endogenous EPO levels  (<200 
IU) and with relatively moderate anemia.[19,25] EPO 
levels should be measured before starting therapy with 
recombinant human EPO. The targeted hemoglobin level 
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Treatment of 
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Figure 1: Treatment algorithm for primary myelofibrosis
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is 10 g/dL in patients with MF. EPO should be initiated 
at a dose of 10,000 U once weekly, and response should 
be monitored for 2  weeks, and if no response is observed, 
the dose can be escalated up to 40,000 IU once weekly. 
Treatment should be discontinued after 3–4 months if no 
response occurs. Darbepoetin has greater activity and a 
longer half‑life than EPO, which allows for less frequent 
administration. Darbepoetin‑α, administered bimonthly, 
is equally effective, and the recommended dose is in the 
range of 150–300 µg/fortnight. Recombinant human EPO 
should be stopped or dose reduced when hemoglobin 
is above 12 g/dL to avoid the risk of thrombosis.[19] In a 
recent analysis, the combination of EPO with ruxolitinib 
was evaluated. In this study, clinical benefits were observed 
in patients treated with ruxolitinib. Moreover, recently a 
sub‑analysis of pooled data of COMFORT trials has shown 
that the postbaseline anemia induced by ruxolitinib in the 
treatment of MF has no prognostic impact on the overall 
survival  (OS) of the patients, and the anemia due to 
ruxolitinib is manageable with conventional treatments than 
the disease‑related baseline anemia, which is an established 
poor prognostic factor.[26]

Recommendation

EPO is recommended as the first‑line therapy for the 
treatment of anemia in PMF only for patients with EPO 
levels  <200 IU.[19,25] Grade B recommendation, evidence 
Level III.[24]

Danazol

Danazol, a synthetic attenuated androgen, has been 
considered as the first‑line androgen of choice in MF. 
Recommended starting dose is 200 mg daily, with a gradual 
dose escalation, depending on tolerability and patient 
weight (to a maximum of 600 mg daily for patients <80 kg 
and 800 mg for patients  >80 kg). Most patients respond 
within the first 2–3 months. The therapy should be 
discontinued if no response is observed after a 4‑month trial 
of these agents. While on danazol treatment, liver function 
of patients should be monitored regularly  (once monthly), 
and the male patients should be screened for prostate 
cancer. A  synergistic effect between human recombinant 
EPO and danazol treatment has been reported.[19,27]

Recommendation

Danazol is recommended as an alternative first‑line 
therapy in the treatment of anemia in patients with PMF 
associated with transfusion‑dependent anemia.[19,27] Grade B 
recommendation, evidence Level III.[19,27]

Thalidomide

Low‑dose thalidomide  (50 mg/day preferably given at 
bedtime) can be used for the treatment of patients with 
MF with anemia and thrombocytopenia, and for the 
reduction of splenomegaly.[28] Low‑dose thalidomide 
in combination with prednisolone showed significant 

responses for anemia  (67%), thrombocytopenia  (75%), 
and splenomegaly  (33%).[29] However, thalidomide is 
associated with nonhematological toxicity  (constipation, 
sedation, depression, and peripheral neuropathy) and is 
contraindicated in pregnancy. It is to be used with caution 
and with effective counseling and contraception in women 
of childbearing age.

Recommendation

Low‑dose thalidomide  (maximum 50 mg/day) in 
combination with prednisolone (10–20 mg/day for 2 weeks 
and afterward tapering to the lowest dose necessary for 
maintaining an adequate hemoglobin concentration) can be 
considered for patients not responding to EPO or danazol. 
Therapy should be discontinued if no response is seen after 
4 months. Grade B recommendation, evidence Level III.[19]

Glucocorticoids (mostly used in combination with thalidomide)

Corticosteroids, especially prednisone, have been used for 
the palliation of constitutional symptoms and anemia in 
patients with MF. They are recommended chiefly in patients 
with hemolytic activity, but could be considered at a dose of 
10–20 mg/day in some patients with anemia without evidence 
of hemolysis. In patients with hemolysis and a positive 
Coombs test, an initial test dose of 1 mg/kg is recommended. 
Grade C recommendation, evidence Level IV.[19]

The panel agreed that standard transfusion guidelines 
should be applied for patients eligible for transfusion to 
correct anemia associated with MF.

