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Entstehung der Myelofibrose:
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Danish patients with PV (Chievitz & Thiede, 1962). In those

who had no treatment, including no venesection, only 50%

survived at 18 months from first presentation and the main

cause of death was thrombosis (Chievitz & Thiede, 1962).

However, in those who survive longer, transformation to

myelofibrosis and acute leukaemia are life-limiting events

(Kiladjian et al, 2011).

In treating PV, our aim is to reduce complications and

thus improve survival. Thromboembolic events are the major

cause of morbidity and mortality; consequently, their preven-

tion is the main aim of any treatment strategy. A difficulty

in assessing the ability of novel therapies to address this is

the lack of an appropriate surrogate endpoint for the mea-

surement of prevention of thromboembolic complications

and the low prevalence of these complications in patients

treated with current therapies. However we would wish to

emphasize that rates of thromboembolic events remain

higher than the normal population and are an appropriate

target. Prevention of progression to myelofibrosis or acute

leukaemia, and avoiding administration of any treatment that

would increase disease-related tendency to progression would

also be desirable. Fulfilment of these aims is presently an

aspiration, as it would require treatments with demonstrated

ability to prevent progression and no such therapies have as

yet been discovered. Nonetheless, it remains a valuable aspi-

ration when evaluating novel therapies, as these targets are

valid and worthy of perusal.

While the main aim of therapy in PV is directed at the

prevention of thromboembolic events, in the past decade

there has been an increasing appreciation of the additional

individual and societal burdens associated with impaired

quality of life in PV patients, manifest not only by sequelae

of thrombotic events but also by disease-related symptoms.

Large studies have demonstrated a high prevalence of symp-

toms and impaired quality of life in specific patient cohorts.

These studies have also established and validated tools for

the quantitation of such effects (Geyer & Mesa, 2014; Scher-

ber et al, 2014). To what extent these symptoms will respond

to standard therapies and differ from symptoms reported by

case-matched controls remains to be assessed formally and is

important for the field. Nonetheless, it is clear that some

patients have a high burden of symptoms (often pruritus)

that are clearly related to disease and not ameliorated by

standard treatments. These issues have been brought more

into focus by the development of JAK inhibitors, one benefit

of which appears to be to successful control of disease-related

symptoms. This is discussed in more detail below but the rel-

evance of symptom control as an aim of therapy merits its

inclusion as a separate item for consideration here.

Risk groups: what is high-risk PV?

Treatment aimed at the prevention of thromboembolic

events can involve measures such as venesection to a target

Hct of 0!45 (rarely, lower targets are used in symptomatic

Table II. Criteria for the diagnosis of post-polycythaemia vera
myelofibrosis (PPV-MF) (Barosi et al, 2008a,b).

Major criteria – both required
1 Documentation of a previous diagnosis of polycythaemia vera

as defined by the World Health Organization criteria
2 Bone marrow fibrosis grade 2–3 (on 0–3 scale) or grade 3–4

(on 0–4 scale)

Minor criteria – at least two required
1 Anaemia or sustained loss of requirement of either phlebotomy

(in the absence of cytoreductive therapy) or cytoreductive
treatment for erythrocytosis

2 A leukoerythroblastic peripheral blood picture
3 Increasing splenomegaly, defined as either an increase in

palpable splenomegaly of ≥5 cm (distance of the tip of the
spleen from the left costal margin) or the appearance of a

newly palpable splenomegaly
4 Development of ≥1 of three constitutional symptoms: >10%

weight loss in 6 months, night sweats, unexplained fever
(>37!5°C)

(A)

(B)

Fig 4. (A) Post-polycythaemia vera myelofibrosis (PPV-MF).
A patient with longstanding polycythaemia vera, now thrombocy-
topenic, unresponsive to hydroxycarbamide and anagrelide. Biopsy is
hypercellular with obvious collagen fibrosis. At this stage the histo-
logical picture is indistinguishable from primary myelofibrosis. H&E
stain; original magnification 920. (B) PPV-MF. Gomori reticulin
stain to accompany H&E shown in panel A; original magnification
920.
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Fig 4. (A) Post-polycythaemia vera myelofibrosis (PPV-MF).
A patient with longstanding polycythaemia vera, now thrombocy-
topenic, unresponsive to hydroxycarbamide and anagrelide. Biopsy is
hypercellular with obvious collagen fibrosis. At this stage the histo-
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represent three new major criteria; (i) Hb >165 g/l in males

or >160 g/l in females (or Hct >0!49 in males or >0!48 in

females), (ii) trilineage myeloproliferation with pleomorphic

megakaryocytes and (iii) presence of a JAK2 mutation. A

suboptimal erythropoetin level would constitute a new minor

criterion. All three major criteria, or the first two major cri-

teria plus the minor criterion (Table I) are required for diag-

nosis. Application of these criteria will create the possibility

of a PV diagnosis for individuals with Hb well within the

normal range (Barbui et al, 2014c). They will also mandate

bone marrow examination for diagnosis in all patients,

regardless of whether or not clonal disease is shown to be

present. Our opinion is that these criteria are problematic

and that a more practical approach to this dilemma might

be to emphasize the need to exclude PV carefully in patients

for whom a diagnosis of ET is being considered. The revised,

more stringent Hb/Hct thresholds may be useful to trigger a

more critical consideration of possible PV in this specific sit-

uation. Residual challenges would be the need for a high

standard of diagnostic acumen to discriminate these condi-

tions through their histological characteristics, and/or the

availability of RCM measurement to document an absolute

erythocytosis.

