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EXECUTIVE SUMMARY

e According to the 2008 revision of the World Health Organization (WHO)
classification of myeloid malignancies, philadelphia chromosome (Ph)-negative
myeloproliferative neoplasms (MPNs) include clonal, hematologic disorders such
as polycythemia vera, primary myelofibrosis, and essential thrombocythemia.

e Recent years have witnessed major advances in the understanding of the molecular
pathophysiology of these rare subgroups of chronic, myeloproliferative disorders.
Identification of somatic mutations in genes associated with pathogenesis and
evolution of these myeloproliferative conditions (Janus Kinase 2; myeloproliferative
leukemia virus gene; calreticulin) led to substantial changes in the international
guidelines for diagnosis and treatment of Ph-negative MPN during the last few years.

e The MPN-Working Group (MPN-WG), a panel of hematologists with expertise in MPN
diagnosis and treatment from various parts of India, examined applicability of this
latest clinical and scientific evidence in the context of hematology practice in India.
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INTRODUCTION

Quick Response Code:

mﬁji:;o.org The philadelphia chromosome (Ph)-or ber-abl negative
myeloproliferative neoplasms (MPNs) represent a
boI- range of clonal hematological diseases with overlapping

10.4103/0971-5851.151770 clinicopathological features. The main entities, polycythemia
vera (PV), essential thrombocythemia (ET), and primary
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myelofibrosis (PMF), are characterized by clonal excess
hematopoiesis in one or more cell lines."! Both PV and
ET can progress to myelofibrosis (MF), and all three
entities can transform into acute myeloid leukemia
(AML)." The incidence rates for classic, Ph-negative
MPNs fall in the range of 0.1-2.8 cases/100,000/year
in United States and European Union where systematic
registry studies are available. Estimated incidence rates
are higher for PV (0.4-2.8/100,000/yeat) compared to
ET (0.38-1.7/100,000/year) and MF (0.1-1/100,000/year)
based on data from various registries from European
Union. According to a recent study based on US registries,
prevalence rates ate higher for PV (44-57/100,000) and ET
(38-57/100,000) compared to MF (4-6/100,000). This may
be due to longer median survival in PV and ET (8-10 years)
compared to MF (2-5 years).[*”! Specific studies addressing
incidence and prevalence of Ph-negative MPNs are not
available in the context of developing countries like India.

Recent advances in the understanding of the molecular
pathogenesis of Ph-negative MPNs offer scope for
improving diagnosis of these rare hematologic malignancies
with the help of universally applicable simple tests. In 2005,
many research groups simultaneously identified mutations
in Janus Kinase 2 ([A4K2), a protein tyrosine kinase playing
a central role in cytokine signal transduction, as the most
frequent molecular abnormality in PV (~90% of cases),
ET and MF (~50% of cases). These findings have modified
the landscape of diagnosis, risk stratification, treatment
and response assessment in Ph-negative MPNs.*® The
MPN Working Group (MPN-WG) has discussed how
these latest developments can be applied to the context
of hematology practice in India and formulated consensus
recommendations to improve diagnosis and prognostic
stratification of patients with Ph-negative MPNss.

Traditional treatment approaches for PV and ET focus
on prevention of thrombotic events with aspirin along
with antiproliferative agents. Treatment strategies for
MF are driven by the clinical presentations like anemia
and/or splenomegaly. Few randomized controlled trials
are available in the field of Ph-negative MPN to guide
decision-making for individual patients. In clinical practice,
many issues remain uncertain, demanding high degree of
professional experience. Improved understanding of the
molecular pathophysiology of these entities in recent years
has prompted an investigation of targeted treatments in
MF and PV. This article summarizes extensive discussions
held during the MPN-WG meetings regarding relevance
and applicability of these new treatment options in the
Indian scenario. Based on these discussions, the MPN-
WG has formulated recommendations for diagnosis and
treatment of Ph-negative MPNs in order to assist clinicians
in optimizing patient care.

METHODS

The MPN-WG is a panel of expert physicians from
India, selected for their expertise in research and clinical
management of Ph-negative classical MPNs. The panel met
twice during November 2013 and February 2014 with the
objective of formulating the consensus recommendations
for diagnosis and management of Ph-negative MPNs along
with various other objectives including raising awareness
about MPNs through continuing medical education
programs, conducting pathology workshops to improve
diagnosis and collaborating on MPN related research.
In order to draft the recommendations for Ph-negative
classical MPNs, the panel formed two committees; one
for diagnosis and the other for management of Ph-
negative MPNs. The panel members searched databases
like PubMed for available literature on Ph-negative
classical MPNs for formulating the guidelines. For each
recommendation, references from international guidelines
are provided for the level of evidence. As there is limited
information available on treatment practices in the Indian
context, some of the recommendations are based on the
experience of the authors. The draft prepared by each
committee was circulated to all the members of the group
for their critical feedback. Subsequently, the group met
face-to-face to have a final discussion on each subject and
formulate the consensus recommendations. Evidence levels
and recommendation grades are as per Appendix 1.1

