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Prevalence of previous events and cumulative incidence 
during follow-up in MPN
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Barbui et al. Blood Cancer Journal (2018) 8:15



Updated WHO criteria for MPN
ET PV prePMF PMF

Major
criteria

 PLT ≥ 450 x 109/L
 BM biopsy with 

predominent proliferation
of megakaryocytes

 not meeting WHO criteria
for other MPN subtype

 JAK2, CALR or MPL
mutation

 Hb > 16.5 g/dL in men , 
Hb > 16.0 g/dL in women
OR
Hct > 49% in men, 
Hct >48% in women
OR
increased red cell mass

 BM biopsy showing
trilineage proliferation
(panmyelosis)

 JAK2 mutation

 BM biopsy with 
megakaryocytic
proliferation and atypia, 
without reticulin fibrosis
>grade 1

 not meeting WHO criteria
for other MPN subtype or 
MDS, or other

 JAK2, CALR or MPL
mutation or presence of 
other clonal markers* or 
absence of reactive
myelofibrosis**

 BM biopsy with 
megakaryocytic
proliferation and atypia, 
reticulin and/or collagen
fibrosis grade 2/3

 not meeting WHO criteria
for other MPN subtype or 
MDS, or other

 JAK2, CALR or MPL
mutation or presence of 
other clonal markers* or 
absence of reactive
myelofibrosis**

Minor
criteria

 presence of a clonal 
marker or absence of 
evidence for reactive THR

 subnormal serum EPO 
level

at least one of the 
following:
a. anemia 
b. leukocytosis > 11 x 109/L
c. splenomegaly
d. LDH increase

at least one of the 
following:
a. anemia 
b. leukocytosis > 11 x 109/L
c. splenomegaly
d. LDH increase
e. leukoerythroblastosis

Diagnosis all four major criteria or the 
first three major criteria and 
one of the minor criteria

all three major criteria, or the 
first two major criteria and 
the minor criterion

all three major criteria, and 
minor criteria

all three major criteria, and 
minor criteria

* in the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1) are of help 
in determining the clonal nature of the disease.  
**bone marrow fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory condition, hairy cell leukemia or other lymphoid neoplasm, metastatic
malignancy, or toxic (chronic) myelopathies. Arber et al., Blood (2016) 127:2391-2405



Update of MPN diagnostic criteria
 Essential thrombocythemia (ET)

– differentiation of "true ET" from prefibrotic/early primary myelofibrosis (prePMF)
– emphasizing the lack of reticulin fibrosis at onset

 Primary myelofibrosis (PMF)
– definition of minor clinical criteria in prePMF
– histomorphological features of prePMF

 Polycythemia vera (PV) 
– lowering of hemoglobin or hematocrit thresholds
– role of BM morphology as a major criterion

 clinical implications
 prognostic impact of molecular markers
 progression of hematological features
 myelofibrotic and leukemic transformation, survival



The current genetic landscape concerning phenotypic 
driver mutations in MPN

ET

PMF

PV
JAK2 (>95%)

JAK2 (60%)

JAK2 (60%)

~ JAK2 Exon 12 (5%)

CALR (20%-30%)

CALR (20%-25%)

MPL (5%-8%)

MPL (3%-6%)

JAK2 (V617F)
CALR Exon 9
MPL
TN
JAK2 Exon 12

Vannucchi AM, et al. CA Cancer J Clin. 2009; 59:171-91; Akada H, et al. Blood. 2010;115:3589-97; Harrison C & Vannucchi A, Blood 2016;127:276-278

??

??

'wild-type'

'triple-negative'

clonal / unknown

clonal / unknown

exclude
reactive
conditions

exclude
MDS/MPN 
or MDS

5%-10%

5%-10%

 be aware of the sensitivity and limitations of the techniques used in the 
molecular diagnosis of patients with erythrocytosis

 JAK2-negative cases by conventional mutational screening may 
harbour compound or rare mutations in exon 14 or small exon 12-
mutated clones

 investigate for mutations in genes involved in other forms of 
erythrocytosis (EPOR. VHL, PHD2, HIF2A, etc.)



