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• MPN = clonal, hematopoietic stem cell disorders, 

proliferation in BM of one or more myeloid cell

lines.

• similar ‘clinical phenotype’

• 1960: Phi- MPN and Phi + (CML)

• BCR-ABL1 negative MPN

Introduction



2022 classification of MPN
(ICC: international consensus classification)

Arber et al. Blood 2022   (15 th Sept)
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Driver mutations in MPN

Klampfl T et al. N Engl J Med 2013;369:2379-2390.
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JAK-STAT signalling → external signals are transmitted across the 

cell membrane via cytokine receptors  → nucleus  → initiating 

expression of genes regulating cell growth, differentiation and death

JAK-STAT SIGNALLING PATHWAY

Jatiani SS, et al. Genes Cancer 2010; 1:979–993.

cytokine receptor plasma membrane

cytoplasm

nucleus



Skoda RC et al. Experimental Hematology 2015;43:599

V617F JAK2 mutation



MPL mutation

MPL W515L/K mutation:

➢ MPL gene codes for TPO cytokine

receptor and activates the JAK2 pathway

➢ mutation results in constitutive JAK/STAT activation



Molecular Cell Biology Lodish et al., Seventh Edition, W. H. Freeman and Co. New York

Calreticulin is a major chaperone 

resident in the Endoplasmic Reticulum 

via 

KDEL C-Terminal Sequence

CALR: encoding calreticulin



CALR mutation

Klampfl T et al. N Engl J Med 2013;369:2379-2390.

➢ CALR mutation: loss of KDEL retention signal (C-terminus)

➢ CALR mutants → activation of JAK-STAT pathway 

(through TPO-R)

➢ two mutation variants: type 1 and type 2

Peptide Sequences of the Two Most Common CALR Mutations

Nonmutant CALR

52-bp Deletion
(type 1 mutation)

5-bp Insertion
(type 2 mutation)

CALR Exon 9 3'UTR



POLYCYTEMIA 

VERA



2022 definition PV

Arber et al. Blood 2022

Diagnostic thresholds: hemoglobin: 16.5 g/dL in men and 16.0 g/dL in women; hematocrit: 49% in men and 

48% in women; red blood cell mass: 25% above mean normal predicted value.

‡ bone marrow biopsy may not be required in patients with sustained absolute erythrocytosis (hemoglobin 

concentrations of 18.5 g/dL in men or 16.5 g/dL in women and hematocrit values of 55.5% in men or 49.5% in 

women) and the presence of a JAK2 V617F or JAK2 exon 12 mutation.



secondary polycythemia



• thrombosis (art > ven)

• facial plethora, pruritus (aquagenic) (40%), constitutional Σpt

• microvascular disturbances: headaches, erythromelalgia

• hyperviscosity: dizziness, visual disturbances, headaches

• abdominal discomfort  (splenomegaly)

PV: clinical manifestations

Landolfi et al. Leukemia 2008



PV: risk stratification

Low risk - age below 60 years

- no history of trombosis

- absence of cardiovascular risk 

factors (DM, smoking, cholesterol, 

AHT ao.)

High risk - age 60 years or older

- history of thrombosis



Tefferi et al. Leukemia 2013

Risk factors:

• age > 67 yr = 5 pt

• age 55-67 yr = 2 pt

• WBC > 15.000/µl = 1 pt

• venous thrombosis = 1 pt

Low R = 0 pt

Int R = 1-2 pt

High R = ≥ 3 pt

PV: IPSS for overall survival



PV: management

target Hct < 0.45

Low risk - phlebotomy

- low dose ASA (75-100 mg/d if no

contra indication)

- manage CV risk factors

aggressively

High risk
- phlebotomy

- low dose ASA (75-100 mg if no C-I)

- cytoreductive therapy

- manage CV risk factors

aggressively



Marchioli et al. NEJM 2013

target Hct < 45%

CYTO-PV trial



HYDROXUREA (HU):    antimetabolite, ↔ DNA synthesis through

inhibition of ribonucleoside reductase

➢ starting dose 15-20 mg/kg/d   → target hct < 45 %  

(additional phlebotomy if necessary)

➢ female patients on HU: avoid pregancies.