Diagnostic criteria for Ph-negative classical
myeloproliferative neoplasms

World Health Organization (WHO) 2008 classification and
diagnosis criteria for Ph-negative MPNs have been widely
accepted as standardized, uniform diagnostic criteria to be
followed for clinical research, case reporting, and clinical
practice. The panel agreed that these criteria can be adapted
in the Indian context with a few additional measures
[Table 1]. Even though red cell mass measurement
has been cited as a valid diagnostic tool for PV in the
WHO 2008 diagnostic criteria, this test is not commonly
available. In the context of hematology practice in India,
diagnostic workup for MPNs should be performed taking
into account the fact that hemoglobin levels may not be
in the normal range due to nutritional deficiencies. When
marginal hemoglobin deficiency is observed, common
nutritional causes should be diagnosed by simple blood
tests and corrective measures should be taken such as iron
supplementation in patients where required. Application
of morphology criteria to distinguish ET from prefibrotic
PMF will be challenging in India due to shortage of
specialized centers. WHO 2008 classification system for
Ph-negative MPNs addresses this issue by incorporating
biologically relevant minor criteria to confirm histologic
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pattern indicative of prefibrotic PME!” The panel

suggested that pathology slides should be referred to MPN
reference centers to establish confirmed diagnosis.

Baseline workup for patients with Ph-negative classical
myeloproliferative neoplasms

The panel reached a consensus regarding baseline
diagnostic workup to be followed in the case of suspected
Ph-negative MPN [Figure 1]. General physical examination,
biochemical and pathological assessments, cytogenetics,
and mutation analysis should be done for all patients

| Baseline workup : Suspected MPN |

* Detailed medical history including particulars of tuberculosis, arthritis, fever etc
* Complete physical examination including palpation of spleen

* Full blood count with differential count, ESR and CRP

* S-erythropoietin

* JAK2 V617F mutation test in peripheral blood by PCR

* Iron status

* ASAT, ALAT, bilirubin, creatinine, uric acid, lactate dehydrogenase (LDH)

* MPL mutation in JAK2 negative patients, if available

* BCR-ABL in JAK2V617F-negative patients if differentiation against CML is not clear
* Bone marrow biopsy with reticulin staining

 Evaluation of cardiovascular risk factors

Y
[Additional workup for PMF| [ Additional workup for PV | [ Additional workup for ET

* Exclude causes of
secondary PV

* Bone marrow
cytogenetics (in patients
< 60 years to assess
prognostic stratification
and indication for SCT)

¢ CALR mutation testing

* Karyotyping

¢ Coomb’s Test/
reticulocytes

* Exclude other etiologies
(iron deficiency,
infection/ inflammation
and non-myeloid
malignancies) as cause
of reactive
thrombocytosis.

Figure 1: Baseline workup for classical philadelphia chromosome-
negative myeloproliferative neoplasms

with Ph-negative classical MPNs. Molecular testing for
JAK2 V617F mutation in peripheral blood sample by
polymerase chain reaction can be incorporated in the
baseline workup to guide risk-adapted therapy in patients
with Ph-negative classical MPNs. In LAK2 V617F negative
patients, myeloproliferative leukemia and calreticulin
mutation testing can be performed to assist further in
diagnosis and to exclude other etiologies as cause of
reactive thrombocytosis.

Primary myelofibrosis

Treatment goals

Treatment strategies in patients with PMF aim at improving
survival, possible cure in patients eligible for allogeneic
stem-cell transplantation (allo-SCT), minimizing risk
of transformation to acute leukemia, avoiding first
occurrence or recurrence of thrombotic and bleeding
complications, treating anemia and other cytopenias,
managing symptomatic splenomegaly, and treating
symptoms (weight loss, night sweats, fever, pruritus, fatigue
etc.). Potential high-risk situations such as surgery should be
anticipated and well-managed. Therapy should be directed
toward improving quality-of-life.'"

Risk stratification

Treatment decisions in PMF are often challenging,
particularly with regards to timing of allo-SCT or
participation in clinical trials. Therefore, accurate
risk stratification of patients in terms of overall
and leukemia-free survival is critical. In this regard,
survival from the time of diagnosis is best assessed

randomized trial.

A) Levels of evidence

case-control studies

B) Grades of recommendation

Grade Evidence level Recommendation
A la, Ib
B Ila, Iib, 11l

recommendation
C [\

respected authorities

Appendix 1: Evidence levels and recommendations grades®!
Where possible and appropriate, recommendation grade (A, B and C) and evidence level (I-1V) are given. Grade A does not imply that a treatment is
more recommendable than a grade B, but implies that the given recommendation regarding the use of a specific treatment is based on at least one

Level Type of evidence

la Evidence obtained from meta-analysis of randomized trials

Ib Evidence obtained from at least one randomized controlled trial

lla Evidence obtained from at least one well-designed controlled study without randomization
1ls) Evidence obtained from at least one other type of well-designed quasi-experimental study

1 Evidence obtained from well-designed nonexperimental descriptive studies, such as comparative studies, correlation studies and

\% Evidence obtained from expert committee reports and/or clinical experiences of respected authorities

Required: At least one randomized controlled trial as part of the body of literature of overall good quality
and consistency addressing specific recommendation
Required: Availability of well-conducted clinical studies but no randomized clinical trials on the topic of

Required: Evidence obtained from expert committee reports or opinions and/or clinical experiences of

Indicates an absence of directly applicable studies of good quality
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Table 1: Diagnostic criteria for MPN (adapted from WHO 2008 diagnostic criteria)