WHO criteria for essential thrombocythemia (ET) 

Major criteria: 
1. Platelet count equal to or greater than 450 x 109/uL
2. Bone marrow biopsy showing proliferation mainly of the 

megakaryocyte lineage with increased numbers of enlarged, 
mature megakaryocytes with hyperlobulated nuclei. 
No significant increase or left-shift of neutrophil granulopoiesis or 
erythropoiesis and very rarely minor increase in reticulin fibers.

3. Not meeting WHO criteria for BCR-ABL1+ CML, PV, PMF, 
myelodysplastic syndromes, or other myeloid neoplasms

4. Presence of JAK2, CALR or MPL mutation

Minor criteria:
Presence of a clonal marker or absence of evidence for reactive
thrombocytosis

Diagnosis of ET requires meeting all four major criteria or the 
first three major criteria and one of the minor criteria

Arber et al., Blood (2016) 127:2391-2405
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Mutation status impacts clinical presentation of ET

Agarwal et al., Ann Hematol (2017) 96:725-732

CALR+ ET 
(n = 62)

JAK2+ ET 
(n = 43)

MPL+ ET 
(n = 9)

p - value 
(JAK2 vs CALR)

Age yrs, median (range) 52 
(17 − 91 yrs)

61 
(18 − 88 yrs)

63 
(34 − 82 yrs)

0.45

M : F ratio 1 : 2.8 1 : 1.1 1 : 3.5 0.04

Hb (g/L), 
median F 135 ± 20
median M 150 ± 20

138 
(112 − 163)

135 
(108 − 160)

135 
(120 − 150)

0.82

Leucocytes (x109/L), 
median (4.0 - 10.0)

9.3 (5.7 − 16.4) 9.8 (5.5 − 16.6) 9.0 (5 − 14.5) 0.90

Platelets (x 109/L), 
median (280 ± 130)

1280 
(565 − 2380)

760 
(450 − 1215)

990 
(580 − 1100)

0.03

No cytogenetic 
abnormality

21/21

No results 
(n = 41)

n = 16/16 

No results 
(n = 27)

n = 5/5 

No results 
(n = 4)



CALR mutated ET patients have lower rates of thrombosis

Rotunno G, et al. Blood 2014, 6;123:1552-1555 
Rumi E, et al. Blood 2014, 6;123:1544-1551

Gangat N, et al. Eur J Haematol 2015, 94:31-36
Elala et al., Am J Hematol (2016) 91:503-506

CALR mutated and ‘wild-type’ patients may be at a very low risk of thrombosis, and 
the effect of the CALR mutation may be particularly evident in younger patients

HR 95% CI

JAK2+ 1.78 1.06-3.18

MPL+ 1.65 1.70-3.92

CALR+ 0.74 0.33-1.00

P-value = 0.004
P-value adjusted for age = 0.02
P-value adjusted for thrombosis history = 0.01
P-value adjusted for age, CV risk and thrombosis history = 0.02

low risk
(CALR / WT)

high risk
(JAK2 / MPL)

CALR / WT

JAK2 / MPL



Updated WHO criteria for PMF in early stage (prePMF)

Major criteria:

1. BM biopsy with megakaryocytic proliferation and atypia, 
without reticulin fibrosis > grade 1 and accompanied by 
increased age-adjusted bone marrow cellularity, granulocytic
proliferation and often decreased erythropoiesis

2. Not meeting WHO criteria for ET, PV, BCR-ABL1+ CML, 
myelodysplastic syndromes, or other myeloid neoplasms

3. Presence of JAK2, CALR or MPL mutation or in the absence of 
these mutations,presence of an other clonal marker* or absence
of  minor reactive myelofibrosis**

* in the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying
mutations (ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1) are of help in determining the clonal nature of the 
disease.  
**bone marrow fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory condition, 
hairy cell leukemia or other lymphoid neoplasm, metastatic malignancy, or toxic (chronic) myelopathies.