Diagnosing transformation to post-PV myelofibrosis

Transformation to PPV-MF occurs in approximately 25% of

patients with PV over time and, given the reduced life expec-

tancy for patients in whom this occurs, consideration of

curative treatment with allogeneic stem cell transplantation

and the utility of therapies such a JAK inhibitors (Cervantes,

2014) make this diagnosis important to establish appropri-

ately. Current criteria for PPV-MF were developed in by Bar-

osi et al (2008a,b), as shown in Table II. In some

circumstances, application of these criteria can be challenging

because key features may develop slowly. In particular, the

requirement for a relatively high degree of reticulin fibrosis

(at least grade 2 on a 3-point scale, such as that of the

WHO, and grade 3 on a 4-point scale, such as Bauermeister)

can exclude some patients who might benefit in some cir-

cumstances from specific interventions in a variety of clinical

trials (Gowin et al, 2015). Figure 4A, B illustrates trephine

biopsy features in PPV-MF.

Aims of treatment in PV

The natural history of PV is long, with survival usually less

than, but comparable to, the general population (Hultcrantz

et al, 2012; Tefferi et al, 2013). However, in patients with

PV, events may occur that cause morbidity and limit life

expectancy. This is well demonstrated in a historic retrospec-

tive study in which survival was investigated in a group of

(A)

(B)

Fig 2. (A) Typical polycythaemia vera histology with panmyelosis
and pleomorphic, clustered megakayrocytes. Haematoxylin and Eosin
(H&E) stain; original magnification 940. (B) Borderline increase in
reticulin fibres (World Health Organization fibrosis score 0–1)
accompanying panmyelosis. Gomori silver stain for reticulin; original
magnification 940.

Fig 3. ‘Masked PV’. A 56-year-old female with a 4-year history of
thrombocytosis. Previous bone marrow trephine samples reported as
‘essential thrombocythaemia-like’ at initial presentation, with lower
cellularity but noted pleomorphism among megakaryocytes. This
sample is hypercellular due to panmyelosis, with marked pleomor-
phism and clustering of prominent megakaryocytes. H&E stain; orig-
inal magnification 920.
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Symptome und Beschwerden bei der Myelofibrose

Myeloproliferative neoplasms:
Progressive marrow fibrosis and extramedullary hematopoiesis

A. Wacker 2014

Myeloproliferative Neoplasien

Early 
satiety

Abdominal 
discomfort

Pain under 
ribs left side

Fever

Pruritus

Spleen 
enlargement

Bone/muscle 
pain

Night 
sweats

• Thromboembolism and bleeding

• Secondary AML

Extramedulläre Blutbildung

Milzvergrösserung

Allgemein-Beschwerden

Bauchbeschwerden

Frühes 
Sättigungsgefühl

Gewichtsabnahme

Fieber

Muskelschmerzen

Knochenschmerzen

Erschöpfung

Komplikationen:
Thrombose, Blutung

Uebergang in eine akute Leukämie

Fatigue



Entstehung der Myelofibrose:
Aus einer vorbestehenden PV / ET oder direkt (primär)

Post-PV Myelofibrose

(PPV-MF)

Polycythämia vera

(PV)

Post-ET Myelofibrose

(PET-MF)

Essentielle Thrombozythämie

(ET)



Entwicklung der PV / ET zur Myelofibrose

Zu viel Blut

Zu wenig Blut

PV
ET

Post-PV Myelofibrose
Post-ET Myelofibrose
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Post-PV Myelofibrose

(PPV-MF)

Polycythämia vera

(PV)

Post-ET Myelofibrose

(PET-MF)

Essentielle Thrombozythämie

(ET)

Primäre Myelofibrose
(PMF)

Keine MPN vorher

Entstehung der Myelofibrose:
Aus einer vorbestehenden PV / ET oder direct (primär)



Gen-Mutationen als Treiber der MPN-Entwicklung

Szybinski J, Meyer SC. HemOnc Clinics 2021

activation of JAK2-STAT signaling has been revealed as a common characteristic of
MPN owing to somatic mutations in the tyrosine kinase JAK2, the chaperone protein
calreticulin (CALR) or the thrombopoietin receptor MPL in the majority of patients2

(Fig. 1). In addition, the advent of modern sequencing technologies has enabled
detailed investigation of the genomic landscape of MPN. A set of additional mutations
frequently seen also in other myeloid malignancies, often co-occurs contributing to the
clinical phenotype, disease dynamics, and overall outcome3 (Fig. 2). In this review, we
provide an overview of the genetics in MPN, which by now provides us with helpful
diagnostic biomarkers4 and contributes to refined prognostication of several MPN
subsets.5,6 Importantly, the extensive characterization of the genetic basis has
revealed several promising candidates, which could serve as targets for novel,
mechanism-based therapeutic approaches, which represents a current need of pa-
tients with MPN.

SOMATIC DRIVER MUTATIONS MEDIATING CONSTITUTIVE JAK2-STAT ACTIVATION

The discovery of the JAK2 V617F mutation in 2005 by several groups using different
methodologies was a breakthrough for the field and initiated the era of genetic char-
acterization of MPN, which has progressed at a rapid pace.7–10 A somatic JAK2 V617F

Fig. 1. Somatic driver mutations in MPN activating JAK2-STAT signaling. (A) Approximate
frequencies of JAK2 V617F, JAK2 exon 12, CALR and MPL mutations in PV, ET, and PMF.
JAK2/CALR/MPL unmutated cases are referred to as triple negative MPN. (B) JAK2 V617F mu-
tations occur in association with EPOR and MPL in all MPN subtypes including PV, ET, and
PMF. JAK2 exon 12 mutations exclusively occur in association with EPOR in PV. CALR muta-
tions locate to exon 9 and occur in ET and PMF. MPL mutations are in exon 10 with missense
mutations affecting mostly residue W515 and occur in ET and PMF. Somatic driver mutations
in JAK2, CALR, and MPL converge on constitutively activated JAK2-STAT signaling. EPOR,
erythropoietin receptor; ER, endoplasmic reticulum; MPL, thrombopoietin receptor.
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course is analogous to JAK2V617F mutant PV [36]. 
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involved in calcium homeostasis and protein folding. Mutations of the calreticulin gene 
are detected in 30–40% of ET and PMF patients [10,11]. They were first identified in 2013 
with a 52bp deletion (type 1 mutation) or 5bp insertion (type 2 mutation) in exon 9 of 
CALR being most prevalent, while more than 35 mutations were described overall. It has 
been shown that the various CALR mutations all result in one-base pair frameshift leading 
to a novel C-terminus of the protein. Mutant CALR induces aberrant activation of MPL 
by binding to the receptor both in the ER and on the cell surface [37–39]. Of note, CALR 
mutations associate with a favorable prognosis and a lower risk for leukemic 
transformation compared to JAK2V617F mutated MPN, which impacts on therapeutic 
management [40–42]. 