Primary Myelofibrosis
Major criteria

Megakaryocytic proliferation and atypia accompanied by either reticulin and/or collagen fibrosis, or in the absence

of reticulin fibrosis, the megakaryocytic changes must be accompanied by increased marrow cellularity, granulocytic
proliferation and often decreased erythropoiesis (i. e., prefibrotic PMF)

Not meeting WHO criteria for CML, PV, MDS or other myeloid neoplasm

Demonstration of JAK2 V617F or other clonal marker (which includes MPL/CALR? exon 9 mutations etc.,) or no evidence
of reactive marrow fibrosis (infective/inflammatory etiologies must be excluded as cause of reactive marrow fibrosis)

Infective/inflammatory etiologies must be excluded as the cause of reactive marrow fibrosis®

Minor criteria Leukoerythroblastosis
Increased serum LDH
Anemia

Palpable splenomegaly
Diagnosis Presence of all 3 major + 2 minor criteria
Polycythemia Vera©

Major criteria

Hb >18.5 g/dL (men), >16.5 g/dL (women) or

Hb or Hct >99™ percentile of the reference range for age, sex, or altitude of residence

or

Hb > 17 g/dL (men), or >15 g/dL (women) if associated with a sustained increase of >2 g/dL from baseline
that cannot be attributed to correction of iron deficiency

Iron status should be established as Hb levels may not be in the normal range because of iron deficiency.
A trial of iron supplementation should be given in cases with borderline elevation in Hb or Hct®

Presence of JAK2 V617F or similar mutation

Minor criteria
Subnormal serum erythropoietin level

Diagnosis

Essential thrombocythemia

Major criteria Platelet count =450x109/L

BM trilineage myeloproliferation (If JAK2 V617F mutation not done or it is not positive)

Presence of major + 1 minor or 1 major + 2 minor criteria

Megakaryocytic proliferation with large and mature morphology. No or little granulocytic or erythroid proliferation

Other etiologies (iron deficiency, infection/inflammation, and nonmyeloid malignancies) must be excluded

as the cause of reactive thrombocytosis®

Not meeting WHO criteria for CML, PV, PMF, MDS, or other myeloid neoplasm
Demonstration of JAK2 V617F or other clonal marker (which includes MPL/CALR exon g mutations etc.,) or no evidence

of reactive thrombocytosis
Minor criteria Nil

Diagnosis Presence of all 4 Major criteria

MPN - Myeloproliferative neoplasms; Hct - Hematocrit; MPL - Myeloproliferative leukemia; CALR - Calreticulin; JAK2 - Janus kinase 2; WHO - World Health Organization;
PMF — Primary myelofibrosis; CML — Chronic myeloid leukemia; PV — Polycythemia vera; MDS — Myelodysplastic syndrome; Hb — Hemoglobin. *CALR mutation testing is not
yet commercially available; "(Recommendations of the MPN-WGF; Elevated red cell mass >25% above mean normal value: RBC mass test is an obsolete test now. This test is

neither needed nor available anymore

by the International Prognostic Scoring System
(IPSS)" whereas a dynamic IPSS (DIPSS) model is
used for estimating survival at any point in the disease
course [Table 2]."% Both IPSS and DIPSS utilize the
same five risk factors for survival (age >65 years,
hemoglobin <10 g/dL, leukocyte count >25 X 10°/L,
circulating blasts =1%, and constitutional symptoms)
in order to classify patients into four risk groups:
Low, intermediate-1 (Int-1), Int-2, and high-risk.
More recently, IPSS-independent prognostic factors
for survival in PMF have been described and include
red cell transfusion need, unfavorable karyotype, and
thrombocytopenia.l”! The DIPSS plus effectively
combines prognostic information from DIPSS,
karyotype, platelet count, and transfusion status to
predict overall survival in PME."

Clinical management

After reviewing the available evidence for treatment
outcome in controlled trials, the panel reached a consensus
that clinical management of PMF should combine available
treatment options directed toward the control of anemia,
thromobocytopenia, and splenomegaly. As a result of these
discussions, a comprehensive treatment algorithm was
compiled for PME integrating traditional and innovative
targeted treatment strategies [Figure 2].

Treatment of anemia

As a general guideline, pharmacological treatment
of anemia should be initiated at hemoglobin levels
approximately <11 g/dL in symptomatic patients, and
should be considered in asymptomatic patients with
hemoglobin levels <10 g/dL.”'"" Anemia in PMF is
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oo

Table 2: Risk stratification for patients
with MF

Variable IPSS DIPSS DIPSS plus®
Age >65 years 1 1 —
Constitutional symptoms 1 1 —
Hb <10 g/dL 1 2 —
Leukocyte count >25x10°/L 1 1 —
Circulating blasts 21% 1 1 —
Platelet count <100x109/L — — 1
RBC transfusion need — — 1
Unfavorable karyotype — — 1
Risk groups IPSS risk DIPSS DIPSS plus
score risk score risk score®
Low-risk o o) o
Intermediate-1 risk 1 10r2 1
Intermediate-2 risk 2 30r4 20r3
High-risk >3 5or6 >4

MF — Myelofibrosis; RBC — Red blood cell; Hb — Hemoglobin; IPSS - International
Prognostic Scoring System; DIPSS — Dynamic IPSS. *For DIPSS plus, the score

is derived from the DIPSS score, and additional points added as per the table;

P1 adverse point was assigned to DIPSS intermediate-1 risk. DIPSS intermediate-2
and high-risk were assigned 2 and 3 adverse points, respectively

multifactorial and deficiency of iron, Vitamin B12, and
folic acid should always be ruled out and corrected before
considering other therapies. Furthermore, reticulocyte
count and Coomb’s test should be performed to rule out
immunohemolytic conditions. Since baseline reticulocyte
count can be higher in patients with PME, these results
need to be interpreted with caution.