PV: cytoreductive medication



HYDROXUREA (HU):   side effects

➢ leukopenia en macrocytic anemia

➢ drug fever

➢ mucocutaneous ulcerations

➢ cutaneous leg ulcers

➢ hyperpigmentation skin and nails

PV: cytoreductive medication



Peg-IFN-α 2a

hematological response

Kiladjian J et al. Blood 2008

molecular response

94% CHR 24% CMR

PV: INTERFERON

➢ contra-indications → thyroid or psychological disturbances

➢ indications IFNα → selected patient groups

• young patients (< 40 yr)

• pregnancy

• (untreatable pruritus)

• (hydroxurea intolerance)

➢ side effects +++ → 1/3 of the patients interrupts treatment



PV: ROPEGINTERFERON alfa-2b

PROUD-PV and CONTINUATION-PV trial
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JAK inhibition in PV

RESPONSE trial
Vannucchi et al. NEJM 2015





Vannucchi et al. NEJM 2015 

JAKAVI® in PV: second line therapy

• HU resistance

• HU intolerance



JAKAVI  in  PV

• starting dose 2 x 10 mg/day

• well tolerated: rarely headache, gastro-intestinal symptoms, 

hypertension, hypercholesterolemia

• increased incidence herpes zoster infections: propylactic

aciclovir after first infection

• very strong activity against pruritus



ESSENTIAL

THROMBOCYTHEMIA



2022 definition ET

Arber et al. Blood 2022



ET: clinical symptoms

- mostly asymptomatic

- 10 – 15 %:  thrombosis  (art > ven)

- microcirculatory disturbances: headache, dizziness, distal 

paresthesias, acrocyanosis, erythromelalgia

- bleedings  (cave: BP > 1.500.000/µl)

- itching   (10 – 30 %)



ET: risk stratification
Low risk - younger < 60 yr

- no history of thrombosis

- BP < 1.500.000/µl 

Intermediate risk
- no ‘clear cut’ definition (not low, not

high)

- ‘operational definition’: low risk 

patients with one or more of the 

following risk factors: CV disease, 

diabetes, smoking, hypertension, 

familial thrombophilia, ea.

High risk - older > 60 yr

- history of thrombo-embolic event(s)

- BP > 1.500.000/µl



Risk group number risk factors 

(points)

Thrombosis free survival 

(TFS)

Low    (41%) 0 - 1 87%    (after 15 yr)

Intermediate

(47%)
2

first 10 yr as low risk; next 

5 yr as high risk

High  (12%) 3 - 6 50%   (after 7 yr)

IPSET – thrombosis score

Barbui et al. Blood 2012; Revised in Blood Cancer J 2015. 

Risk factors:

• age > 60 yr:   1 point (< 60 yr:   0 points)

• CV risk factors:  YES → 1 point (no → 0 points) 

• history thrombo-embolic events :  YES → 2 points     (no:   0 points)

• JAK2 V617F mutation: present → 2 points          (absent: 0 points)



ET: management

Low risk • low dose ASA

(if no contra-indication)

Intermediate risk
• low dose ASA

• treat C-V risk factors ‘aggressively’

• in some patients: BP reduction

(decision on individual base)

High risk • low dose ASA

• reduce BP to < 450.000/µl

• treat C-V risk factors 



• ANAGRELIDE (Xagrid®)

- inhibits cyclic AMP phosphodiesterase III

- selective inhibitory effect on the megakaryocytic cell line

- effective reduction of BP  → overall response (76-94%)

Harrison et al. NEJM 2005

ET: cytoreductive medication

• HYDROXUREA  → first line !

• IFN α → reserved for young females or contra-indication for HU + 

anagrelide



ANAGRELIDE :    side effects

• headache (13-35 %)

• palpitations / tachycardia (9-21 %) 

• increasing cardiac insufficiency

ET: cytoreductive medication

ANAGRELIDE :    indications

• HU resistance

• HU intolerance

• HU contra-indication

Birgegård G. Ann Hematol 2008



ET and pregnancy

• 70 – 80 % ET patients  → succesfull pregnancy

• pregnancy loss during first trimester → 25 – 40 %   

• estimation of risk:

high risk: history of major thrombosis or bleeding, history of serious

pregnancy complications, BP > 1.500.000/µl, hereditary thrombophilia

factors

• treatment:

Low risk - low dose ASA   (50 - 100 mg/d)

- LMWH 4000 U/d after delivery until 6 weeks postpartum

High risk
- LMWH during the entire pregnancy

(exception: (previous) bleeding complications !)

