
Neoplasie mieloproliferative 

croniche



The 2016 revision to the World Health Organization 
Classification of Myeloid Neoplasms and acute leukemias

1. Myeloproliferative neoplasms

2. Myeloid/lymphoid neoplasms with eosinophilia and rearrangement of 
PDGFRA, PDGFRB, or FGFR1, or with PCM1-JAK2

3. Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

4. Myelodysplastic syndromes (MDS)

5. Blastic plasmacytoid dendritic cell neoplasm

6. Acute leukemias of ambiguous lineage

7. Acute myeloid leukemia (AML) and related neoplasms

8. B-lymphoblastic leukemia/lymphoma

9. T-lymphoblastic leukemia/lymphoma

Arber DA et al. Blood. 2016; 127(20):2391-2405



The 2016 revision to the World Health Organization 
classification of myeloid neoplasms and acute leukemia

Arber DA et al. Blood. 2016; 127(20):2391-2405



SMP: definizione

Varietà di disordini clonali acquisiti della cellula staminale 

pluripotente, contrassegnati dalla proliferazione clonale di uno o 

più progenitori emopoietici nel midollo ed in sedi extramidollari
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Differentiation and proliferation

Nimer SD. Blood 2008;111:4841.



Normal myelopoiesis and 
myeloid malignancies

• Myeloproliferative neoplasms (MPN) are 
characterized by excess proliferation in one 
or more of the myeloid lineages and 
frequently by extramedullary 
haematopoiesis. Blood cell morphology is 
normal and differentiation is maintained. 

• Myelodysplastic syndromes (MDS) exhibit 
decreased numbers of cells in the blood, 
whereas their bone marrow is frequently 
hypercellular (ineffective haematopoiesis). 

• Acute myeloid leukaemia (AML) is 
characterized by differentiation arrest and 
accumulation of primitive undifferentiated 
myeloid cells (myeloblasts)

• MDS/MPN display a combination of the 
features of MDS and MPN with dysplasia 
and excess production of blood cells in at 
least one of the myeloid lineages. 

Deininger MWN et al. Nature Review Cancer. 2017;17:425



Tyrosine kinase genes in CMPD

• 9q34: ABL1 

– t(9;22)(q34;q11): BCR-ABL1 CML

• 5q33: PDGFRB 

– t(5:12)(q33;p13): ETV6-PDGFRB CMML with eosinophilia

• 8p11: FGFR1

– t(8;13)(p11;q12): 8p11 CMPD

• 4q12: PDGFRA

– del4q12: FIP1L1-PDGFRA: HES

• 4q12: KIT

– KIT (D816V): systemic mastocytosis

• 9p24: JAK2

– JAK2(V617F): PV, ET, IM



Tyrosine kinase involved in the pathogenesis of CMPD

Keersmaecker Leukemia 2006



Classification and molecular pathogenesis of the MPD 

Levine RL et al. Nat Rev Cancer. 2007;7:673-83



LEUCEMIA MIELOIDE CRONICA



The development of CML



Milestones in the history of CML

1960: Abnormal chromosome 22 (Philadelphia chromosome) identified and associated with CML

1973: Translocation 9;22 defined

1983: Molecular studies of fusion abnormality of breakpoint cluster gene (bcr) with cellular abl gene (c-abl)

1984: Fusion cytoplasmic protein BCR-ABL found to alter cell proliferation, adhesion and survival

1984: Constitutive abnormal BCR-ABL tyrosine kinase activity defined

1988: Development of synthetic pharmacologic inhibitors that target tyrosine kinases

1998: Phase I clinical trials using STI-571 initiated

2001: STI571 is approved for treatment of CML that is refractory to IFN-therapy



t(9;22)



Schematic diagram of the translocation that creates the 
Philadelphia chromosome.



The t(9;22) translocation and ts products



Deregulation by BCR-ABL of proliferation, 
adherence, and apoptosis



Main BCR/ABL-activated pathways regulating proliferation 
and survival of hematopoietic cells

Weisberg E et al. Nature Reviews Cancer 7:345-356;2007.