MPL gene mutations affecting the thrombopoietin receptor MPL are less frequent, 
and account for only 5–8% of ET and PMF patients. The most common mutation at 
position 515 is located in the juxtamembrane protein region and induces constitutive 
activation of MPL and, consecutively, JAK2 signaling [8]. Several missense mutations, 
including W515L and W515K, and, rarely, other mutations have also been reported and 
analogously induce MPL activation [9]. Thus, it has become clear that driver mutations in 
JAK2, CALR, and MPL converge on the activation of JAK2 signaling as a common feature 
[43]. 

 

 

 
Figure 1. Identification of driver mutations and additional somatic mutations in myeloproliferative 
neoplasms by modern sequencing technologies. The advent of modern sequencing technologies 
over the last two decades has led to the characterization of the genetic landscape in 
myeloproliferative neoplasms (MPN), including driver mutations (*) in JAK2, MPL, and CALR 
genes as well as concomitant somatic mutations in cancer genes frequently mutated in myeloid 
malignancies. Mutations in the genes highlighted in bold are considered of “high molecular risk” 
(HMR) given their adverse prognostic impact. The year of discovery of specific mutations is 
indicated as well as the development of sequencing methodologies over time. 

2.2. Triple-Negative MPN 
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Figure 1. Identification of driver mutations and additional somatic mutations in myeloproliferative
neoplasms by modern sequencing technologies. The advent of modern sequencing technologies over
the last two decades has led to the characterization of the genetic landscape in myeloproliferative
neoplasms (MPN), including driver mutations (*) in JAK2, MPL, and CALR genes as well as con-
comitant somatic mutations in cancer genes frequently mutated in myeloid malignancies. Mutations
in the genes highlighted in bold are considered of “high molecular risk” (HMR) given their adverse
prognostic impact. The year of discovery of specific mutations is indicated as well as the development
of sequencing methodologies over time.

Calreticulin (CALR) is a chaperone protein in the endoplasmic reticulum (ER) involved
in calcium homeostasis and protein folding. Mutations of the calreticulin gene are detected
in 30–40% of ET and PMF patients [10,11]. They were first identified in 2013 with a 52 bp
deletion (type 1 mutation) or 5 bp insertion (type 2 mutation) in exon 9 of CALR being most
prevalent, while more than 35 mutations were described overall. It has been shown that the
various CALR mutations all result in one-base pair frameshift leading to a novel C-terminus
of the protein. Mutant CALR induces aberrant activation of MPL by binding to the receptor
both in the ER and on the cell surface [37–39]. Of note, CALR mutations associate with
a favorable prognosis and a lower risk for leukemic transformation compared to JAK2V617F
mutated MPN, which impacts on therapeutic management [40–42].

MPL gene mutations affecting the thrombopoietin receptor MPL are less frequent, and
account for only 5–8% of ET and PMF patients. The most common mutation at position
515 is located in the juxtamembrane protein region and induces constitutive activation of
MPL and, consecutively, JAK2 signaling [8]. Several missense mutations, including W515L
and W515K, and, rarely, other mutations have also been reported and analogously induce
MPL activation [9]. Thus, it has become clear that driver mutations in JAK2, CALR, and
MPL converge on the activation of JAK2 signaling as a common feature [43].

2.2. Triple-Negative MPN
For 10–15% of PMF and ET patients, neither JAK2V617F nor a CALR or MPL driver

mutation are identified. These patients, who are termed “triple-negative” driver mutations,
may be found later in the clinical course or upon genetic testing with higher sensitivity.
Non-canonical mutations in JAK2 (e.g., V625F, F556V, R683G, and E627A) or MPL (e.g.,
S505N, S204P, T119I, and Y591D/N) were found in some triple-negative patients and
shown to result in constitutive activation of the JAK-STAT signaling [44–46]. Some of
these mutations are germline rather than somatically acquired genetic alterations, therefore
representing a familial, non-clonal erythrocytosis or thrombocytosis. In the remaining
proportion of ET and PMF patients, a driver mutation cannot be identified, suggesting an
unknown genetic alteration underlying MPN pathogenesis or that they might not actually
have a malignancy.

2.3. Concomitant Gene Mutations in Myeloid Cancer Genes
The advent of modern sequencing technologies including next generation sequencing

(NGS) has enabled a detailed characterization of the genetic/genomic landscape of MPN
in recent years. These comprehensive investigations of genetic alterations underlying MPN
have revealed that additional somatic mutations co-occur with the driver mutations in
JAK2, CALR, and MPL genes in more than half of MPN patients [11,33,44]. They mostly

Stivala S, Meyer SC, Cancers 2021
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Behandlung der Myelofibrose: Zielgerichtete Therapie
mit modernen JAK2 Hemmern
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Ruxolitinib: JAK1/JAK2 Hemmer (zugelassen in der CH seit 2013)

Leroy et al, Leukemia 2017 Verstovsek et al, NEJM 2012; Harrison et al, NEJM 2012 COMFORT

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 366;9 nejm.org march 1, 2012804

Overall Survival
For the secondary end point of overall survival, at 
the time of data cutoff, 10 deaths were reported 
in the ruxolitinib group (6.5%) as compared with 

14 deaths in the placebo group (9.1%) (hazard ratio, 
0.67; 95% CI, 0.30 to 1.50; P = 0.33). Subsequently, a 
survival analysis based on a planned data cutoff 
with 4 additional months of follow-up (median 
follow-up, 51 weeks) revealed a significant survival 
advantage for patients who received ruxolitinib, 
with 13 deaths in the ruxolitinib group (8.4%) and 
24 deaths in the placebo group (15.6%) (hazard 
ratio, 0.50; 95% CI, 0.25 to 0.98; P = 0.04) (Fig. 3).