Treatment of thrombocytopenia

The panel has examined the available evidence for the 
treatment of thrombocytopenia associated with MF and 
concluded that in the context of hematology practice in 
India, thalidomide in combination with prednisolone should 
be the choice of therapy.[17] If no response is observed with 
this combination, danazol is recommended.

Treatment of symptomatic splenomegaly

Hydroxyurea

Hydroxyurea is one of the most commonly used agents 
despite the fact that the available data are limited to support its 
efficacy in MPN. Based on the prior experience of the panel, 
the members were in agreement that they have seen only 
modest improvement in symptoms with hydroxyurea.[30‑32]

Recommendation

Hydroxyurea  (0.5–2 g/d) is recommended as cytoreductive 
therapy  (CYTO) in older patients with MF who are not 
eligible for transplantation. Grade B recommendation, 
evidence Level III.[19]

Janus kinase 2 inhibitors

JAK inhibitors are the only drugs that have been evaluated 
in the randomized clinical trials. A  number of JAK 
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inhibitors are at various stages of clinical development, 
and a consistent pattern of response in splenomegaly and 
disease‑related symptoms is emerging.

In India, ruxolitinib is approved for the treatment of patients 
with MF, including primary MF, post‑PV MF or post‑ET 
MF.[33] Ruxolitinib monotherapy has been evaluated in 
intermediate‑2‑or high‑risk IPSS patients with MF in 
phase‑III COMFORT studies which have completed 5 years 
long‑term follow‑up. In COMFORT‑II, 97.1% of patients 
who remained on treatment had improvements from baseline 
in spleen volume, and 53.4% achieved  ≥35% reductions. 
Spleen reductions of  ⩾35% among ruxolitinib randomized 
patients were sustained with long‑term therapy  (median 
duration, 3.2  years); the probability of maintaining a spleen 
response was 0.48 (95% confidence interval [CI]],0.35–0.60) 
at 5.0 years for patients initially randomized to ruxolitinib. In 
addition, long‑term findings from COMFORT studies support 
the disease‑modifying effect of ruxolitinib. Among patients 
randomized to ruxolitinib in COMFORT‑II, 23  (15.8%) had 
improved fibrosis (any grade), 47 (32.2%) had stable fibrosis 
at their last assessment (median treatment duration, 2.2 years 
in the ruxolitinib arm). Patients randomized to ruxolitinib had 
longer OS compared than those randomized to best available 
therapy  (BAT), with a 33% reduction in risk of death with 
ruxolitinib treatment  (HR, 0.67  (95% CI, 0.44–1.02); 
P = 0.06).[34] Similar results were also found in COMFORT‑I, 
for all ruxolitinib treated pts  (n = 57), 33%  (G[–1], n = 11; 
G [–2], n = 7; G [–3], n = 1) had an improvement, 49% had 
no change or stabilization, and 18% had a worsening in BM 
fibrosis from BL to the last grade.[35] A pooled OS analysis 
of 5‑year data from the COMFORT‑I and COMFORT‑II 
shows that the risk of death was reduced by 30% among 
patients randomized to ruxolitinib compared with control 
patients (median OS: ruxolitinib, 5.3 years; control, 3.8 years; 
hazard ratio  [HR; ruxolitinib vs. control], 0.70; 95% CI, 
0.54 − 0.91; P = 0.0065;) as per intent‑to‑treat analysis and it 
was more pronounced after censoring patients at the time of 
crossover, demonstrated that ruxolitinib prolonged survival 
compared with control  (median OS: ruxolitinib, 5.3  years; 
control, 2.4 years; HR [ruxolitinib vs. censored at crossover], 