Erythropoietin
Erythropoietin (EPO) levels should be measured before
starting therapy with recombinant human EPO.

If EPO levels are <500 1U, then EPO replacement therapy
can be considered. The starting dose of EPO is 10,000
U once weekly. The 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. If no further
response is seen after the maximum recommended dose
for 8-12 weeks of EPO, therapy should be discontinued.
Darbepoietin-ot administered bi-monthly is equally
effective, and the recommended dose is in the range 150-
300 pg/fortnight. The goal is to maintain hemoglobin level
atapproximately 12 ¢/dL (11 g/dL for females) in patients
with PME Recombinant human EPO should be stopped,
ot the dose reduced when hemoglobin is above 12 g/dL
to avoid risk of thrombosis."”

Recommendation
Erythropoietin is recommended as first-line therapy
for treatment of anemia in PMF only for patients with
erythropoietin levels <500 IU”" Grade B recommendation,
evidence level IIL.")

[Eiigible for transplantation |
[

Yes

Treatment of Treatment of EEREIT 9f Treatment of
; . symptomatic
anemia thrombocytopenia symptom burden
splenomegaly
* Any Erythropoietin || Thalidomide + * Ruxolitinib * Ruxolitinib

* Danazol
* Glucocorticoids
* Thalidomide

prednisolone
* Danazol

* Hydroxyurea
* Splenectomy
 Splenic irradiation

Figure 2: Treatment algorithm for primary myelofibrosis

Danazol

Danazol is administered at a dose of 200 mg twice daily.
Monitoring of liver function is regularly recommended
(once monthly). Most patients respond within the first
2-3 months. The therapy should be discontinued if no
response is observed after a 4 months trial of these agents.
A synergistic effect between human recombinant EPO and
danazol treatment has been reported.'

Recommendation

Danazol is recommended as an alternative first-line
therapy in the treatment of anemia in PMEP Grade B
recommendation, evidence level II1."!

Glucocorticoids (mostly used in combination with
thalidomide)

Glucocorticoid therapy is recommended in patients with
hemolytic activity but may also be useful at dose of 10-20
mg/ day in some patients with anemia without hemolytic
activity. In patients with hemolysis and a positive Coomb’s
test, an initial test dose of 1 mg/kg is recommended. Grade
C recommendation, evidence level IV.!

Thalidomide

Thalidomide can increase the hemoglobin level and
decrease spleen size in PMF patients. Low-dose thalidomide
(50 mg/day preferably given at bedtime) in combination
with prednisolone can improve anemia in 20-30% of
patients.' However, thalidomide is associated with
nonhematological toxicity (constipation, sedation,
depression, peripheral neuropathy), and is contraindicated
in pregnancy. It is to be used with caution and effective
contraception in women of child-bearing 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.
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Therapy should be discontinued if no response is seen after
4 months. Grade B recommendation, evidence level II1."

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

Treatment of thrombocytopenia

The panel has examined the available evidence for
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.'? If no response is
observed with this combination, danazol is recommended.

Treatment of symptomatic splenomegaly
Hydroxyurea

The efficacy and safety of hydroxyurea (0.5-2 g/d) in the
treatment of PMF have been reported in very few studies
with relatively small number of patients.!'*!"!

Recommendation

Hydroxyurea is recommended as cytoreductive therapy in
older PMF patients not eligible for transplantation. Grade
B recommendation, evidence level 111"

Janus kinase 2 inhibitors

Several [AK2 inhibitors have been tested, but until now
ruxolitinib is the only approved drug available. Ruxolitinib
has been shown to reduce spleen volume by at least 35%
in 40% of patients with Int-2 or high-risk disease in two
large, randomized controlled trials; and 50% reduction in
spleen length in 50%, 15%, and 48% of patients with Int-1,
Int-2 and high-risk disease, respectively in a phase 2 trial.
(20221 So far, there is no clear evidence that ruxolitinib can
slow disease progression. However, a survival benefit has
been reported in patients on ruxolitinib when compared to
patients on placebo ot best available therapy.”*! Ruxolitinib
is the current treatment of choice for constitutional
prognostic symptoms of the disease (weightloss, fever, and
night sweats), spleen related symptoms (such as abdominal
discomfort, pain under left ribs etc.), 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 ME®! A common misconception is that
JAK inhibition is effective primarily in patients who have the
JAK2V617F mutation. However, ruxolitinib demonstrated
comparable efficacy in patients with or without the V617F
mutation. Since [AK2 is involved in thrombopoietin and
EPO signaling, dose-dependent thrombocytopenia and
anemia should be anticipated and managed appropriately
in MF patients undergoing treatment with [4K2 inhibitors
such as ruxolitinib. Starting dose of ruxolitinib should be
personalized according to baseline platelet counts [Table 3].