Possible mechanisms of CML disease 
progression



LMC: epidemiologia

• Rappresenta il 15-20% di 

tutte le leucemie

• Incidenza 1-1,5 

casi/100.000 individui anno

• M>F

• Età mediana: 50 anni



Clinical course of CML



LMC: clinica

• Asintomatica in un terzo dei casi
– Leucocitosi di diversa entità

– Splenomegalia

• Fase accelerata/blastica: 

• come leucemia

Apperley JF. Lancet 2015; 385: 1447–59



Formula al microscopio ottico

Neutrofili 66%

Promielociti 5%

Mielociti 6%

Metamielociti 6%

Blasti 1%

Linfociti 4%

Monociti 8%

Eosinofili 1%

Basofili 3%



LEUCEMIA MIELOIDE CRONICA: 

fase cronica



CML: fosfatasi alcalina leucocitaria

Leucemia 

mieloide 

cronica

Policitemia 

vera



t(9;22): citogenetica



DUAL COLOUR FISH TO DETECT CHROMOSOME TRANSLOCATIONS

Fusion gene detection

Translocation

NORMAL 



Apperley JF. Lancet 2015; 385: 1447–59

Mandatory diagnostic tests for CML

1. Blood count with blood film differential. 

– This will typically show a so-called left shift of the myeloid series with the 
presence of rare blasts, promyelocytes, myelocytes and metamyelocytes, 
basophils, and eosinophils.

– these must be accurately quantified as the results contribute to accurate 
identification of disease stage and prognostic scoring systems.

2. Bone marrow aspirate with differential 

– to include percentages of blasts, promyelocytes, myelocytes, eosinophils, and 
basophils.

3. Cytogenetics and karyotyping by G banding: 

– fluorescent in-situ hybridisation is not sufficient at diagnosis as it is unable to 
identify chromosomal abnormalities in addition to the t(9;22) translocation

4. Reverse transcriptase PCR for BCR-ABL1 mRNA transcripts.



Calculation of relative risk

Baccarani et al. Blood. 2013;122(6):872-884)

PFS calculated for 2010 pts 

with follow-up ( P .0069).

Hasford et al Blood. 2011;118(3):686-692)



Development of treatments for CML

Lancet 2007; 370: 342–50



Imatinib Mesylate

Druker BJ. Blood. 2008;112:4808-4817)

http://content.nejm.org/content/vol346/issue9/images/large/09f1.jpeg


Second generation inhibitors of BCR-ABL for the treatment 
of imatinib-resistant CML



Tyrosine Kinase Inhibitors Available for 
Chronic Myeloid Leukemia

Jabbour AJH 2016



Chronic phase treatment recommendations for first,
second, and subsequent lines of treatment

Baccarani et al. Blood. 2013;122(6):872-884)
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Raanani Cancer Letters 2014:352:21



A
p

p
e

rl
e

y
 J

F
. 
L

a
n

c
e

t 
2

0
1

5
; 

3
8

5
: 

1
4

4
7

–
5
9



Risposta ematologica, citogenetica e molecolare

Risposta citogenetica metafasi Ph+ 

(almeno 20)

Minore 35-90 %

Parziale 1-34 %

Completa 0 %

Risposta ematologica completa:

•WBC < 10 x 10^9/L

•Piastrine < 450 x 10^9/L

•Conta differenziale normale

•Milza non palpabile

Risposta molecolare:

• Early molecular response (EMR): BCR–ABL1 ≤10% at 3 months

• Major molecular response (MMR): BCR–ABL1 ≤0.1% and, at least, 10,000 copies of ABL1 transcript

• Deep molecular response: detectable disease with BCR–ABL1 ≤0.01%, or undetectable disease 

with 10,000–31,999 ABL1 transcript copies (MR4); or by detectable disease with BCR–ABL1 

≤0.0032%, or undetectable disease with at least 32,000 ABL1 transcript copies (MR4.5)

Monitoraggio

Ematologico: ogni 2 settimane fino alla risposta completa, poi ogni 3 mesi

Citogenetico: ogni 6 mesi fino alla risposta citogenetica completa, poi ogni 12 mesi

Molecolare: ogni 3 mesi; analisi mutazionale in caso di non risposta o risposta subottimale o 

aumento del trascritto 



Soverini et al. The Oncologist 2016



Definition of the response to TKIs as first-line treatment

Baccarani et al. Blood. 2013;122(6):872-884



Survival with CML in five consecutive randomized studies of 
the German CML Study Group since 1983; update 2016.