0.53; 95% CI, 0.36  −  0.78; P  =  0.0013).[36] The reasons for 
the survival advantage observed with ruxolitinib may be due 
to the number of benefits of treatment in terms of spleen 
size reduction, alleviation of cytokine‑driven symptoms and 
inflammation, improvement of overall nutritional status, 
and reduced fibrosis in some patients.[34] Ruxolitinib is the 
current treatment of choice for constitutional prognostic 
symptoms of the disease  (weight loss, fever, and night 
sweats), spleen‑related symptoms  (such as abdominal 
discomfort and pain under left ribs), and disease‑related 
symptoms  (such as itching, fatigue), as no other therapy 
has been shown to significantly improve symptom burden 
and quality of life in MF.[20] Based on these benefits 
including reduction of symptom burden, NCCN guidelines 
in the management of MPNs has recommended the use 
of ruxolitinib in low risk/int‑1/int‑2 and high‑risk patients 
with symptoms.[37] A common misconception is that JAK 
inhibition is effective primarily in patients who have the 
JAK2 V617F mutation. However, ruxolitinib demonstrated 
the comparable efficacy in patients with or without the 
V617F mutation. Since JAK2 is involved in thrombopoietin 
and EPO signaling, dose‑dependent thrombocytopenia and 
anemia should be anticipated and managed appropriately in 
patients with MF undergoing treatment with JAK2 inhibitors 
such as ruxolitinib.[34,35] Recent updates from COMFORT 
studies have shown that the postbaseline anemia induced by 
ruxolitinib in the treatment of MF does not have an impact 
on the OS of the patients, and it can be managed with 
conventional treatments than the disease‑related baseline 
anemia, which is an established poor prognostic factor.[26] 
Starting dose of ruxolitinib should be personalized according 
to baseline platelet counts [Table 2] and there is no separate 
guidance for elderly patients since both groups showed 
comparable clinical responses and toxicity rates similar to 
younger individuals, however, comorbidities have to be kept 
in mind while treating elderly patients with MF.[38]

Recommendation

Ruxolitinib should be considered as the first choice of 
treatment in patients with symptomatic and progressive 

Table 2: Ruxolitinib dose in primary myelofibrosis
Recommended starting doses based on platelet count

Platelet count Starting dose
>200×109/L 20 mg orally bid
100-200×109/L 15 mg orally bid
50-<100×109/L 5 mg orally bid

Dose modifications (with starting platelet count of at least 100×109/L)
Current platelet count Dose at time of decline in platelet count (new 

dose to be used)
Maximum dose based on platelet count after prior 

treatment interruption or dose reduction
20 mg bid 15 mg bid 10 mg bid 5 mg bid

≥125×109/L No change No change No change No change 20 mg bid
100-<125×109/L 15 mg bid No change No change No change 15 mg bid
75-<100×109/L 10 mg bid 10 mg bid No change No change 10 mg bid for 2 weeks; if stable, may increase to 15 mg bid
50-<75×109/L 5 mg bid 5 mg bid 5 mg bid No change 5 mg bid for 2 weeks; if stable, may increase to 10 mg bid
Bid – Twice daily
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splenomegaly.[33] Grade A recommendation, evidence 
Level Ib.[19,39]

Splenectomy

Even though splenectomy procedure is associated with 
significant morbidity  (25%–30%) and mortality  (7%–10%), 
in a restricted subgroup of patients with MF associated with 
refractory splenomegaly, this option should be carefully 
evaluated. Significant surgical expertise, fastidious surgical 
hemostasis, and careful control of postoperative thrombocytosis 
have been found to be essential in trying to minimize the 
risk of this procedure. Critical factors to be assessed before 
splenectomy include the type of conditioning used, timing of 
the intervention, and expertise of the surgeon.[27]

Recommendation

Splenectomy should not be considered for symptomatic 
splenomegaly. Splenectomy should be considered only 
in patients who are not responsive to hydroxyurea, 
interferon‑α  (IFN‑α), and/or ruxolitinib, with marked 
splenomegaly associated complications such as splenic 
infarct, splenic abscess, or rupture, repeated upper 
gastrointestinal bleeding episodes due to portal hypertension 
and/or cytopenias secondary to hypersplenism. Grade B 
recommendation, evidence Level III.[19]

Splenic irradiation

Splenic irradiation should be reserved for patients in the 
indications mentioned above who are not responsive to 
conventional and novel therapies and patients who are 
not eligible for splenectomy. Grade B recommendation, 
evidence Level III.[19] Splenic embolization is not 
recommended for symptomatic splenomegaly in MF.