Safety
A total of 155 patients in the ruxolitinib group and 
151 in the placebo group received at least one 
dose of the study medication and were included 
in the analysis of safety. The number of patient-
years of exposure was 105 in the ruxolitinib group 
and 87 in the placebo group; study discontinuation 
and crossover to ruxolitinib accounted for lower 
exposure in the placebo group. Seventeen patients 
who received ruxolitinib (11.0%) and 16 patients 
who received placebo (10.6%) discontinued the 
study treatment because of adverse events (of any 
grade). Twenty deaths occurred during the study or 
within 28 days after the last dose was administered 
(9 deaths in the ruxolitinib group and 11 deaths in 
the placebo group, including 1 death after cross-
over) (see the Supplementary Appendix for more 
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Figure 2. Change in Symptom Scores.

Panel A shows the results of an intention-to-treat analysis 
of the proportion of patients with at least a 50% reduction 
in the total symptom score over time (each value plotted 
represents the moving average for the previous 7 days). 
Patients who discontinued the study drug or for whom 
data were missing were considered not to have had a re-
sponse. The majority of responses occurred rapidly, with-
in the first 4 weeks after treatment. Only patients with 
baseline data were included in this analysis. Panel B 
shows the percent change from baseline in the total 
symptom score at week 24 (in 129 patients in the ruxoli-
tinib group and 103 patients in the placebo group) and  
at the last evaluation during receipt of the randomly as-
signed study drug (in 16 patients in the ruxolitinib group 
and 42 patients in the placebo group). Five patients with 
a baseline score of 0, 8 patients with missing baseline val-
ues, and 6 patients with insufficient data after baseline 
are not included. Whereas most patients who received 
ruxolitinib had a reduction in the total symptom score, 
the majority of patients who received placebo had a wors-
ening of symptoms (worsening in the total symptom 
score of ≥150% is shown as 150%). Panel C shows the 
mean percent change in the score for each symptom in 
the modified Myelofibrosis Symptom Assessment Form, 
version 2.0. All symptoms improved in the ruxolitinib 
group and worsened in the placebo group (P<0.01 for all 
comparisons with placebo). T bars denote standard errors.
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Oft in Kombination mit Erythropoiese-stimulierender
Medikation (Erythropoietin)



Fedratinib: JAK2 Hemmer in 2. Therapielinie 
(Zulassung in der CH 2021)

Harrison CN, Am J Hematol. 2020
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Momelotinib:  JAK1/JAK2 Hemmer (Zulassung in der CH 2024)
Momelotinib:
Differentiated Heme Profile Allows High Dose Intensity
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Perspektiven der zielgerichteten Behandlung der Myelofibrose:
Neue JAK2 Hemmer & Kombinations-Therapien

JAK2 Hemmer Typ II JAK2 Hemmer
Blockade von inaktiver JAK2  

Klinische
Anwendung

Klinische Studien

Selektive JAK2 Hemmer
Hemmung der Genmutation

• Ruxolitinib
• Fedratinib
• Momelotinib
• Pacritinib

Kombination JAK2 Hemmer + pegyliertes Interferon alpha
Kombination JAK2 Hemmer + neuen zielgerichteten Therapien

Meyer SC et al, Cancer Cell 2015; Wu S et al, Cancer Cell 2015; Arwood ML et al, Cell Chem Biol 2023; 
Rai S et al, Blood Suppl 2023; Stubbs MC et al, Blood 2023
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Behandlungen der Myelofibrose mit kurativem Potential
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Behandlungen der Myelofibrose mit kurativem Potential: 
pegyliertes Interferon alpha

Abu-Zeinah et al, Leukemia 2021

Reduktion Fibrose-Entwicklung

Ianotto et al, Haematologica 2018

Reduktion Anteil Myelofibrose im Knochenmark



Behandlungen der Myelofibrose mit kurativem Potential: 
Allogene hämatopoietische Stammzelltransplantation

Konditionierung:
Vorbereitende Chemotherapie

Allogene Transplantation:
Infusion von blutbildenden 

Stammzellen eines Spenders



Behandlungen der Myelofibrose mit kurativem Potential: 
Allogene hämatopoietische Stammzelltransplantation

Kriterien:
• DIPSS-plus intermediate-2 oder high risk

• DIPSS-plus intermediate-1 falls 
- Transfusionsabhängigkeit
- ungünstige Zytogenetik
- keine JAK2, CALR, MPL Gen-Mutation
- ASXL1 Mutation vorhanden

• MIPSS70 or MIPSS70-plus high risk

Kröger NM et al, Lancet Haematol 2023; Kröger NM et al, Leukemia 2015; Guglielmelli P et al, JCO 2017



Allogene Stammzelltransplantation für Myelofibrose: 
Verbesserte Verfügbarkeit und Verträglichkeit
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DD ET vs. präfibrotische PMF oft schwierig, aber prognostisch relevant

Thiele et al, Blood 2011

4-graded scale36 and even new bone formation (osteosclerosis)
were found.4 These unusual features, obviously present also in
the BM trephines of ET patients enrolled in the UK-PT1 trial,33

were reiterated in a recent paper reporting that approximately
60% of the patients showed an increased BM fibrosis at disease
onset, including more than 20% with moderate to overt myelofi-
brosis.5 According to a number of experts, ET patients present
rarely with minimal to mild reticulin fibrosis but no collagen
and, contrasting PMF, progression into overt myelofibrosis is a
rather rare event occurring after many years.10-13,18,19,32,37,38 For
this reason, it should be discussed that a considerable number of
cases reported in all 3 papers, including overlapping cohorts of
patients,4,5,33 are more probably consistent with thrombocythe-
mic manifestations of PMF.39 In a recently published paper,
2 pathologists tried to reproduce the WHO diagnostic criteria16

on 127 BM biopsy specimens with ET according to Polycythe-
mia Vera Study Group,35 resulting in a discordance of 35%.40