Rüdiger Hehlmann.Haematologica. 2016;101:657-9



Relative and overall survival of 2290 CML patients from the 
European Treatment and Outcome Study (EUTOS) for CML 

treated with imatinib

Rüdiger Hehlmann.Haematologica. 2016;101:657-9



Event-free survival by level of cytogenetic response at 6 
months after the initiation of imatinib treatment.

Hochhau et al. Leukemia (2009) 23, 1054–1061;



Disease burden and tests.

Blood. 2009;114:3376-3381





In vitro sensitivity of unmutated BCR-ABL1 and of some more frequent BCR-ABL1 kinase domain 
mutants to imatinib, nilotinib, dasatinib, bosutinib, and ponatinib

Baccarani et al. Blood. 2013;122(6):872-884)



Apperley JL Lancet Oncology 2007, 8, 1018



Definitions of the response to 
second-line therapy in case of 

failure of imatinib

Baccarani et al. Blood. 2013;122(6):872-884)



Arber DA et al. Blood. 2016; 127(20):2391-2405



Apperley JF. Lancet 2015; 385: 1447–59

Criteria for blast phases of CML 



Treatment strategy recommendations for CML in AP or BP

Baccarani et al. Blood. 2013;122(6):872-884)



Indication for allo-SCT in CML

Barrett Blood. 2015;125(21):3230-3235)

CP
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Shifting market composition for CML agents 2010–2020

Data are for the major pharmaceutical markets (US, France, Germany, Italy, Spain, UK and Japan). The established long-term safety and 

efficacy of imatinib (Gleevec; Novartis) will make it difficult for dasatinib (Sprycel; Bristol–Myers Squibb) and nilotinib (Tasigna; Novartis) to 

increase their penetration of the first-line treatment setting. Both agents will also experience competition from novel agents pushing in to 

the second-line territory they now occupy. Novel agents and T315I-targeted therapies will grow important market niches. Source: Wilson 

HTM Research. 

Shane Storey Nature Reviews Drug Discovery 8, 447-448 (June 2009)





Molecular genetic abnormalities in myeloid/lymphoid 
neoplasms associated with eosinophilia

Arber DA et al. Blood. 2016; 127(20):2391-2405



Classification and molecular pathogenesis of the MPD 

Levine RL et al. Nat Rev Cancer. 2007;7:673-83



Tyrosine kinase involved in the pathogenesis of CMPD

Keersmaecker Leukemia 2006



Role of cytokine receptors in the oncogenic properties of 
JAK2V617F and CALR mutants.

(A) JAK2V617F activates 
signaling through the 3 main 
homodimeric receptors EPOR, 
MPL, and G-CSFR, which are 
involved in erythrocytosis,
thrombocytosis, and 
neutrophilia, respectively.

(B) The CALR mutants mainly 
activate MPL and at a low 
level the G-CSFR but not the 
EPOR, explaining the 
thrombocytosis associated 
with these mutants

Vainchenker W. Blood. 2017;129(6):667-679



JAK2 V617F

Vannucchi AM. NEJM, 2010;3623:1180



Genes involved in epigenetic regulation and leukemic 
transformation.

The mechanisms by which 
the genes involved in the 
epigenetic regulation lead 
to modifications in gene 
regulation are detailed. 
Some genes involved in 
leukemic transformation 
(N-Ras pathway and 
transcription factors such 
as p53, RUNX1) are also 
described. MEK, 
MAPK/ERK-kinase; RAF, 
rapidly accelerated 
fibrosarcoma; SOS, Son of 
Sevenless; TF, 
transcription factor.

Vainchenker W. Blood. 2017;129(6):667-679



Commonly mutated genes in the 
myeloproliferative neoplasms

Langabeer et al EJH 2015:95;270–279
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Tefferi & Barbui Am. J. Hematol. 92:95–108, 2016.