Treatment of symptoms

Ruxolitinib is the current treatment of choice, as no other 
therapy has been shown to significantly improve symptom 
burden and quality of life in MF. Grade A recommendation, 
evidence Level Ib.[19]

Combination therapy

As further details of molecular mechanisms leading to 
Ph‑negative MPNs emerge, combinations of targeted agents 
are under investigation to improve outcomes in these 
patients. In preclinical studies, pan histone deacetylase 
inhibitor, panobinostat has shown synergistic effect when 
combined with ruxolitinib, especially due to deacetylation 
of protein chaperone HSP90 involved in JAK‑STAT 
signaling.[28] Preliminary results from a phase1b study in 
patients with MF have provided supportive evidence for the 
combination treatment strategies in MF.[29] However, such 
therapy should only be considered in the clinical trial setting.

Avoiding thrombotic and bleeding complications

Retrospective analyses indicate that the incidence of 
thrombotic complications were similar in PMF and ET.[32,33] 

No prospective trials of platelet‑reducing agents or aspirin 
have been performed in PMF. The panel suggested that 
clinicians should follow the guidelines provided for ET 
regarding thrombosis and bleeding prevention in PMF. 
Other factors contributing to atherosclerosis should 
be addressed. General care guidelines for preventing 
thrombosis should be followed.

Evaluation of response and follow‑up

Clinical assessments are recommended by the panel at 
regular intervals to monitor response to therapy. The panel 
has updated their recommendation for the use of revised 
International WG‑MPNs Research and Treatment and the 
European Leukemia Net  (ELN) criteria. The definition of 
response as per the criteria should be restricted to clinical 
trial settings only.[40]

Polycythemia vera

Treatment goals

The goals of current therapies in PV are to prevent 
the occurrence of thrombosis/vascular events; delay 
transformation to MF or AML; reducing constitutional 
symptoms; maintaining hematocrit  <0.45, and managing 
special situations such as pregnancy or cardiovascular 
risk. In a large‑scale, prospective, randomized clinical 
trial  (CYTO in PV study  [n  =  365]), the benefit of 
maintaining hematocrit  <45% versus 45%–50% using 
conventional treatment was associated with a lower rate 
of cardiovascular deaths and major thrombotic events in 
patients with a target hematocrit of  <45% than in those 
with a target hematocrit of 45%–50%.[41] Revised WHO 
criteria‑2016 have been able to better identify patients 
with masked PV  (mPV). Patients with mPV, who tend 
to have normal or borderline hematocrits values but are 
usually positive for JAK2 mutations, have bone marrow 
features consistent with PV, and have low serum EPO 
levels. The revision of the WHO diagnostic criteria 
with emphasis on a lower hemoglobin threshold and/or 
the use of hematocrit threshold values may be helpful 
in accurately diagnosing those with mPV and could 
allow for appropriate and prompt treatment of these 
patients.[3,42]

Risk stratification

Therapeutic options in PV are limited, and no cure is 
available. Initial treatment depends on the risk stratification 
of the patient. Patients can be stratified in high‑ or low‑risk 
categories according to whether they are older or younger 
than 60  years and have a history of thrombosis. Low‑risk 
patients have zero risk factors; high‑risk patients have 1 or 
2 risk factors. Leukocytosis and JAK2 V617F allele burden 
have been identified as other key risk factors.[43]

Clinical management

The panel examined the clinical evidence for traditional 
treatment approaches in PV, and the recommendations 
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were formulated based on the consensus. The treatment 
algorithm for PV is provided in Figure 2.