In MF patients with baseline platelet counts between 100
and 200 X 10?/L, ruxolitinib starting dose of 15 mg twice
daily is recommended along with frequent monitoring of
platelet and absolute neutrophil counts.”*

Recommendation

Ruxolitinib should be considered as first-choice of
treatment in patients with symptomatic splenomegaly
[Table 3].7*21 Grade A recommendation, evidence
level 1b.”!

Splenectomy

Even though splenectomy procedure is associated with
significant morbidity (25-30%) and mortality (7-10%),
in a restricted subgroup of MF patients 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 type of conditioning used, timing of
the intervention and expertise of the surgeon.”’!

Recommendation

Splenectomy should not be considered for symptomatic
splenomegaly. Splenectomy should be considered only
in patients who are not responsive to hydroxyurea,
interferon-t, 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 111"

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 not eligible
for splenectomy. Grade B recommendation, evidence
level IIL.P' Splenic embolization is not recommended for
symptomatic splenomegaly in MF.

Treatment of symptom burden

Ruxolitinib is the current treatment of choice as no other
therapy has been shown to significantly improve symptom
burden and quality-of-life in ME Grade A recommendation,
evidence level 1b.

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 a synergistic effect when

8 Indian Journal of Medical and Paediatric Oncology | Jan-Mar 2015 | Vol 36 | Issue 1



Agarwal, et al.: Management of Ph-negative MPNs:

Consensus recommendations from Indian MPN-WG

Table 3: Ruxolitinib dose in primary MF

Recommended starting doses based on platelet count

Platelet count

<200x10%/L

100x10%/L-200%x109/L

50x10%/L-<100%10%/L

Dose modifications (with starting platelet count of at least 100x109/L)
Current platelet count

Dose at time of decline in platelet count

Starting dose
20 mg orally twice daily
15 mg orally twice daily
5 mg orally twice daily

Maximum dose based on platelet count after

20mg BID 15 mg BID 10 mg BID 5mgBID prior treatment interruption or dose reduction
New dose to be used
>125x10%/L No change No change No change No change 20 mg BID
100-<125%10%/L 15mg BID No change No change No change 15mg 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
to15mg BID
50-<75x10°/L 5mg BID 5mg BID 5mg BID No change 5 mg BID for 2 weeks; if stable, may increase to

10 mg BID

MF — Myelofibrosis

combined with ruxolitinib especially due to deacetylation of
protein chaperone heat shock protein 90 involved in JAK-
signal transducers and activators of transcription signaling*
Preliminary results from a Phase1b study in MF patients have
provided supportive evidence for combination treatment
strategies in MEP! However, such therapy should only be
considered in the clinical trial setting,

Stem-cell transplantation

Since allo-SCT is the only curative treatment in PME, this
option should be considered in all PMF patients at the time
of diagnosis. It is recommended in eligible patients (no/
minimal associated comorbidities, younger age, availability
of HLA-matched donor) with Int-2 or high-risk MPN
at diagnosis, and duting follow-up of younger low/Int-
1 patients that progress to a higher-risk using DIPSS or
DIPSS plus." " Outcome is better for patients with low-risk
disease, but due to the high procedure-related morbidity and
mortality, transplants should only be performed in patients
with an expected survival of <5 years which includes patients
with IPSS, DIPSS, or DIPSS plus risk score of Int-2 or high-
tisk.""13% Patients above 45 yeats have a very poor survival
on myeloablative conditioning.”"

Recommendation

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 PME Reduced
intensity transplantation should be considered for patients
aged 40-60 years with Int-2 or high-risk at diagnosis or later
during the course of the disease. Grade B recommendation,
evidence level IIL."!

Avoiding thrombotic and bleeding complications
Retrospective analyses indicate that the incidence of
thrombotic complications was similar in PMF and ET.P>*)

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

Evaluation of response and follow-up

Clinical assessment should be done at regular intervals to
monitor response to therapy. The revised International
WG-MPNs Research and Treatment and the European
LeukemiaNet (ELN) criteria are used to objectively assess
treatment outcomes in MF [Table 4].7% Since PMF patients
are especially susceptible to marrow suppression, evaluation
of full blood count is recommended at least on a weekly
basis while starting a new treatment that can potentially
lower blood counts. Once the patient is stable, complete
blood count can be done once in 3 months. Bone marrow
biopsy should be performed on an annual basis in transplant
eligible patients to look for clonal evolution. Bone marrow
examination is essential in assessing the transformation
to acute leukemia. For the transplant ineligible patients,
routine bone marrow aspiration is not indicated unless
there is evidence of leukemic transformation. Other than
allo-SCT or a clinical trial setting, monitoring of molecular
response is not recommended for clinical use. Symptomatic
burden compromises quality-of-life in MF patients leading
to the negative impact on clinical outcomes. Therefore,
symptom assessment should be performed routinely in
MF patients, and the use of MPNs Symptom Assessment
Form Total Symptom Score (SAF TSS) is recommended
to evaluate outcomes.” The MPN-SAF TSS is a reliable
subset of MPN-SAF (10 items) tool that concisely assesses
the prevalence and severity of symptoms in PMFE, PV, and
ET patients [Appendix 2.
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best describes your worst level of fatigue during past 24 h

Filling up quickly when you eat (early satiety)
Abdominal discomfort
Inactivity

disorder

Numbness/tingling (in my hands and feet)
Night sweats

Itching (pruritus)

Bone pain (diffuse not joint pain or arthritis)
Fever (>100F)