Policitemia Vera (PV)

• Definizione
– Malattia neoplastica derivata dall’espansione clonale della 

cellula staminale trasformata e caratterizzata soprattutto da 
incremento della massa eritrocitaria.

• Epidemiologia
– Incidenza in Europa: 8-10 casi/1,000,000 per anno (2 in 

Giappone, 13 in Australia)



PV: decorsoFase 

asintomatica

Fase 

eritrocitosica

Fase 

spenta
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mieloide
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Prurito

Parametri ematologici stabili 

Nessuna terapia

Anemia

Leucocitosi
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piastrinopenia

Splenomegalia

Febbre

Calo ponderale



PV: clinica

• Età media 60 anni, 

• M/F 2:1

• Esordio

– Asintomatico

– Sintomatico
• Cefalea, acufeni, vertigini, disturbi 

visivi, (scotomi, diplopia)  da 

iperviscosità ematica

• Episodi vascolari (trombotici e/o 

emorragici) di diversa gravità (40% 

dei casi causa di morte)

• Prurito

• Ipertensione

• rubeosi

Stein et al, JCO 2015 



2008 WHO DIAGNOSTIC CRITERIA FOR PV

A1 Hgb >18.5 g/dl (men)  or  >16.5 g/dl (women) or Hgb or Hct > 99th percentile of 

reference range for age, sex or altitude of residence or

Hgb >17 g/dl (men), or > 15 g/dl (women) if associated with a sustained 

increase of >= 2g/dl from baseline that cannot be attributed to correction of 

iron deficiency or

Elevated red cell mass > 25% above mean normal predicted value 

A2 Presence of JAK2617V>F or similar mutation

B1 BM trilineage myeloproliferation

B2 Subnormal serum EPO levels

B3 Endogenous erythroid colony formation in vitro

A1 + A2 + 1 minor criterion or A1 and 2 minor criteria

Tefferi A & Vardiman JW,  Leukemia 2008; 22: 14. 



2016 WHO criteria for PV
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Familial polycythemia

• High Epo levels

– Low P50: increased affinity of hemoglobin for oxygen
• High-O2-affinity hemoglobin variants

• 2,3-bisphosphoglycerate (2,3-BPG) deficiency

• Methemoglobinemia

– Normal P50: defects in oxygen sensing
• Homozygous Chuvash VHL mutation

• Other VHL mutations

• Low or normal Epo levels

– Epo-R mutations: primary familial and congenital polycythemias



Rumi & Cazzola BJH 2017



Secondary polycythemia

• Physiologically inappropriate EPO increase

– Tumors:
• renal cell carcinoma, 

• Wilms tumor, 

• hepatoma, 

• uterine fibroma, 

• cerebellar hemangioma, 

• atrial myxoma

– Benign renal disease:
• polycystic kidney disease, 

• hydronephrosis, 

• renal artery stenosis (rare)

– Postrenal transplantation erythrocytosis

– Endocrine disorders:
• pheochromocytoma, 

• primary aldosteronism, 

• Bartter syndrome, 

• Cushing syndrome

– Erythropoiesis-stimulating hormones
• Epo, androgens



Secondary polycythemia

• Physiologically appropriate EPO increase: response to hypoxia

– Reduced PaO2: 

• chronic lung disease, 

• pickwickian (obesity-hypoventilation) syndrome,

• sleep apnea, 

• high altitude, 

• cyanotic heart disease

– Normal PaO2: 

• smokers' and CO-induced polycythemia



diagnostic algorithm for secondary erythrocytosis

Tefferi & Barbui Am. J. Hematol. 92:95–108, 2016.



Algoritmo diagnostico per la PV

Tefferi A & Vardiman JW,  Leukemia 2008; 22: 14. 



Stein et al, JCO 2015 



Tefferi & Barbui Am. J. Hematol. 92:95–108, 2016.

CV risk factors: Hypertension, 
hypercolesterolemia, diabetes, smoking, 
congestive heart failure



Treatment of PV

• Low-risk PV patients 
– phlebotomy (grade A; Hct < 45%) and low-dose aspirin (grade A)

• Intermediate and high-risk patients 
– HU + phlebotomy and aspirin (grade A). 