The overall conclusion of these authors that a discrimination
between ET and early-prefibrotic PMF is impaired by subjectiv-
ity and of questionable clinical relevance has to be refuted
considering a number of inconsistencies characterizing this
study. Among others, these include the selection of the BM
samples up to 3 years after clinical diagnosis (pretreatment
unknown) and particularly the conspicuous finding that 54% of
the ET patients showed a minor to moderate reticulin BM
fibrosis. The latter feature is a very rare event when following
strictly the WHO classification.1,39 Moreover, statistical analysis
of morphologic features (scoring system) and clinical data
including outcome did not take the significant disparity in the
number of cases in both groups (ET 102 patients vs PMF 18
patients) into account. For this reason, no convincing evidence
has been produced by the authors to discredit the validity of the
WHO morphologic criteria.

An accurate distinction between ET and early PMF with
excess in platelets (false ET) is not a matter of semantics but
may exert an influence on decisions for therapeutic strategies
and, most important, complications and outcome. Concerning
prognostic differences under standard therapy, former studies
from Cologne14,15 demonstrated a significant worsening of
survival in early PMF contrasting ET diagnosed according to the
WHO criteria.1,16 This result is confirmed and extended by this
study, and it cannot be overemphasized that in this regard

comparative data from the Vienna cohort of patients are
matching with the large historical series of Cologne character-
ized by a very long follow-up. All this provides persuasive
evidence that strict adherence to the WHO-defined ET diagno-
sis, survival appears to be significantly more favorable than
previously reported.32,41-43 In this regard, it may be speculated
that these striking features have been partially and involuntarily
unveiled in an indirect fashion by the already discussed paper on
“reticulin” (ie, correct reticulin and/or collagen) accumulation
in so-called ET regarding laboratory data as well as complica-
tions but especially prognostic significance.5 After statistical
analysis, patients presenting with moderate to overt BM fibrosis
(fiber grades 3 to 4)36 at onset. This finding is comparable with
survival data describing prognosis in early-prefibrotic versus
fibro-osteosclerotic stages of PMF.14,15,19,30

In conclusion, an independently and blindly performed
evaluation of BM specimens by 2 groups of pathologists has
validated the reproducibility of morphologic parameters pro-
posed by the WHO in the setting of MPN classification,
particularly concerning ET versus early-stage PMF. As has been
explicitly required, by regarding clinical data always in context
with BM morphology a very high level of consensus was
achieved. A comparison between clinical data and survival
analysis, including a large historical series of patients derived
from Cologne with the present cohort from Vienna revealed a
striking congruence. Consequently, our findings highlight the
clinical characteristics of the 2 distinctive entities ET and
early-prefibrotic PMF.
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appearance concerning their histopathologic features were listed
as ET/PV. There was only a small number of patients with
morphologic diagnoses other than ET or early PMF (Table 2) in
this primarily clinically generated series. A more detailed
analysis of the discrepant cases showed some difficulties
concerning the histologic distinction between the main MPN
entities versus the 32 discordant cases of MPN-U from the
Vienna group (Table 2). On the other hand, the consensus
conference between the involved pathologists in Vienna, includ-
ing particularly a critical discussion of these specimens at a
multiheaded microscope, resulted in a specification of these
MPN-U entities in 23 patients (mostly ET/PV, PV, and unclassi-
fiable cases). However, there were still 9 cases left where no
final agreement on morphology could be reached. Altogether, by
following this procedure, an overall histopathologic concor-
dance of 97% was achieved. The final clinicopathologic consen-
sus meeting was strictly focused on a scrutinized review of

clinical records and a comparison with the independently
established morphologic diagnosis. Regarding explicitly the
subset of cases in which a morphologic consensus was noted, the
overall agreement with the final clinical diagnosis was 82% in
the total cohort (including particularly the MPN-U and ET/PV
cases) and 93% concerning the crucial differentiation between
ET and early PMF. The overall agreement between morphologic
and clinical diagnosis was found to be ! " 0.740 (P # .001),
95% confidence interval (0.658-0.822), again consistent with a
substantial agreement.

In the course of this clinicopathologic review, we had to exclude
76 patients from the original series of 295 cases. A variety of
reasons were responsible for this exclusion from further clinical
investigation in these MPN patients: a histologic diagnosis other
than ET, early-prefibrotic PMF, or ET/PV (18 patients); no
consensus either on morphologic diagnosis between the panelists
(9 patients) or a discordance between clinical and morphologic
diagnosis regarding ET versus early PMF (15 patients); a history of
short-term therapy (except aspirin derivates) before BM biopsy
found on critical reevaluation of the original clinical records
(4 patients); and finally, patients missing one of the clinical
parameters listed in the tables (8 patients) or incomplete data
strictly at time of biopsy without any compromise (15 patients) or
during follow-up (7 patients). According to this very restrictive
procedure, 207 patients representing the main disease entities under
consideration (ET and early PMF) were eligible for further clinical
workup. Clinical data of both cohorts are detailed in Tables 3 and 4.
Moreover, differences in some of the presenting hematologic
findings between ET and early PMF patients are listed in Table 5.

The additional small group of 12 patients with overlapping
morphologic as well as clinical features of ET/PV displayed a

Table 2. Results of the blinded and independently performed
evaluation of 295 bone marrow biopsies according to WHO criteria
by a panel of pathologists from Vienna and Cologne

Vienna Cologne Concordance

ET 160 179 144

ET/PV 2 8 2

PV 1 2 1

Early PMF (prodromal) 87 93 71

Advanced PMF (classic) 6 6 6

MPN-U 37 5 5

UC 2 2 1

A concordant histologic diagnosis was revealed in 230 patients (78%) concerning
the total cohort. Regarding the patients that were primarily diagnosed by the
clinicians as presumptive ET or early PMF, consensus was 115 of 295 (73%).