Unintentional weight loss last 6 months

Appendix 2: Myeloproliferative neoplasm symptom assessment form total symptom score!*!
Symptom 1-10 (o if absent) ranking 1 is most favorable and 10 least favorable
Please rate your fatigue (weariness, tiredness) by circling the one number that

Circle the one number that describes how, during the past week how much difficulty you have had with each of the following symptoms

Problems with concentration - compared to prior to my myeloproliferative

(No fatigue) 0123 4 5678 910 (worst imaginable)

(Absent) 012345678910 (worstimaginable)
(Absent) 012345678910 (worstimaginable)
(Absent) 0123 45678910 (worst imaginable)
(Absent) 012345678910 (worstimaginable)

(Absent) 0123 45678910 (worst imaginable)
(Absent) 012345678910 (worst Imaginable)
(Absent) 012345678910 (worstimaginable)
(Absent) 012345678910 (worst imaginable)
(Absent) 012345678910 (daily)

(Absent) 012345678910 (worstimaginable)

Polycythemia vera

Treatment goals

Major treatment objectives in patients with PV include
minimizing the risk of thrombosis and progression;
reducing constitutional symptoms, maintaining hematocrit
<0.45, and managing special situations like pregnancy or
cardiovascular risk.

Risk stratification

Current risk stratification strategies in PV are designed to
estimate the likelihood of thrombotic complications and
do not necessarily estimate survival or tisk of leukemic/
fibrotic transformation.’? High-risk is defined by age
above 00 years, previous thrombosis or platelets more
than 1500 X 10°/L. These patients should be treated with
cytoreductive therapy. Low-risk is defined by the absence
of these risk factors and patients in general, should not
receive cytoreductive therapy.

Clinical management

The panel examined clinical evidence for traditional
treatment approaches in PV and recommendations
wete formulated based on the consensus. The treatment
algorithm for PV is provided in Figure 3.

Phlebotomy

The hematoctrit should be maintained at <0.45 and <0.42
in male and female patients, respectively.”” Phlebotomy
is recommended for hematocrit levels >0.48. Grade A
recommendation, evidence Level Ib.

Aspirin therapy

Aspirin has been shown to reduce both arterial and
venous thrombosis in PV.P¥ Aspirin should not be given
to patients with platelets more than 1,500 X 10°/L due
to an increased risk of bleeding, instead cytoreductive
therapy should be initiated. In the case of aspirin allergy,

Conventional risk factors for
atherosclerosis should be
managed aggressively

Phlebotomy to maintain
hematocrit < 0.45 in males
and < 0.42 in female patients

v

Aspirin 75 mg/d, unless
contraindicated

v

Cytoreduction should be considered if : Poor tolerance to phlebotomy
Symptomatic or progressive splenomegaly
Other evidence of disease progression
(e.g. weight loss, night sweats, thrombocytosis)

|

1st line - Interferon-o TSIl =[FyEleges)

. " 2nd line — Ruxolitinib
) e = Al 3rd line - Anagrelide

Figure 3: Treatment algorithm for polycythemia vera

clopidogrel can be used. Grade A recommendation,
evidence level Ib."!

Choice of cytoreductive therapy in polycythemia vera
Interferon-o

Interferon-ot can be considered in younger patients
(<40 years). For patients >40 years of age, hydroxyurea
should be considered as the first line of treatment. Grade B
recommendation, evidence level II1.1

Hydroxyurea

Hydroxyurea is the best-documented drug in PV having
been used in large randomized trials.P**
is recommended as a first-line cytoreductive therapy in

I Hydroxyurea

PV patients >60 years or younger patients who do not
tolerate interferon-ol (Grade A recommendation, evidence
level Ib). Increased risk of leukemic transformation has not
been observed despite long-term hydroxyurea treatment.
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Table 4: Definition of response in Philadelphia chromosome-negative MPNs

Response criteria for MF
Response categories

CR Required criteria (for all response categories, benefit must last for 212 weeks to qualify as a
response)

Bone marrow?: Age-adjusted normocellularity; <5% blasts; <grade 1 MF® and

Peripheral blood: Hb =100 g/L and <UNL; neutrophil count >1x10%/L and <UNL;

Platelet count 2100x10°/L and <UNL; <2% immature myeloid cells¢ and

Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH

PR Peripheral blood: Hb =100 g/L and <UNL; neutrophil count 21x109/L and <UNL; platelet count
>100%10°%/L and <UNL; <2% immature myeloid cells® and

Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH or

Bone marrow?: Age-adjusted normocellularity; <5% blasts; <grade 1 MF®, and peripheral blood: Hb 285
but <100 g/L and <UNL; neutrophil count z1x10%L and < UNL; platelet count 250, but <100 x 109/L and
<UNL; 2% immature myeloid cells¢ and

Clinical: Resolution of disease symptoms; spleen and liver not palpable; no evidence of EMH

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

Anemia response Transfusion-independent patients: a 220 g/L increase in Hb level®
Transfusion-dependent patients: becoming transfusion-independentf
Spleen response? A baseline splenomegaly that is palpable at 5-10 cm, below the LCM, becomes not palpable® or
A baseline splenomegaly that is palpable at >10 cm, below the LCM, decreases by =50%"
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 computed tomography showing 235% spleen
volume reduction

Symptoms response A 250% reduction in the MPN-SAF TSS!