– Alpha-interferon in younger subjects and women of childbearing 
age (grade C). 

• New treatments: 
– JAK2 inhibitors: ruxolitinib



Trombocitemia essenziale TE

• Definizione

– Disordine clonale mieloproliferativo cronico caratterizzato da 

trombocitosi (pst > 450.000 mL) con iperplasia 

megacariocitaria nel midollo.

• Incidenza

– 1-2.5 casi 100.000 individui anno



TE: clinica

• Età: media 50 anni (range 40-70)

• M=F

• Esordio 
– Asintomatico

– Manifestazioni trombotiche arteriose e venose (1/3 dei casi)
• Distretti mesenterico, renale, portale, plenico 

– Manifestazioni emorragiche cutanee e mucose
• Ematemesi e melena

• S. di von Willebrand acquisita (Plt > 1.000.000 mL)

– Manifestazioni neurologiche
• Cefalea, parestesie, instabilità microcircolo piedi e emani 

(eritromelalgia), eritema e dolore urente alle estremità

• Aborti in gravidanza

– Splenomegalia 



Prevalence of constitutional symptoms

reported by ET patients

Aliman t al, BJH 2015:171:306



2008 WHO diagnostic criteria for ET 

Diagnosis of ET requires all 4 major criteria

A1 Sustained platelet count  > 450 x 109/L

A2 Megakaryocyte proliferation with large and mature morphology.

No or little granulocyte or erythroid proliferation.

A3 Not meeting WHO criteria for PV, PMF, CML, MDS or other myeloid neoplasm

A4 Demonstration of JAK2617V>F or other clonal marker, or 

no evidence for reactive thrombocytosis|| 

Tefferi A & Vardiman JW,  Leukemia 2008; 22: 14. 



2016 WHO criteria for ET

Arber DA et al. Blood. 2016; 127(20):2391-2405



Tefferi & Barbui Am. J. Hematol. 92:95–108, 2016.



approach to the differential diagnosis of thrombocytosis.

Rumi & Cazzola Blood 2016



Familial thrombocytosis

• Familial thrombocytosis (rare)

– High Tpo levels: 

• Tpo gene mutations

– Activating mutation of c-Mpl (Tpo-R)

– Others



Secondary thrombocytosis

• Secondary thrombocytosis

– Transient processes

• Acute blood loss

• Recovery ("rebound") from thrombocytopenia

• Acute infection or inflammation

• Response to exercise

• Drug reactions

– Sustained processes

• Iron deficiency

• Hemolytic anemia

• Asplenic state (eg, after splenectomy)

• Chronic inflammatory or infectious diseases

• Cancer



Tefferi & Barbui Am. J. Hematol. 92:95–108, 2016.

CV risk factors: Hypertension, 
hypercolesterolemia, diabetes, smoking, 
congestive heart failure



Risk-stratified approach to the management of ET

1. Manage reversible risk factors for vascular disease (smoking, diabetes, 

hypercholesterolaemia, etc.)

2. Low-dose ASA, except in pts with history of haemorrhage or acquired von 

Willebrand's disease.

3. Stratify treatment according to thrombotic risk:

i. High-risk pts 
i. HU and low-dose ASA

ii. Intermediate-risk pts 
i. low-dose ASA ± HU

iii. Low-risk patients 
i. low-dose ASA

4. For patients refractory to or intolerant of HU; non-leukaemogenic treatment 

(IFN-α or anagrelide).



TE: evoluzione

TE

Mielofibrosi

Exitus

Trombosi emorragie

LAM



Idiopathic myelofibrosis



definition

• Chronic myeloproliferative disorder characterised by:

– Anemia

– Splenomegaly

– Immature granulocytes, erythroblasts, teardrop-shaped red 

cells and an increase in CD34+ cells in the blood

– Marrow fibrosis

– Osteosclerosis

– Fibrohematopoietic tumors that can occur in virtually any 

tissue



epidemiology

• Incidence in western countries

– 0.4-0.7 new cases per 100.000 person/year

• Median age at presentation 65 years

– 22% of patients are aged 55 years or less

• Secondary complication of polycythemia vera and essential 

thrombocythemia (rate 10-20% after 15-20 years of follow-up)

• 10-20% of patients have leukemic transformation in the first 

10 years



Idiopathic myelofibrosis

http://theoncologist.alphamedpress.org/content/vol8/issue3/images/large/225_fig3.jpeg


Vainchenker W. Blood. 2017;129(6):667-679

MKs play a central role in MI pathogenesis.