Arber et al., Blood (2016) 127:2391-2405
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ET prePMF (early-prefibrotic)
 no or only slight increase in age-matched cellularity  marked increase in age-matched cellularity

 no significant increase in granulo- and 
erythropoiesis

 pronounced proliferation of granulopoiesis and 
reduction of erythroid precursors

 prominent large to giant mature megakaryocytes 
with hyperlobulated or deeply folded nuclei, 
dispersed or loosely clustered in the marrow space

 dense or loose clustering and frequent endosteal
translocation of medium sized to giant 
megakaryocytes showing hyperchromatic, 
hypolobulated, bulbous, or irregularly folded nuclei 
and an aberrant nuclear/cytoplasmic ratio

 no or very rarely minor increase in reticulin fibers  no or no significant increase in reticulin fibers



Updated WHO criteria for PMF in early stage (prePMF)

Minor criteria:

Presence of at least one of the following, 
confirmed in two consecutive determinations:

a. Anemia not attributed to a comorbid condition
b. Leukocytosis > 11 x 109/L
c. Palpable splenomegaly
d. LDH increased to above upper normal limit of 

institutional reference range

Diagnosis of prePMF requires meeting all 
three major criteria, and minor criteria. 

Arber et al., Blood (2016) 127:2391-2405

prePMF ET
Anemiaa 24.7% 0.2%

Leukocytosisb 50.6% 24.4%

LDHc 74.1% 22.7%

Splenomegalyd 44.7% 11.1%

Frequency of minor criteria 
in prePMF and ET

Jeryczynski et al., Am J Hematol (2017) 92:885-891

a hemoglobin: males ≤ 13 g/dL, females ≤ 12 g/dL
b WBC > 11 x 109/L
c increase in LDH reference value ranges between 240 
and 250 (U/L) in different institutions

d palpable splenomegaly or ≥ 12 cm in any imaging



Updated WHO criteria for PMF in early stage (prePMF)

Minor criteria:

Presence of at least one of the following, 
confirmed in two consecutive determinations:

a. Anemia not attributed to a comorbid condition
b. Leukocytosis > 11 x 109/L
c. Palpable splenomegaly
d. LDH increased to above upper normal limit of 

institutional reference range

Diagnosis of prePMF requires meeting all 
three major criteria, and minor criteria. 

Arber et al., Blood (2016) 127:2391-2405

prePMF ET
None 8.8% 52.0%

1 27.1% 33.8%

2 31.7% 12.0%

3 25.9% 2.2%

4 6.5% 0.0%

Number of presenting minor 
criteria in prePMF and ET

Jeryczynski et al., Am J Hematol (2017) 92:885-891



ET vs. prePMF: Why does it matter?

 higher JAK2 V617F allele burden
 higher numbers of circulating 

progenitor cells
 higher rate of progression to overt 

MF, greater incidence of blast 
phase, and worse survival

 more bleeding at high platelet 
counts

 increased frequency of thrombotic 
events, particularly arterial

 factors associated with thrombosis 
in prePMF:
 Presence of ≥ 1 cardiovascular risk factor
 Age > 60 yrs
 JAK2 mutation
 prior thrombosis

Kvasnicka & Thiele, Semin Thromb Hemost. 
2006;32:362-371; Barbui et al., Blood. 2010;115:778-
782; Barbui et al., J Clin Oncol. 2011;29:761-770; 
Barbui et al., Blood. 2012;120:569-571; Cervantes et 
al., Leukemia. 2006;20:55-60; Elliott et al., 
Haematologica. 2010;95:1788-1791; Finazzi et al., 
Leukemia. 2012;26:716-719; Finazzi et al., Leukemia. 
2015;29:1209-1210; Geissler et al., Am J Hematol. 
2014;89:1157-1158; Palandri et al., Leukemia. 
2015;29:1344-1349; Barbui et al., J Clin Oncol. 
2011;29:3179-3184; Guglielmelli et al., 
Blood 2017 129:3227-3236

prePMF

ET

prePMF: 3.43% 
ET: 1.29%
patients/year, P=0.01 



Updated WHO criteria for PMF in overt stage

Major criteria:

1. Presence of megakaryocytic
proliferation and atypia, usually
accompanied by either reticulin and/or 
collagen fibrosis grades 2 or 3

2. Not meeting WHO criteria for ET, PV, 
BCR-ABL1+ CML, myelodysplastic
syndromes, or other myeloid neoplasms

3. Presence of JAK2, CALR or MPL mutation
or in the absence of these
mutations,presence of an other clonal
marker* or absence of  reactive
myelofibrosis**

* in the absence of any of the 3 major clonal mutations, the search for the most
frequent accompanying mutations (ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, 
SF3B1) are of help in determining the clonal nature of the disease.  
** bone marrow fibrosis secondary to infection, autoimmune disorder or other
chronic inflammatory condition, hairy cell leukemia or other lymphoid neoplasm, 
metastatic malignancy, or toxic (chronic) myelopathies. Arber et al., Blood (2016) 127:2391-2405

Minor criteria:

Presence of at least one of the following, 
confirmed in two consecutive determinations:

a. Anemia not attributed to a comorbid
condition

b. Leukocytosis > 11 x 109/L
c. Palpable splenomegaly
d. LDH increased to above upper normal

limit of institutional reference range
e. Leukoerythroblastosis

Diagnosis of overt PMF requires meeting 
all three major criteria, and minor 
criteria. 



overt PMF (PMF-2 or 3)

 heterogeneity of morphological
presentation

 new WHO grading for collagen
deposition and osteosclerosis



Grade 0 Grade 2 Grade 3Grade 1

WHO 
grading of
collagen

WHO 
grading of
collagen

WHO 
grading of
osteoscl.

WHO 
grading of
osteoscl.



Clincal importance of prePMF
 the WHO classification emphasizes the 

prognostically relevant differentiation 
between ET and prePMF

 the significant difference in survival between 
prePMF and overt PMF is independent of 
DIPSS-plus and driver mutational status

 increased grades of fibrosis are associated 
with more pronounced disease 
manifestations, adverse mutation profile, and 
worse outcome

 these findings underscore the importance of 
accurate diagnosis of prePMF and overt PMF 
for better treatment outcomes

Guglielmelli et al., Blood 2017;129:3227-3236

Acquisition of DIPSS-Plus variables in PMF

Variables
prePMF
n (%)

overt PMF
n (%) P

Hemoglobin, <100 g/L 54 (23.1) 110 (44.4) <.0001

Leukocytes, >25 × 109/L 35 (14.3) 77 (22.4) .009

Platelets, <100 × 109/L 37 (14.9) 76 (24.6) .006

Circulating blasts, ≥1% 56 (23.4) 117 (40.9) <.0001

Constitutional symptoms 21 (14.6) 42 (22.1) .049

Transfusion dependency 52 (20.2) 139 (38.6) <.0001

DIPSS

Low 79 (28.6) 26 (6.8)

Intermediate-1 102 (37.0) 91 (23.8)

Intermediate-2 67 (24.3) 179 (46.9)

High 28 (10.1) 86 (22.5) <.0001

overt PMFprePMF



Survival in PMF stratified by mutational status

Tefferi et al., Blood, 2014, 124, 2465-2466
Tefferi et al., Blood, 2014, 124, 2507-2513

Tefferi et al., Abstract #2801, ASH 2015
Kourie et al., Br J Haematol. 2016; DOI: 10.1111/bjh.14259

Rumi & Cazzola, Blood, 2017, 129:680-692
Guglielmelli et al., Blood 2017;129:3227-3236