ET/PV indicates overlapping BM features between ET and PV; and UC, unclassifiable.

ET PMF (early-prefi brotic stage)

• no or only slight increase in age-matched 
cellularity

• marked increase in age-matched cellularity

• no signifi cant 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 
fi bers

• no or no signifi cant increase in reticulin fi bers

 Megakaryopoiesis;   Granulopoiesis;   Erythropoiesis;   Reticulin fi bers
Figure 1. Diagnostic criteria of distinctive value regarding WHO-defined ET (left) versus early-prefibrotic stage of PMF (right), including standardized morphologic
features (Table 1 contains more details), allowing the generation of characteristic histologic BM patterns.
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appearance concerning their histopathologic features were listed
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morphologic diagnoses other than ET or early PMF (Table 2) in
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analysis of the discrepant cases showed some difficulties
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fiable cases). However, there were still 9 cases left where no
final agreement on morphology could be reached. Altogether, by
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appearance concerning their histopathologic features were listed
as ET/PV. There was only a small number of patients with
morphologic diagnoses other than ET or early PMF (Table 2) in
this primarily clinically generated series. A more detailed
analysis of the discrepant cases showed some difficulties
concerning the histologic distinction between the main MPN
entities versus the 32 discordant cases of MPN-U from the
Vienna group (Table 2). On the other hand, the consensus
conference between the involved pathologists in Vienna, includ-
ing particularly a critical discussion of these specimens at a
multiheaded microscope, resulted in a specification of these
MPN-U entities in 23 patients (mostly ET/PV, PV, and unclassi-
fiable cases). However, there were still 9 cases left where no
final agreement on morphology could be reached. Altogether, by
following this procedure, an overall histopathologic concor-
dance of 97% was achieved. The final clinicopathologic consen-
sus meeting was strictly focused on a scrutinized review of
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the total cohort (including particularly the MPN-U and ET/PV
cases) and 93% concerning the crucial differentiation between
ET and early PMF. The overall agreement between morphologic
and clinical diagnosis was found to be ! " 0.740 (P # .001),
95% confidence interval (0.658-0.822), again consistent with a
substantial agreement.

In the course of this clinicopathologic review, we had to exclude
76 patients from the original series of 295 cases. A variety of
reasons were responsible for this exclusion from further clinical
investigation in these MPN patients: a histologic diagnosis other
than ET, early-prefibrotic PMF, or ET/PV (18 patients); no
consensus either on morphologic diagnosis between the panelists
(9 patients) or a discordance between clinical and morphologic
diagnosis regarding ET versus early PMF (15 patients); a history of
short-term therapy (except aspirin derivates) before BM biopsy
found on critical reevaluation of the original clinical records
(4 patients); and finally, patients missing one of the clinical
parameters listed in the tables (8 patients) or incomplete data
strictly at time of biopsy without any compromise (15 patients) or
during follow-up (7 patients). According to this very restrictive
procedure, 207 patients representing the main disease entities under
consideration (ET and early PMF) were eligible for further clinical
workup. Clinical data of both cohorts are detailed in Tables 3 and 4.
Moreover, differences in some of the presenting hematologic
findings between ET and early PMF patients are listed in Table 5.

The additional small group of 12 patients with overlapping
morphologic as well as clinical features of ET/PV displayed a
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appearance concerning their histopathologic features were listed
as ET/PV. There was only a small number of patients with
morphologic diagnoses other than ET or early PMF (Table 2) in
this primarily clinically generated series. A more detailed
analysis of the discrepant cases showed some difficulties
concerning the histologic distinction between the main MPN
entities versus the 32 discordant cases of MPN-U from the
Vienna group (Table 2). On the other hand, the consensus
conference between the involved pathologists in Vienna, includ-
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MPN-U entities in 23 patients (mostly ET/PV, PV, and unclassi-
fiable cases). However, there were still 9 cases left where no
final agreement on morphology could be reached. Altogether, by
following this procedure, an overall histopathologic concor-
dance of 97% was achieved. The final clinicopathologic consen-
sus meeting was strictly focused on a scrutinized review of
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the total cohort (including particularly the MPN-U and ET/PV
cases) and 93% concerning the crucial differentiation between
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95% confidence interval (0.658-0.822), again consistent with a
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In the course of this clinicopathologic review, we had to exclude
76 patients from the original series of 295 cases. A variety of
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investigation in these MPN patients: a histologic diagnosis other
than ET, early-prefibrotic PMF, or ET/PV (18 patients); no
consensus either on morphologic diagnosis between the panelists
(9 patients) or a discordance between clinical and morphologic
diagnosis regarding ET versus early PMF (15 patients); a history of
short-term therapy (except aspirin derivates) before BM biopsy
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(4 patients); and finally, patients missing one of the clinical
parameters listed in the tables (8 patients) or incomplete data
strictly at time of biopsy without any compromise (15 patients) or
during follow-up (7 patients). According to this very restrictive
procedure, 207 patients representing the main disease entities under
consideration (ET and early PMF) were eligible for further clinical
workup. Clinical data of both cohorts are detailed in Tables 3 and 4.
Moreover, differences in some of the presenting hematologic
findings between ET and early PMF patients are listed in Table 5.
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Table 2. Results of the blinded and independently performed
evaluation of 295 bone marrow biopsies according to WHO criteria
by a panel of pathologists from Vienna and Cologne

Vienna Cologne Concordance

ET 160 179 144

ET/PV 2 8 2

PV 1 2 1

Early PMF (prodromal) 87 93 71

Advanced PMF (classic) 6 6 6

MPN-U 37 5 5

UC 2 2 1

A concordant histologic diagnosis was revealed in 230 patients (78%) concerning
the total cohort. Regarding the patients that were primarily diagnosed by the
clinicians as presumptive ET or early PMF, consensus was 115 of 295 (73%).