Progressive diseasel Appearance of a new splenomegaly that is palpable at least 5 cm below the LCM or
A z100% 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 220% or

A peripheral blood blast content of 220% associated with an absolute blast count of =1x109/L that lasts
for at least 2 weeks

Stable disease Belonging to none of the above listed response categories
Relapse No longer meeting criteria for at least Cl after achieving CR, PR, or Cl, 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: =250% reduction in abnormal metaphases (PR applies only to patients with at least ten 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 preexisting abnormality
PR: 250% decrease in allele burden (PR applies only to patients with at least 20% mutant allele burden

at baseline)

Cytogenetic/molecular relapse Re-emergence of a preexisting cytogenetic or molecular abnormality that is confirmed by repeat
testing

Response criteria for Polycythemia Vera and Essential Thrombocythemia

Response grade Definition of response in PV Definition of response in essential

thrombocythemia

CR Hct <45% without phlebotomy, and Platelet count <400x10°/L, and
Platelet count < 400x10%/L, and No disease-related symptoms,*and
WBC count <10x109/L, and Normal spleen size on imaging, and
Normal spleen size on imaging, and WBC count < ox109/L

No disease-related symptoms*

Continued

I
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Table 4: (Continued)

PR In patients who do not fulfill the criteria for complete response

In patients who do not fulfill the
criteria for complete response:
Platelet count <600x109/L or
decrease of > 50% from baseline

Hct < 45% without phlebotomy. or
Response in = 3 of the other criteria

Any response that does not satisfy
partial response

CT - Computed tomography; PRBC — Packed red blood cell; MF — Myelofibrosis; WBC —White blood cell; Hct — Hematocrit; PV — Polycythemia vera; TSS — Total

symptom score; SAF — Symptom assessment form; MRI — Magnetic resonance imaging; Cl - Clinical improvement; CR — Complete response; PR — Partial response;

MPN — Myeloproliferative neoplasm; EMH — Extramedullary hematopoiesis (no evidence of EMH implies the absence of pathology or imaging study-proven nonhepatosplenic
EMH); LCM - Left costal margin; UNL — Upper normal limit. ®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; "Grading of MF is according to the European classification. Thiele et al. European consensus

on grading bone marrow fibrosis and assessment of cellularity. Haematologica. 2005;90:1128. 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; Immature myeloid cells constitute blasts + promyelocytes
+myelocytes + metamyelocytes + nucleated red blood cells. In splenectomized patients, <5% immature myeloid cells is allowed; “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 220 g/L decrease in Hb
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 version 4.0. In addition, assignment to Cl requires

a minimum platelet count of 225,000x10°/L and absolute neutrophil count of z0.5x10(9)/L; Applicable only to patients with baseline Hb of <100 g/L. 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

Hb level should be used as the baseline; ‘Transfusion dependency before study enroliment is defined as transfusions of at least 6 units of PRBCs, in the 12 weeks prior to

study enrollment, for a Hb level of <85 g/L, 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 weeks
interval during the treatment phase, capped by a Hb level of 285 g/L; %In splenectomized patients, palpable hepatomegaly is substituted with the same measurement strategy;
"Spleen or liver responses must be confirmed by imaging studies where a 235% reduction in spleen volume, as assessed by MRI or CT, is required. Furthermore, a 235% volume
reduction in the spleen or liver, by MRI or CT, constitutes a response regardless of what is reported with physical examination; ‘'Symptoms are evaluated by the MPN-SAF TSS;
JProgressive disease assignment for splenomegaly requires confirmation my MRI or computed tomography showing a 225% increase in spleen volume from baseline. Baseline

No response Any response that does not satisfy partial response

values for both physical examination and imaging studies refer to pretreatment baseline and not to posttreatment measurements; “Disease-related symptoms include

microvascular disturbances, pruritus, and headache

Hydroxyurea should be continued till patients develop
intolerance or progression. Grade A recommendation,
evidence level Ib.”

Janus kinase 2 inhibitors

Ruxolitinib provided rapid and durable clinical benefits
in patients with advanced PV who were refractory or
intolerant to hydroxyurea in a phase 2 clinical trial.*!
These findings were recently confirmed in a phase 3 trial
in hydroxyurea refractory or intolerant PV patients that
compared 10 mg twice daily ruxolitinib treatment to best
available therapy.*? However, ruxolitinib is presently not
approved for use in PV and should not be used outside of
the context of clinical trials.

Anagrelide

Anagrelide has powerful platelet reducing activity that
could be helpful in the management of patients’ intolerant
or refractory to hydroxyurea, interferon-o., or ruxolitinib.
Grade C recommendation, evidence level TV.!

Radioactive phosphorus
Due to its leukemogenic effect, radioactive phosphorus is
not a recommended option for patients <75 years."!

Evaluation of response and follow-up

The goal of therapy should be normalization of
peripheral blood counts and the ELN criteria for PV
should be used for evaluation of response [Table 4].1*!
Patients on phlebotomy alone should be monitored with
complete blood counts every 4-6 weeks. There is no

indication for repeated bone marrow trephine biopsies
during routine follow-up in PV but is essential in assessing
the transformation to MF or acute leukemia. Monitoring
of molecular response, including sequential assessment
of the [AK2 V617F allele burden is at the moment not
recommended for routine clinical use.