- IFN-α if BP > 1.000.000/µl



MYELOFIBROSIS



➢ intramedullary fibrosis

➢ progressive cytopenia

➢ splenomegaly

➢ debilitating constitutional symptoms

• estimated incidence PMF:  1 à 2 per 100.000

• median age at diagnosis: 61 yr

• F = M 

Myelofibrosis



MF  - clinical presentation

reticulin staining



PMF (primary myelofibrosis):
overt fibrotic stage

* morphology of megakaryocytes in overt PMF usually demonstrates a higher degree of megakaryocytic atypia than in any

other MPN subtype; distinctive features of megakaryocytes include small to giant megakaryocytes with a prevalence of

severe maturation defects (cloud-like, hypolobulated, and hyperchromatic nuclei) and presence of abnormal large dense

clusters (mostly . 6 megakaryocytes lying strictly adjacent)

Arber et al. Blood 2022

2022   ICC



MYELOFIBROSIS HISTOLOGIC GRADING 

CRITERIA

bone marrow fibrosis is detected using reticulin and trichome (for collagen) staining

Grading
Corresponding 

clinical staging
Description*

MF–0
Prefibrotic and 

early disease

Scattered linear reticulin with no intersections

(cross-overs) corresponding to normal bone 

marrow

MF–1
Prefibrotic and 

early disease

Loose network of reticulin with many intersections, 

especially in perivascular areas

MF–2 Advanced

Diffuse and dense increase in reticulin with 

extensive intersections, occasionally with only 

focal bundles of collagen and/or focal 

osteosclerosis

MF–3 Advanced

Diffuse and dense increase in reticulin with 

extensive intersections with coarse bundles of 

collagen, often associated with significant 

osteosclerosis

* Fiber density should be assessed in hematopoietic (cellular) areas.



pre-PMF:
early/prefibrotic stage

* morphology of megakaryocytes in pre-PMF usually demonstrates a higher degree of megakaryocytic atypia than in any

other MPN subtype; distinctive features of megakaryocytes include small to giant megakaryocytes with a prevalence of

severe maturation defects (cloud-like, hypolobulated, and hyperchromatic nuclei) and presence of abnormal large dense

clusters (mostly . 6 megakaryocytes lying strictly adjacent)

Arber et al. Blood 2022

2022   ICC



2022   ICC definition:  post-PV MF      (PPV-MF)

Arber et al. Blood 2022



2022   ICC definition: post-ET MF      (PET-MF)

Arber et al. Blood 2022



Vannucchi AM et al, Leukemia 2013

NGS needed !!!

+ U2AF1



Prognostic scores in MF



Prognostic score (IPSS – PMF) 

Risk group number of risk factors median survival 

(years)

Low 0 11,3

Intermediate 1 1 7,9

Intermediate 2 2 4

High ≥ 3 2,3

Risk factors:

• age > 65 yr

• Hb < 10 g/dl

• WBC > 25.000/µl

• peripheral blasts ≥ 1 %

• consitutional Σpt (weight loss > 10 %, night sweats, unexplained fever)

Cervantes et al. Blood 2009



- MIPPS 70 plus V2.0  score   -

http://www.mipss70score.it/

prognostic system for transplantation-age patients with PMF, integrating clinical, cytogenetic and mutation data.
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1 HMR: presence of at least one mutated gene among ASXL1, EZH2, SRSF2, IDH1/2, U2AF1
2 favorable karyotype: normal karyotype or sole abnormalities of 13q-, +9, 20q-, chromosome 1 translocation/duplication or sex

chromosome abnormality including –Y; unfavourable: all other abnormalities excluding very high risk karyotype.
3 very high risk karyotype: single/multiple abnormalities of -7, i(17q), inv(3)/3q21, 12p-/12p11.2, 11q-/11q23, or other autosomal

trisomies not including + 8/ + 9 (e.g., +21, +19);



- MYSEC prognostic model -

Leukemia 2017

Secondary MF

= SMF

= PPV-MF and PET-MF

http://www.mysec-pm.eu/



prognosis ~ transplantation risk

➢ transplant related mortality (TRM) at 1 yr:   16 – 43 %

➢ overall survival (OS) at 5 yr:   35-50%

➢ disease free survival (DFS) at 5 yr: 33 % if sib donor, 27 % if MUD

allogeneic stem cell transplantation

Ballen K, Blood Cancer Journal  2012

➢ eligibility for Tx based on:

- prognostic scoring

- age

- co-morbidities

- patient’s preference

http://therecordingrevolution.com/wordpress/wp-content/uploads/2013/10/balance.jpg


INDICATIONS

➢ intermediate-2 and high risk MF patients (high risk and very high risk 

for MIPSS-70 V2.0)

➢ all egible patients age < 68 years

➢ if intermediate-1 (or intermediate): 

➢ transfusion-dependent anemia

➢ peripheral blood blasts > 2%

➢ adverse non-MPN driver mutations (ASXL1 eo.) and adverse cytogenetics

allogeneic stem cell transplantation in MF 

inspired on Kröger et al, Leukemia 2015

http://therecordingrevolution.com/wordpress/wp-content/uploads/2013/10/balance.jpg


- hydroxurea → non-lasting effect on splenomegaly and constitutional symptoms

- splenic irradiation → non-lasting effect on splenomegaly, palliative

- transfusions

- ESA: if low endogenous EPO levels     (symptomatic anemia)

- lenalidomide:  

- first choice for (few) MF patients with isolated 5q

- 50% RR on thrombocytopenia

- associated with corticoids

Myelofibrosis: risk adjusted treatment

2)  “conventional” therapies: supportive (not curative, no survival benefit)

T. Devos et al.  Belg J Hematology 2013; 4: 127



JAK  INHIBITORS



COMFORT-II Study Design

• randomized, open-label, multicenter phase III trial

INC424 (ruxolitinib)                     

15 or 20 mg oral BID

n = 146

Best available therapy

(BAT)                          

n = 73

Randomiz

e

Patients with 

PMF, PPV-MF, 

or PET-MF  with 

≥ 2 IPSS risk 

factors1

N = 219

2:1

Ruxolitinib Crossover and Extension 

Phase

Progression events that qualified for the crossover and extension phase:

– Splenectomy

– Progressive splenomegaly as defined by a 25% increase in spleen 
volume compared with the on-study nadir (including baseline)

NEJM 2012 +  courtesy  Harrison C.

• Primary endpoint:

Proportion of patients achieving ≥ 35% reduction 

in spleen volume from baseline (BL) at 

week 48 as measured by MRI (assessed at 

weeks 12, 24, 36 and 48)

RUXOLITINIB: first in class



Harrison et al.  NEJM 2012

COMFORT-II trial



Harrison CN et al. Leukemia 2016

➢ 26.7% of patients included in the RUX-arm and 24.4% who crossed over from

the BAT arm to receive RUX, completed 5 years of on-study treatment.

➢primary reasons for early discontinuation of RUX:  AE (24.0%) and PD (21.9%)

➢31% of evaluable JAK2 V617F-positive patients had a > 20% reduction from 

baseline in absolute allele burden at 3,6 years. No CMR.

➢some improvement of fibrosis grade but results not consistent

Exposure-adjusted rates (per 100 patient years)

of grade 3-4 adverse events



➢ ruxolitinib is recommended as first-line approach for MF-associated 

splenomegaly in patients with intermediate-2 or high-risk disease.

➢ in patients with intermediate-1 risk disease and highly symptomatic 

splenomegaly, i.e., with the presence of local symptoms, or impairment of 

food intake, first-line therapy is ruxolitinib. 

➢ in other patients with intermediate-1 risk disease, and in those with low-risk 

disease in need of therapy for MF-associated splenomegaly, hydroxyurea is 

recommended as first-line therapy.

➢ ruxolitinib is also recommended for reducing splenomegaly in patients with 

splenomegaly not responding or intolerant to hydroxyurea.

Leukemia 2018



MPN 10 SCORE

➢accurate assessment by the tools such as MPN10 should be performed

before any clinical decision regarding the use of ruxolitinib for improving

disease-associated symptoms.

➢ ruxolitinib is recommended for improving disease-related symptoms in

patients with a MPN10 score > 44 or refractory severe itching (score >

6) or unintended weight loss (>10% in the past 6 months) not attributable

to other causes or unexplained fever (strong recommendation).

Marchetti et al. Leukemia 2017



HE-BE-2100075

BID, twice daily; PLT, platelet; RDS, ruxolitinib discontinuation syndrome.