Phlebotomy

The objective of phlebotomy in PV is to improve the 
circulation of blood by lowering the blood viscosity. The 
basis of conventional therapy is to maintain hematocrit 
at  <0.45 and  <0.42 in male and female patients, 
respectively. This goal can be achieved in low‑risk patients 
with phlebotomy. Phlebotomy should be performed by 
removing 250–500 mL of blood every other day or twice 
a week, until the target hematocrit is achieved. Patients 
with impaired cardiovascular function are better treated 
with smaller phlebotomies at more frequent intervals.[44] 
Phlebotomy is recommended for hematocrit levels  >0.48. 
Grade A recommendation, evidence Level Ib.[19]

Aspirin therapy

For all patients with PV, low‑dose aspirin (i.e. 100 mg daily or 
81 mg in the US) is recommended. In a large randomized study, 
aspirin has shown superiority over placebo with a significant 
reduction in cardiovascular death, thrombosis, strokes, and in 
overall mortality.[45] Aspirin has been shown to reduce both 
arterial and venous thrombosis in PV.[41] Aspirin should not be 
given to patients with platelets more than 1500  ×  109/L due 
to an increased risk of bleeding, instead CYTO should be 
initiated. In case of aspirin allergy, clopidogrel can be used. 
Grade A recommendation, evidence Level Ib.[19]

Choice of cytoreductive therapy in polycythemia vera
Interferon‑α

Although the supporting evidence for IFN‑α efficacy in 
PV is limited, hydroxyurea is the recommended first‑line 

Conventional risk factors for 
atherosclerosis should be 

managed aggressively

Phlebotomy to maintain 
hematocrit <0.45 in males

 and <0.42 in female patients

Aspirin 75 mg/d, unless contraindicated

Cytoreduction should be considered if:
Poor tolerance to phlebotomy

Symptomatic or progressive splenomegaly
Other evidence of disease progression (eg, weight loss,

 night sweats, thrombocytosis)

Age <40 years Age >40 years

First-line - Interferon-α
Second-line - Anagrelide

First-line - Hydroxyurea
Second-line - Ruxolitinib/busulphan

 (because of cost reasons)
Third-line - Anagrelide

Figure 2: Algorithm for management of essential thrombocythemia



Agarwal, et al.: MPN - Indian expert group consensus recommendations

Indian Journal of Medical and Paediatric Oncology | Volume 39 | Issue 4 | October-December 2018� 511

treatment for high‑risk patients. Pegylated IFN‑α 2a  (PEG 
IFN‑α 2a) has shown better clinical response rates and 
demonstrated more activity with few complete molecular 
remissions  (as determined by JAK2 allele burden) at a 
better side effect profile than non‑PEG versions of IFNα.[44]

Recommendation

IFN‑α can be considered in younger patients  (<40  years). 
For patients  >40  years of age, hydroxyurea should 
be considered as the first‑line of treatment. The panel 
recommends that the lower doses of IFN should be used 
in India because of smaller body mass index as compared 
to Western population and hence, the dose of PEG IFN in 
Indian patients may range from 40, 80, to 150 µg, weekly. 
Grade B recommendation, evidence Level III.[19]

Hydroxyurea

Hydroxyurea is recommended as a first‑line CYTO in 
patients with PV  >40  years or younger patients who do 
not tolerate IFN‑α  (Grade A recommendation, evidence 
Level Ib).[43] Hydroxyurea is useful in controlling PV‑related 
symptoms; splenomegaly, leukocytosis, thrombocytosis, 
and hematocrit. However, hydroxyurea‑treated patients can 
eventually become resistant or experience unacceptable 
adverse effects  (hydroxyurea intolerance), including 
skin ulcers, a reduction in blood cells, gastrointestinal 
problems, oral ulcers, stomatitis, hyperkeratosis, or actinic 
keratosis.[46] However, hydroxyurea should be continued 
until patients develop intolerance or progression.[43] 
Increased risk of leukemic transformation has not been 
observed despite long‑term hydroxyurea treatment. Grade 
A recommendation, evidence Level Ib. The panel 
recommended maximum tolerated dose of hydroxyurea as 
1 g (this is with reference to 2 g in hydroxyurea resistance/
tolerance ELN criteria).