CALR type 1: 52-bp deletion (CALRdel52)
CALR type 2: 5-bp insertion (CALRins5)

 CALR-mutant PMF has relatively better clinical outcome 
 triple-negative PMF has a high risk of leukemic evolution
 in triple-negative cases presenting with prominent myelodysplastic 

features the diagnosis of MDS/MPN-U is more appropriate

overt PMFprePMF



Exclude MDS/MPN in triple-negative cases
Morphology Cytogenetics Mutations
MDS/MPN-RS-T +8

-20q
TET2 (9-25%)
ASXL1 (10%)
SF3B1 (80%)
JAK2 (60-80%)
MPL (1-3%)

CMML +8
-7/del7q
12p 
-Y

ASXL1 (40%)
TET2 (58%)
SRSF2 (46%)
NRAS / KRAS (35%)
RUNX1 (40%)
CBL (15%)
U2AF1 (13%)

aCML +8
del(20q)

NRAS / KRAS (~35%)
TET2 (35%)
CBL (10%)
JAK2 (0-19%)
SETBP1 (25%)

≥15% ring sideroblasts required even
if SF3B1 mutation is detected
diagnosis of MDS/MPN-RS-T is strongly
supported by the presence of SF3B1
mutation together with a mutation in JAK2
V617F, CALR or MPL genes

 mutation profile (SRSF2/TET2/ASXL1) 
helpful in supporting diagnosis and 
providing prognosis 

 cases with NPM1 mutation or 11q23 
rearrangement should be followed 
carefully for AML

 CMML-0,-1,-2; CMML MDS and MP 
subtypes

 integration of NGS: SETBP1, CSF3R,  
ETNK1 

 CNL: common co-mutation 
CSF3R/SETBP1



Somatic mutations in non-MPN driver genes impact 
prognosis in PMF

 ~70% of MF patients present with at least one 
additional somatic mutation

 ~20% of MF patients have 2 or more adverse 
mutations

Vannucchi A, et al. CA Cancer J Clin. 2009;59:171-191; Vannucchi et al., Leukemia, 2013, 27:1861–1869; Vannucchi et al., 
Leukemia, 2013, 27:1861–1869; Guglielmelli et al., Leukemia, 2014, 28:1804-1810; Tefferi et al., Blood Advances, 2016, 1:105-111; 
Guglielmelli et al., Blood 2017;129:3227-3236

overt PMF

prePMF

prePMF overt PMF P

Mutation (%)

ASXL1 18.0% 33.7% <.0001

EZH2 3.6% 12.0% <.0001

SRSF2 9.0% 10.7% .28

IDH1/2 2.2% 3.4% .24

HMR (%)

=1 27.0% 44.4% <.0001

≥2 5.4% 13.6% <.0001



Clinical impact of BM fibrosis 
in PMF
 grading of MF is not only important to 

diagnose MPN, but also to guide 
treatment decisions and stratify patients 
in clinical trials

 recent data suggest that degree of BM 
fibrosis is an independent prognostic
factor in PMF in multivariate analysis

 impact of BM fibrosis is significant in low 
and int-1 risk categories

 no correlation between fibrosis grade 
and phenotypic driver mutations

 frequency of HMR is increasing 
progressively with grade of fibrosis

 significant association between grade of 
fibrosis and ASXL1 and EZH2

Kvasnicka & Thiele, Semin Thromb Hemost, 2006, 32, 219-230
Thiele J, Kvasnicka HM, et al. Histopathology. 2003;43:470-479
Guglielmelli, et al. Am J Hematol. 2016;91:918-922



Updated WHO criteria for Polycythemia vera (PV)

Major criteria:

1. Hb > 16.5 g/dL in men , Hb > 16.0 g/dL in 
women OR,
Hct > 49% in men, Hct >48% in women
OR,
Increased red cell mass

2. Bone marrow biopsy showing hypercellularity
for age with trilineage growth (panmyelosis) 
including prominent erythroid, granulocytic and 
megakaryocytic proliferation with pleomorphic
megakaryocytes (differences in size)