Role of JAK2 signaling in the pathogenesis of splenomegaly, clinical 

manifestations, and constitutional symptoms in myelofibrosis.

Epo,

Tpo

G-CSF

GM-CSF

Srdan Verstovse.k Clin Cancer Res; 16(7) April 1, 2010



2008 WHO diagnostic criteria for primary MF 

Diagnosis of PMF requires meeting all 3 major criteria and 2 minor criteria

A1 Megakaryocyte proliferation and atypia* accompanied by either reticulin and/or collagen fibrosis, or

In the absence of reticulin fibrosis, the megakaryocyte changes must be accompanied by increased 

marrow cellularity, granulocytic proliferation and often decreased erythropoiesis (i.e. pre-fibrotic 

PMF).

A2 Not meeting WHO criteria for PV,  CML,  MDS,  or other myeloid neoplasm

A3 Demonstration of JAK2617V>F or other clonal marker, no evidence ofreactive marrow fibrosis 

B1 Leukoerythroblastosis

B2 Increase in serum lactate dehydrogenase level

B3 Anemia

B4 Palpable splenomegaly

Tefferi A & Vardiman JW,  Leukemia 2008; 22: 14. 



2016 WHO criteria for prePMF

Arber DA et al. Blood. 2016; 127(20):2391-2405



Grading of myelofibrosis

Arber DA et al. Blood. 2016; 127(20):2391-2405



2016 WHO criteria for overt PMF

Arber DA et al. Blood. 2016; 127(20):2391-2405





presentation

• Heterogeneous presentation

– Asymptomatic patients

– Symptomatic patients

• Splenomegaly

• Anemia

• Constitutional symptoms



MPN symptoms by subtype.

Geyer Blood. 2014;124(24):3529-3537)



MPN symptom severity (A) and prevalence (B) by subtype.

Geyer Blood. 2014;124(24):3529-3537)



MPN complication rates, prognosis and risk scoring 
algorithms

Geyer Blood. 2014;124(24):3529-3537)



Hematologic features

• Leukopenia

• Leukocytosis 

– (leukoerythroblastosis)

• Thrombocytopenia

• Thrombocytosis

• Anemia 

– (dacriocytes)

• Increased LDH



Prognosis

• Median survival: 3.5-5 years

– Wide variability

• Adverse prognostic factors

– Constitutional symptoms

– Hb < 10 g/dL

– WBC count < 4 or > 30 x 109/L

– Blood blasts > 1%

– cytogenetics

– Type of mutation 



Algoritmo diagnostico per la MI

Tefferi A & Vardiman JW,  Leukemia 2008; 22: 14. 



IPSS and DIPSS(plus) prognostic scoring systems





Survival in MI 

Rumi et al, Blood. 2014;124(7):1062-1069)



treatments
• Treatment options: 

– Supportive treatments (EPO)

– Hydrossycarbamide

– Steroids

– JAK2 inhibitors (ruxolitinib)

– Immunomodulating drugs (Imids)

– Splenectomy

– Radiotherapy

– Allo-BMT

– Telomerase inhibitors



Prognostic and therapeutic treatment algorithm in primary and 
secondary myelofibrosis

RUX, ruxolitinib; ESA, erythropoiesis stimulating agents; 
HSCT, hemopoietic stem cells transplant; IMiDs, immunomodulating drugs. Palandri et al. Hematol Oncol 2016



Devlin & Gupta. ASH 2016



Tefferi AJH 2016



Main clinical needs of myelofibrosis and possible treatment strategies 
that are currently under evaluation

Palandri et al. Hematol Oncol 2016