Busulfan

Busulfan can be used as the second‑line CYTO for elderly 
population of age  >70  years. Sequential use of busulfan 
and hydroxyurea resulted in a significant increase in the 
risk of second malignancies, including leukemias.[47]

Janus kinase 2 inhibitors

Like MF landscape, several JAK inhibitors are under 
evaluation in clinical trials for efficacy and safety in 
patients with PV. Ruxolitinib is the only JAK1/2 inhibitor 
approved by the United States Food and administration 
and European Medicine Agency for the treatment of 
patients with PV who have had an inadequate response 
to or are intolerant of hydroxyurea. Findings from 
the pivotal RESPONSE study showed that ruxolitinib 
provided clinically relevant improvements compared with 
BAT in maintaining control of hematocrit level without 
phlebotomy, normalizing blood cell count, reducing spleen 
volume, and improving symptoms. In PV patients with 
inadequately controlled leukocyte count, recent evidence 

has shown that ruxolitinib treatment resulted in better white 
blood cell  (WBC) control as compared to conventional 
therapies such as hydroxyurea  (HU) and BAT.[48] Recent 
data from RESPONSE‑II, a trial conducted in PV patients 
without splenomegaly, have also shown hematocrit control, 
complete hematologic response, and symptom control 
among ruxolitinib‑treated patients better than BAT.[49] In 
addition, there were fewer thromboembolic events in the 
ruxolitinib arm as compared to BAT during the therapy. 
There is also some preliminary data on the reduction of 
JAK2 allele burden by ruxolitinib up to  −22% by week 
80; however, the impact of this on the disease has to 
be studied further. The rates of all Grade and Grade 3/4 
thromboembolic events per 100  patient‑years of exposure 
were lower among patients originally randomized to 
ruxolitinib than BAT. The starting dose of ruxolitinib in 
RESPONSE was 10 mg twice daily.[48]

Recommendation

Ruxolitinib should be considered as first‑choice of 
treatment in patients with PV who have had an inadequate 
response to or are intolerant of hydroxyurea. Proposed 
definition of resistance/intolerance to HU was defined as 
a dose  ≥2 g/day or a maximum tolerated dose  <2 g/day 
resulting in at least 1 of the following: Need for phlebotomy 
to maintain HCT  <45%; Platelet count  >400  ×  109/L 
and WBC count  >10  ×  109/L; Failure to reduce 
splenomegaly extending  >10 cm below the costal margin 
by  >50%, as measured by palpation; Absolute neutrophil 
count  <1.0  ×  109/L or platelet count  <100  ×  109/L or 
hemoglobin <100 g/L at the lowest dose of HU required to 
achieve a complete or partial response; Presence of leg ulcer 
or unacceptable HU‑related nonhematologic toxicities.[46] 
Grade A recommendation, evidence Level Ib.[19]

Anagrelide

Anagrelide has powerful platelet reducing activity that 
could be helpful in the management of patients who 
are intolerant or refractory to hydroxyurea, INF‑α, or 
ruxolitinib. Grade C recommendation, evidence Level IV.[19]

Radioactive phosphorus

Due to its leukemogenic effect, radioactive phosphorus is 
not a recommended option for patients <75 years.[19]

Evaluation of response and follow‑up

The panel recommends that the goal of therapy should 
be normalization of peripheral blood counts, and the 
ELN criteria for PV should be used for the evaluation of 
response in clinical trial setting.

Essential thrombocythemia

Treatment goals

Similar to PV, the main treatment goals in ET include 
minimizing the risk for thrombosis and progression, 
normalizing peripheral blood counts, reducing constitutional 
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symptoms, and managing special situations like pregnancy. 
Treatment algorithm recommended for Indian scenario is 
discussed in the Figure 3.

Risk stratification

Risk stratification in ET is based on the assessment of 
risk of thrombosis, as the current therapy in ET is aimed 
at lowering the risk of thrombosis. True ET diagnosed, 
according to the 2008 WHO classification, has not been 
reported to affect the life expectancy of patients.[50] 
High‑risk is defined as the presence of age above 60 years 
or history of previous thrombosis, or a platelet count more 
than 1500  ×  109/L; and these patients should be treated 
with CYTO.[19] Low‑risk is defined by the absence of these 
3 factors and should not be treated with CYTO except in 
patients with uncontrolled cardiovascular risk factors.[19]

Clinical management

Patients with ET are at high risk for thrombosis; hence, 
vigorous treatment is required for managing cardiovascular 
risk factors. Hence, cardiovascular risk assessment is 
required and will dictate the overall management of 
the patient. It is important to emphasize that before 
starting therapy, patients should be evaluated for eventual 
progression to MF if they show symptomatic or progressive 
splenomegaly, other evidence of disease progression such 
as weight loss, night sweats, progressive leukocytosis, and/
or thrombocytosis.