ET/PV indicates overlapping BM features between ET and PV; and UC, unclassifiable.

ET PMF (early-prefi brotic stage)

• no or only slight increase in age-matched 
cellularity

• marked increase in age-matched cellularity

• no signifi cant 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 
fi bers

• no or no signifi cant increase in reticulin fi bers

 Megakaryopoiesis;   Granulopoiesis;   Erythropoiesis;   Reticulin fi bers
Figure 1. Diagnostic criteria of distinctive value regarding WHO-defined ET (left) versus early-prefibrotic stage of PMF (right), including standardized morphologic
features (Table 1 contains more details), allowing the generation of characteristic histologic BM patterns.

5712 THIELE et al BLOOD, 26 MAY 2011 ! VOLUME 117, NUMBER 21

For personal use only.on September 1, 2016. by guest  www.bloodjournal.orgFrom 

proposed by the WHO.6,7,10,26,30,31 In addition, an international
clinicopathologic study on 1104 patients with ET derived from 7
institutions, including a central totally blinded rereview strictly
according to WHO criteria, revealed a concordance rate of 83%
between the pathologists.32 Contrasting these confirmative re-

sults, a blinded evaluation among 3 hematologists/pathologists
questions explicitly the reproducibility of the applied WHO
criteria.4 In this context, it has to be noted that the BM biopsy
specimens investigated were derived from the UK-PT1 trial33

and that study design and performance were unfortunately
impaired by a number of inconsistencies: There was no clear-cut
standardization of the 16 evaluated BM parameters strictly
according to WHO (dysplastic and pyknotic megakaryocytes not
included in Table 1) as has been previously detailed.8,9,17 A
failing intraobserver evaluation (self-assessment) during the
long period of examination may generate the unwanted bias of a
learning effect. Moreover, the small size of a fraction of biopsy
specimens (only ! 0.5 cm), contrasting the minimally re-
quested length of 1.5 cm,20 precludes an accurate recognition of
localized features, such as clusters, or a more exact grading of
fibrosis and age-matched cellularity. Finally, the very poor
reproducibility of basic BM features that may have served as
controls for reliability, such as erythropoiesis (interobserver
reliability only 3.9 with score 1 indicating no agreement beyond
chance contrasting 10.1 for the conspicuous feature of new bone
formation) or the wide range of a 37% to 76% incidence
between the panelists concerning higher grades of BM fibrosis,
are very disturbing. Further details regarding this study and
critical interpretation of results have been already reported.34

Although this series of patients was explicitly defined to be
consistent with ET4 according to the diagnostic criteria of the
Polycythemia Vera Study Group,35 in a considerable fraction of
samples moderate to overt BM fibrosis (grades 3 and 4) on a

Table 5. Differences of clinical data between ET and early PMF in the Vienna cohort of patients

ET (126 patients) Early PMF (81 patients) Z value P (2-tailed)*

Age, y 58.1 (18.7-85.4) 64.9 (26.9-88.1) !2.084 .037

Hemoglobin, g/dL 14.2 (11.4-17.3) 13.2 (7.9-16.6) !2.622 .009

Hematocrit, % 42.5 (33.0-52.0) 39.6 (25.0-51.0) !2.930 .003

Leukocytes, " 109/L 8.8 (4.0-21.8) 10.0 (5.5-24.5) !2.827 .005

Erythroblasts, % 0 (0-0) 0 (0-2) !3.293 .001

Myeloblasts, % 0 (0-1) 0 (0-2) !3.163 .002

Platelets, " 109/L 758 (326-2204) 784 (112-1960) !0.198 .843

Spleen size, cm† 0 (0-11) 1.5 (0-15) !5.388 # .001

LDH, U/L 212 (118-534) 321 (164-667) !7.456 # .001

Values are median (range).
LDH indicates lactate dehydrogenase.
*Mann-Whitney U test.
†Below left costal margin.

A

B

C

Figure 5. Follow-up in a 46-year-old patient clinically presenting as ET with a
platelet count of 951 ! 109/L, a hemoglobin/hematocrit value at the upper limit,
a positive JAK2 mutation status, and an erythropoietin level of 2.0 U/L. There
was an increase of the hematocrit and white blood cells (WBC) starting after more
than 2 years of observation with manifestation of overt PV requiring treatment with
interferon (IFN).

Table 6. Follow-up status and survival according to WHO diagnosis
of patients in the Vienna series compared with the historical cohort
from Cologne

Vienna Cologne

ET
Follow-up, y (median) 7.3 9.5

Person-years 1162 1621

Censored patients, % 83 73

Survival, y* 21.2 16.1

95% CI 19.1-23.3 14.6-17.4

Early PMF
Follow-up, y (median) 6.9 7.0

Person-years 565 3,932

Censored patients, % 68 56

Survival, y* 14.4 10.8

95% CI 11.8-17.0 9.4-12.2

*Estimated mean survival.
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Präfibrotische Myelofibrose oder doch ET: Relevant?



Essentielle Thrombozythämie (ET): Diagnose

Arber D et al, Blood 2016; Arber D et al, Blood 2022, Khoury JD et al, Leukemia 2022

Major 1. Thrombozyten >450 G/l

2. KM: Proliferation hauptsächlich der Megakaryozyten mit
• Erhöhter Anzahl
• Vergrössert, reif, mit hyperlobulierten Kernen
• selten leichte Retikulinfaservermehrung, max. Grad 1

3. Erfüllt nicht die WHO Kriterien für 
• BCR-ABL+ CML
• PV, PMF
• MDS, andere myeloische Neoplasien

4. Nachweis einer JAK2, CALR oder MPL Mutation

Minor • Nachweis eines klonalen Markers oder
• Kein Hinweis auf eine reaktive Thrombozytose

Diagnostisch Alle 4 Major- oder Major-Kriterien 1-3 und Minor-Kriterium



PMF: Diagnose

Major 1. KM: 
• Proliferation und Atypien der Megakaryozyten
• Retikulin-/Kollagen-Fibrose Grad 2-3

2. Erfüllt nicht die Kriterien für CML, PV, ET, MDS, andere myeloische Neoplasien

3. • JAK2, CALR oder MPL Mutation oder
• Nachweis eines anderen klonalen Markers*, keine reaktiv bedingte Fibrose

Minor a.
b.
c.
d.
e.