Ruxolitinib discontinuation syndrome (RDS)
real-life analysis on 251 patients

• median time to RDS 
was 7-10 d for 
mild/moderate, 2 d for 
severe 

• RUX was tapered in 
only 35% of pts, with 
very variable patterns, 
and RUX dose was ≤10 
mg BID in 70% of pts

• in multivariable Cox 
analysis, PLT <100 
x109/l & spleen ≥10 
cm at RUX stop 
correlated with higher 
probability of RDS

Palandri F, et al. Blood Cancer J. 2021;11(1):4.



• + RUX:  

➢ improving quality of life of MF patients

➢ most well-characterized long-term data and safety record amongst the

JAK-TKI

• - RUX:

➢limited disease-modifying effect, non-curative

➢even when good initial response, loss of response to RUX after 2-3 years

of therapy

➢dose-limiting cytopenias

➢high rates of discontinuation (50% at 3 years, 73% at 5 years)

▪ main reasons for discontinuation:

adverse events > PD > unsatisfactory therapeutic effect > undergoing stem cell transplant

Medical need in myelofibrosis

poor outcome after RUX failure: median survival 14-18 months in patients with suboptimal

or loss of spleen response to JAK-TKI
(Gupta et al.  JCO Oncology Practice 2020)



Proposed criteria to define ruxolitinib failure in clinical 

practice

a Requires a minimum of 12 weeks on therapy at maximally tolerated dose or at least 20 mg/day;
b Preferably captured by MPN - SAF or responses not considered acceptable by patient;
c After any duration of therapy.

MPN-SAF, myeloproliferative neoplasm symptom assessment form; NMSCC, non-melanoma squamous cell carcinoma; RBC, red blood cell.

Harrison CN, et al. Ann Hematol 2020; 99:1177–1191; Pardanani A & Tefferi A. Blood Cancer J 2014; 4:e268; speaker’s own opinion.

Primary resistancea Secondary resistanceb
Intolerancec Progressionc

• No change in spleen 

length by palpation

• No reduction in 

spleen-related 

symptoms  

• <50% reduction in 

MPN-SAF score OR 

considered to 

remain 

unacceptable 

to patient 

• Loss of initial spleen 

response and return 

to baseline 

• Loss of initial 

symptom response 

and return 

to baseline

• any unacceptable 

treatment-emergent 

toxicity, e.g . 

infection and NMSCC

• platelet count 

<35×109/L

• doubling of RBC 

transfusion rate 

after 3 months and 

requiring 2 units at 

least every 8 weeks

• Increase in blast % in 

bone marrow or 

peripheral blood 

to ≥10%

• Increase in spleen 

length by 25% from 

baseline at initiation 

of therapy

Any single criterion is sufficient

courtesy Harrison C



How can we improve JAK inhibitor results? 

• second line JAK inhibitors  (fedratinib,

momelotinib, …)

• combination trials with different targets

(RUX as backbone):

➢ increase disease modifying effect 

➢overcome the problem of resistance

• e.g. BET-inhibitor

• e.g. BCL-2 inhibitor (navitoclax) 

• others



another JAK inhibitor: FEDRATINIB

courtesy Harrison C



courtesy Harrison C



HE-BE-2100075
1L, first line; ESA, erythropoiesis-stimulating agents; IMID, immunomodulatory imide drug; pred, prednisolone;

R/R, relapsed/refractory.

management MF anno 2022 – flow chart

Asymptomatic Symptomatic

Transplant IneligibleObservation Transplant Eligible

Evaluation

Low Risk Int Risk 1 Int Risk 2 High Risk

Drug Therapy Stem Cell Transplant

ESAs, Danazol 

(IMIDs ± Prednisone)

Interferon

ruxolitinib or

study protocol combination 

therapy

Progression Progression to AML Rux intolerant/refractory Suboptimal response to Rux

2L trial, ESAs
venetoclax – azacitidine, 

supportive care - HU

fedratinib (MNP)

anemia: luspatercept

trial, other 2L trial, 

ESA’s, (IMIDs ± Pred)

rux add-on trial,   

fedratinib,

ESAs, 

(IMIDs ± Pred)

Platelets ≥50K
Platelets <50K

(+/- symptomatic anemia)
1L

R/R

inspired on NCCN guidelines 2022
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