3. Presence of JAK2 mutation

Minor criterion:
Subnormal serum EPO level

Arber et al., Blood (2016) 127:2391-2405

Diagnosis of PV requires meeting either all three major 
criteria, or the first two major criteria and the minor criterion
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Updated WHO 2016 criteria for PV

 in cases with sustained absolute
erythrocytosis (Hb levels >18.5 g/dL, 
Hct >55.5 % in men or >16.5g/dL, 
49.5% in women, BM biopsy may not 
be necessary for diagnosis if major 
criterion 3 and the minor criterion are 
present

 however, only by performing a BM biopsy 
an initial myelofibrosis (up to 20%) 
may be detected that indicates a more 
rapid progression to overt myelofibrosis 
(post-PV MF)

Progression to overt MF (post-PV MF)

Grade at 
diagnosis

Incidence
per 100 
pts./yrs.

cumulative incidence
5 yrs. 10 yrs. 15 yrs.

MF-0 0.8 1.3 6.9 15.4
≥ MF-1 2.2 7.8 22.0 20.1

Barbui et al. Blood, 2012, 119:2239-2241
Barraco et al., Blood Cancer J (2017) 7:e538

PV, MF-0 PV, MF-1



JAK2-mutated ET does not transform to PV when 
diagnosed according to WHO

Kvasnicka HM & Thiele J, Am J Hematol, 2010, 85:62-99
Barbui et al., Leukemia, 2015, 29:992-993

Kvasnicka et al., Am J Hematol  2017, 92:1062-1067

ET JAK2+ ET wt

1%

<3%

[n=268] [n=422]



Clinical importance of early (pre-polycythemic) PV

 patients (< 40 years) with early PV have a 
high incidence of thrombosis

 might be associated with less aggressive 
treatment

 less frequent use of phlebotomies and 
cytoreduction in early PV 

 identification of early PV in young 
JAK2-mutated patients is important 
in order to reduce risk and optimize 
treatment
Incidence of
Thrombosis ET JAK2+ early PV overt PV
IR % pts/yr 1.36

(0.99 - 1.88)
3.01 
(1.75 - 5.18)

1.99 
(1.22 - 3.25)

risk at 5 years 0.06 
(0.04 - 0.09)

0.11 
(0.04 - 0.24)

0.08 
(0.03 - 0.16)

risk at 10 
years

0.15 
(0.11 - 0.21)

0.28 
(0.16 - 0.47)

0.23 
(0.14 - 0.37)

Lussana F, et al. BJH 2014, 167:541-546



Diagnostic criteria for post-PV MF

mandatory criteria*

1. Previous diagnosis of PV
2. BM fibrosis (≥ MF-2)

additional criteria**

1. Anemia$

2. Leukoerythroblastosis
3. ≥5cm increase of palpable 

spleen or new splenomegaly
4. ≥1 constitutional symptom

* both criteria required
** ≥2 additional criteria required

$ sustained loss of requirement of cytoreductive 
treatment or phlebotomies 

Barosi et al., Leukemia 22, 438-39, 2008



Summary and Conclusion

Integrating molecular advances 
has been challenging.… 

 in ET differentiation from prePMF is underscored by 
standardization of BM features and by the lack of reticulin 
fibrosis (< 5%) at onset 

 in prePMF minor clinical criteria are more clearly defined

 number of somatically acquired mutations impacts 
prognosis in PMF

 in PV morphology of the BM is up-graded to a major 
criterion and the diagnostic thresholds for Hb and Hct were 
lowered

 disease progression in PV is heterogeneous and 
significantly associated with HU resistance

 in addition to clinical data and mutation profile, BM findings 
will be maintained as major diagnostic criteria
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molecular genetics

Case Submission Deadline: 
January 15, 2019
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