Anämie, die nicht durch andere Erkrankung erklärt ist
Leukozytose ≥ 11 G/l
Palpable Splenomegalie
LDH-Erhöhung
Leukoerythroblastäres Blutbild

Diagn
ostisc
h

Alle 3 Major- und mind. 1 Minor-Kriterium

* Falls JAK2, CALR, MPL negativ: Suche nach häufigsten non-driver Mutationen: ASXL1, EZH2, TET2, IDH1/2, SRSF2, SF3B1

Arber D et al, Blood 2016; Arber D et al, Blood 2022, Khoury JD et al, Leukemia 2022

Bone marrow

Clonal marker

Additional 
markers / 
symptoms

Exclusions



PMF, präfibrotische Form: Diagnose

Major 1. KM: 
• Proliferation und Atypien der Megakaryozyten
• Retikulin-Fibrose maximal Grad 1
• Zellularität gesteigert, Proliferation Granulopoese, Erythropoese oft vermindert

2. Erfüllt nicht die Kriterien für CML, PV, ET, MDS, andere myeloische Neoplasien

3. • JAK2, CALR oder MPL Mutation oder
• Nachweis eines anderen klonalen Markers* oder
• Keine reaktiv bedingte Retikulin-Fibrose

Minor a.
b.
c.
d.

Anämie, die nicht durch andere Erkrankung erklärt ist
Leukozytose ≥ 11 G/l
Palpable Splenomegalie
LDH-Erhöhung

Diagn. Alle 3 Major- und mind. 1 Minor-Kriterium

Arber D et al, Blood 2016; Arber D et al, Blood 2022, Khoury JD et al, Leukemia 2022
4-graded scale36 and even new bone formation (osteosclerosis)
were found.4 These unusual features, obviously present also in
the BM trephines of ET patients enrolled in the UK-PT1 trial,33

were reiterated in a recent paper reporting that approximately
60% of the patients showed an increased BM fibrosis at disease
onset, including more than 20% with moderate to overt myelofi-
brosis.5 According to a number of experts, ET patients present
rarely with minimal to mild reticulin fibrosis but no collagen
and, contrasting PMF, progression into overt myelofibrosis is a
rather rare event occurring after many years.10-13,18,19,32,37,38 For
this reason, it should be discussed that a considerable number of
cases reported in all 3 papers, including overlapping cohorts of
patients,4,5,33 are more probably consistent with thrombocythe-
mic manifestations of PMF.39 In a recently published paper,
2 pathologists tried to reproduce the WHO diagnostic criteria16

on 127 BM biopsy specimens with ET according to Polycythe-
mia Vera Study Group,35 resulting in a discordance of 35%.40

The overall conclusion of these authors that a discrimination
between ET and early-prefibrotic PMF is impaired by subjectiv-
ity and of questionable clinical relevance has to be refuted
considering a number of inconsistencies characterizing this
study. Among others, these include the selection of the BM
samples up to 3 years after clinical diagnosis (pretreatment
unknown) and particularly the conspicuous finding that 54% of
the ET patients showed a minor to moderate reticulin BM
fibrosis. The latter feature is a very rare event when following
strictly the WHO classification.1,39 Moreover, statistical analysis
of morphologic features (scoring system) and clinical data
including outcome did not take the significant disparity in the
number of cases in both groups (ET 102 patients vs PMF 18
patients) into account. For this reason, no convincing evidence
has been produced by the authors to discredit the validity of the
WHO morphologic criteria.

An accurate distinction between ET and early PMF with
excess in platelets (false ET) is not a matter of semantics but
may exert an influence on decisions for therapeutic strategies
and, most important, complications and outcome. Concerning
prognostic differences under standard therapy, former studies
from Cologne14,15 demonstrated a significant worsening of
survival in early PMF contrasting ET diagnosed according to the
WHO criteria.1,16 This result is confirmed and extended by this
study, and it cannot be overemphasized that in this regard

comparative data from the Vienna cohort of patients are
matching with the large historical series of Cologne character-
ized by a very long follow-up. All this provides persuasive
evidence that strict adherence to the WHO-defined ET diagno-
sis, survival appears to be significantly more favorable than
previously reported.32,41-43 In this regard, it may be speculated
that these striking features have been partially and involuntarily
unveiled in an indirect fashion by the already discussed paper on
“reticulin” (ie, correct reticulin and/or collagen) accumulation
in so-called ET regarding laboratory data as well as complica-
tions but especially prognostic significance.5 After statistical
analysis, patients presenting with moderate to overt BM fibrosis
(fiber grades 3 to 4)36 at onset. This finding is comparable with
survival data describing prognosis in early-prefibrotic versus
fibro-osteosclerotic stages of PMF.14,15,19,30

In conclusion, an independently and blindly performed
evaluation of BM specimens by 2 groups of pathologists has
validated the reproducibility of morphologic parameters pro-
posed by the WHO in the setting of MPN classification,
particularly concerning ET versus early-stage PMF. As has been
explicitly required, by regarding clinical data always in context
with BM morphology a very high level of consensus was
achieved. A comparison between clinical data and survival
analysis, including a large historical series of patients derived
from Cologne with the present cohort from Vienna revealed a
striking congruence. Consequently, our findings highlight the
clinical characteristics of the 2 distinctive entities ET and
early-prefibrotic PMF.
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