Stem cell transplantation is almost never performed in 
ET due to unfavorable risk‑benefit profile. The treatment 
algorithm for ET is provided in Figure 3.

Aspirin

Antiplatelet therapy with aspirin 75–150 mg/day is 
recommended, unless otherwise contraindicated for all the 
patients with ET. Aspirin should not be given to patients 
with platelets more than 1500  ×  109/L due to an increased 
risk of bleeding, instead CYTO should be initiated; 
recommendation, evidence Level IIIB.[51]

Choice of cytoreductive therapy in essential 
thrombocythemia

Hydroxyurea

Hydroxyurea is the best‑documented therapy in ET and 
is recommended as a first‑line therapy in the majority of 
patients with high‑risk ET. Hydroxyurea markedly reduces 
thrombotic complications compared to aspirin alone. Panel 
recommended that patients presenting a symptom score 
of <8 points should be closely followed up every 3 months 
for the progression of symptoms.

Interferon‑α

IFN‑α treatment is well documented and safe in ET and 
is not considered leukemogenic or teratogenic.[51] PEG IFN 
has also been used; Level IB evidence to support the use 
of IFN.

IFN‑α is the recommended first‑line therapy in younger 
patients. It can be used in older patients if long‑term use 
of hydroxyurea is not suitable and in patients who do not 
tolerate hydroxyurea  (Grade B recommendation, evidence 
Level III). IFN‑α is the treatment of choice if CYTO is 
indicated during pregnancy or when pregnancy is planned.

Anagrelide

This may be used as the second‑line treatment in patients 
resistant to or intolerant of hydroxyurea. It has been found 
to be equivalent to hydroxyurea although some studies 
have reported higher risk of thrombosis.[51]

Janus kinase 2 inhibitors

Since no JAK2 inhibitor has been studied extensively in 
ET to date, these drugs are experimental at the present time 
and should not be used outside of the context of clinical 
trials.

Other drugs

Other drugs such as busulfan and radioactive phosphorus 
are not relevant in ET. Anagrelide has many complications, 
but may be used in some patients, if necessary, in 
combination with hydroxyurea to control platelet counts.

Management of complications of myeloproliferative 
neoplasms

Acute thrombotic events and secondary prophylaxis

In general, acute thrombotic events should be treated as in 
non‑MPN patients. Control of hematocrit and platelet count 

Conventional risk factors for 
atherosclerosis should be 

managed aggressively

Aspirin 75-150 mg/d, 
unless contraindicated

Age >40 years Age <40 years

First-line - Hydroxyurea 
Second-line -Interferon-α

First-line - Interferon-α
Second-line - Hydroxyurea

Figure 3: Algorithm for management of polycythemia vera
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should be optimized. In emergency situations such as acute 
cerebrovascular complications or severe digital ischemia, 
acute platelet apheresis or erythropheresis can be used in 
order to achieve a rapid reduction in blood counts. Since 
the effect is brief, CYTO preferably with hydroxyurea 
should be started as soon as possible in patients not on 
CYTO. Prevention of recurrent thrombosis should be 
independently achieved in patients with previous venous 
thrombosis by both oral anticoagulants and antiplatelet 
drugs. Since no prospective trials exist, it remains unclear 
whether it is better to give a short course of warfarin or to 
continue with long‑term therapy for secondary prevention 
of venous thromboembolism.

Bleeding

The most important cause of bleeding in ET and PV is 
acquired von Willebrand syndrome associated with high 
platelet counts  (>1500  ×  109/L).[52] Therefore, the most 
important therapeutic intervention to manage acute bleeding 
in the patients with thrombocythemia is platelet reduction, 
and the recommended agent is hydroxyurea.