Essential thrombocythemia

Treatment goals

Similar to PV, main treatment goals in ET include the
minimizing risk for thrombosis and progression, normalizing
peripheral blood counts, reducing constitutional symptoms,
and managing special situations like pregnancy.

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.” High-
risk is defined as the presence of age above 60 years or
history of previous thrombosis, or a platelet count more
than 1,500 X 10°/L; and these patients should be treated
with cytoreductive therapy.” Low-risk is defined by the
absence of these 3 factors and should not be treated with
cytoreductive therapy except in patients with uncontrolled
cardiovascular risk factors.”)

Clinical management
Patients with ET are at high-risk for thrombosis.
Hence, vigorous treatment is required for managing

12 Indian Journal of Medical and Paediatric Oncology | Jan-Mar 2015 | Vol 36 | Issue 1



Agarwal, et al.: Management of Ph-negative MPNs: Consensus recommendations from Indian MPN-WG

cardiovascular risk factors. It is important to emphasize
that before starting therapy patients should be
evaluated for eventual progression to MFE, 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 4.

Aspirin

Antiplatelet therapy with aspirin 75-150 mg/day is
recommended, unless otherwise contraindicated, for all
ET patients.

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
ET patients. Hydroxyurea markedly reduces thrombotic
complications compared to aspirin alone."*!

Interferon-o

Interferon-0f treatment is well-documented and safe in
ET and is not considered leukemogenic or teratogenic.*’
Recommendation

Interferon-al 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 I1I).” Interferon-t is the treatment of choice
if cytoreductive therapy is indicated during pregnancy or
when pregnancy is planned.

Janus kinase 2 inhibitors

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

Conventional risk factors
for atherosclerosis should
be managed aggressively

Aspirin 75-150 mg/d,
unless contraindicated

Age > 40 years

1st line - Hydroxyurea
2nd line -Interferon-a

Age < 40 years

1st line - Interferon-o
2nd line - Hydroxyurea

Figure 4: Treatment algorithm for essential thrombocythemia

Other drugs

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

Response monitoring in essential thrombocythemia
The goal of therapy should be to normalize peripheral
blood counts in patients who can tolerate pharmacological
intervention. The ELN response criteria for ET should
be used for evaluation of response [Table 4].%! There is
currently no absolute evidence for a correlation between
platelet levels <400 X 10°/L and the reduced risk of
thrombosis. Therefore, in patients who develop anemia
on hydroxyurea treatment, lowering the dose to allow
for higher platelet number in order to avoid anemia is
acceptable. There is no indication for repeated bone
marrow trephine biopsies in routine follow-up in ET but
is essential in assessing the transformation to MF or acute
leukemia. Monitoring of molecular response, including
sequential assessment of the L4K2 V617F allele burden, is
at the moment not recommended for clinical use.

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 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, cytoreductive therapy, preferably
with hydroxyurea should be started as soon as possible in
patients, not on cytoreductive therapy. Prevention of re-
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’s syndrome associated with
high platelet counts (>1,500 X 10°/L).1*! Therefore,
the most important therapeutic intervention to manage
acute bleeding in the thrombocythemic patient 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,
that is, severe or life-threatening bleeding.*!
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Pruritus

Pruritus, typically aquagenic, can be a severe clinical
problem in PV. Antihistamines may be of benefit. Selective
serotonin re-uptake inhibitors can also lead to improvement
of pruritus. Benefit has been shown with phototherapy
using psoralen and ultraviolet A light.

Transformation to acute myeloid leukemia

The results after conventional AML induction chemotherapy
are dismal in patients developing AML after PV, ET, or
PME, with a very short median survival.*® If possible,
it is recommended that patients undergo allo-SCT after
induction chemotherapy. Hypomethylating agents can be
used as a bridge to transplant.*"

Special issues

Pregnancy

There is limited information in the medical literature
about the management of MPNs in pregnancy.’!! 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 ET patients.”

Pregnancy is likely to be accompanied by a high-risk
of complication 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 complication
that may have been caused by PV/ET (these include
significant ante-or postpartum hemorrhage, severe
preeclampsia, unexplained recurrent first trimester
loss (=3), intrauterine growth retardation (<5% for
gestation), intrauterine death or stillbirth with no other
cause identified, placental abruption), and platelet count
above 1,000 x 10?/1.53

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.”” 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.’" ' 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

Limited information is available from controlled,
randomized clinical trials for the management of Ph-
negative MPNs and consequently, clinical decision
making is extremely challenging. The recommendations
presented in this manuscript are mainly based on the
clinical experience and knowledge of experts in the field of
Ph-negative classical MPNs and a group decision making
process was adopted while interpreting available clinical
evidence in the context of hematology practice in India.
Wherever possible, an expert panel has provided practical
suggestions to assist clinicians in diagnosing and treating
patients with PME, PV, or ET. The goals of current therapy
for Ph-negative classical MPNs are to address major clinical
issues in PMF and to prevent the risk of thrombosis in
PV and ET. The challenges in diagnosis are addressed by
the recently revised WHO classification, which integrates
hematologic, morphologic, and molecular parameters to
separate the three clinical entities. Better understanding of
molecular mechanisms contributing to the pathogenesis
and progression of Ph-negative MPNs during the recent
years will translate into more accurate diagnosis and
targeted treatment approaches in the near future. It is the
intention of this group to update periodically and modify
this consensus statement as and when more data become
available.
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