Platelet apheresis is indicated when extreme thrombocytosis 
is accompanied by an urgent need to reduce platelet counts, 
i.e., severe or life‑threatening bleeding.[53]

Transformation to acute myeloid leukemia

The results after conventional induction chemotherapy 
are dismal in patients developing AML after PV, ET, or 
PMF, with a very short median survival.[54] If possible, 
it is recommended that patients undergo allo‑SCT after 
induction chemotherapy. Hypomethylating agents can be 
used as bridge to transplant.[55,56]

Splanchnic vein thrombosis and portal vein hypertension

Splanchnic vein thrombosis (SVT) includes the Budd‑Chiari 
syndrome (BCS) and portal vein thrombosis  (PVT). MPNs 
are the most frequent underlying prothrombotic factors in 
BCS and PVT. Peripheral blood cell counts often remain 
within a normal range because of portal hypertension 
and its sequelae  (splenomegaly, hemodilution, and iron 
deficiency). In a meta‑analysis, high prevalence of JAK2 
V617F in SVT was reported. The strong relation between 
MPNs and SVT is confirmed by the high prevalence 
of JAK2V617F in these patients. It is suggested that 
JAK2 V617F screening should be included in the routine 
diagnostic workup of all patients with SVT, regardless of 
the absence of MPN hallmarks, such as elevated peripheral 
blood cell counts.[57]

Special issues

Pregnancy

There is limited information in the medical literature 
about the management of MPNs in pregnancy.[58] The live 
birth rate is about 60% due to an overall incidence of 
first trimester miscarriage of 31%–36%  (about twice the 

normal rate) and an increased risk of intrauterine growth 
retardation, intrauterine death, and stillbirth  (8%). Major 
maternal complications are less common and occur in 
approximately 8% of patients with ET.[59]

Pregnancy is likely to be accompanied by a high risk of 
complications for the mother and/or fetus if any of the 
following factors are present: previous venous or arterial 
thrombosis in mother, previous hemorrhage attributed to 
PV/ET, previous pregnancy complications that may have 
been caused by PV/ET (these include significant antepartum 
hemorrhage or postpartum hemorrhage, severe preeclampsia, 
unexplained recurrent first trimester loss  (≥3), intrauterine 
growth retardation (<5 percentile for gestation), intrauterine 
death or stillbirth with no other cause identified, placental 
abruption), and platelet count above 1000 × 109/L.[60]

Therapeutic options include antithrombotic treatment, 
phlebotomy in PV, and cytoreductive agents. The optimal 
hematocrit in pregnancy has yet to be established, but the 
current recommendation is to maintain the hematocrit within 
the normal range appropriate for gestation. The increased 
plasma volume often results in a reduced hematocrit and 
platelet count during the second trimester. The levels rise 
again during the postpartum period contributing to an 
increased thrombotic risk during the first 6  weeks after 
delivery. Close monitoring of blood counts is important 
during this period.[56] Low‑dose aspirin is safe and seems 
advantageous during pregnancy in ET. Starting on the day 
of the delivery, aspirin is substituted by a prophylactic dose 
of low molecular weight heparin  (LMWH), which is given 
until 6  weeks after delivery.[54] The doses of LMWH that 
have been reported are dalteparin 5000 U or enoxaparin 
40 mg daily.

Pediatric myeloproliferative neoplasm

The incidence of different MPN in patients aged <20 years 
is so low that formal evidence‑based recommendations are 
impossible to provide.

Discussion
The diagnostic criteria and treatment landscape of MPNs 
are evolving at a fast pace. In this paper, the panel has 
appraised the recent literature and updated the existing 
consolidated MPN guidelines to further strengthen the 
understanding of fellow practitioners. The recommendations 
are developed solely in consensus with the experts in 
the field of Ph‑negative classical MPNs, and a group 
decisionmaking process was adopted while interpreting 
available clinical evidence in the context of hematology 
practice in India. Improved diagnostic capabilities among 
the Indian practitioners will in turn help in identifying the 
true incidence and prevalence of the disease. In addition, 
improved diagnosis with rational treatment will help in 
achieving better treatment outcomes in these patients, who 
were previously left undiagnosed because of the insidious 
nature of the disease.
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