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presentation of pre-PMF is diverse, leading to heteroge-
neous management strategies. Clinical challenges and 
complications include disease-associated symptoms such 
as fatigue and night sweats, thrombosis, hemorrhage, 
cytopenias, and - less frequent - progression to overt 
PMF or blast-phase MPN (BP-MPN) / secondary acute 
myeloid leukemia (AML). Accurate diagnosis requires 
integration of clinical, laboratory, genetic and patho-
logical features. As misclassification or misdiagnosis is 
frequent, the need for multidisciplinary approaches and 
strong adherence to WHO/ICC criteria needs to be empha-
sized. Prognostic tools specifically for pre-PMF have not 

Introduction

The prefibrotic phase of primary myelofibrosis (pre-
PMF) is recognized as a separate subentity within the 
category of Myeloproliferative Neoplasms (MPN), apart 
from Essential Thrombocythemia (ET), early phases of 
Polycythemia vera (PV) and the overt or fibrotic phase of 
PMF, with specific criteria outlined by the World Health 
Organization (WHO) and International Consensus Clas-
sification (ICC) [1, 2]. Misdiagnosis is common due to 
variability in bone marrow (BM) morphology and lack of 
clinical and molecular data integration [3]. The clinical 
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been developed, however, scoring systems for the overt 
phase can be adapted. The condition is associated with a 
higher thrombotic risk than ET and can progress to more 
severe disease phases in individual patients [4]. Manage-
ment strategies include careful monitoring, cytoreductive 
therapies, symptomatic treatment approaches and consid-
eration of allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) in cases with clinical risk factors and 
genetic/molecular high-risk factors. Advances in genetic 
profiling can prospectively improve diagnostic accuracy 
and prognostication and help to differentiate pre-PMF 
from other MPN subtypes to guide treatment decisions. 
Recent advances in artificial intelligence (AI) and deep 
learning (DL) have significantly enhanced the analysis 
of BM histology [5–7]. AI techniques, including neural 
networks and support vector machines, are increasingly 
applied to tasks such as cell detection, recognition, and 
classification, offering robust image characterization 
and automatic feature learning capabilities. AI supports 
the diagnostic process by automating various stages of 
BM cell morphology analysis, including detection, seg-
mentation, identification, classification, enumeration, 
and diagnosis. End-to-end deep learning systems have 
demonstrated high accuracy in detecting and classify-
ing BM cells, facilitating rapid and precise diagnostics. 
The digitalization of histological slides further enables 
AI applications in pathology, promising to detect subtle 
phenotypic changes and improve diagnostic objectivity.

Diagnostic criteria and terminology

The 2016 World Health Organization (WHO) classifica-
tion introduced pre-PMF as a distinct subentity within the 
category of myeloproliferative neoplasms (MPN). This 
reclassification has posed several challenges in accu-
rately diagnosing and differentiating pre-PMF from other 
MPNs, particularly essential thrombocythemia (ET) and 
overt PMF, to a lesser extent also polycythemia vera (PV). 
The application of the 2016 WHO classification criteria 
for pre-PMF presents several challenges, primarily due to 
overlapping clinical, hematological, and molecular fea-
tures between the various subentities. Accurate diagnosis 
requires a comprehensive approach integrating morpho-
logic, immunophenotypic, genetic, and cytogenetic data. 
Continued refinement of diagnostic criteria and increased 
awareness of the distinct features of pre-PMF are essen-
tial for improving diagnostic accuracy and patient out-
comes. The 2016 and 2022 WHO criteria as well as the 
International Consensus Criteria (ICC) for pre-PMF are 
similar and show only minor differences as follows:

WHO 2016 diagnostic criteria for pre-fibrotic 
myelofibrosis (Pre-PMF) [8]

Major criteria

1. Megakaryocyte Proliferation and Atypia:

 ● Presence of megakaryocyte proliferation and atypia 
without reticulin fibrosis grade > 1.

 ● Age-adjusted increase in BM cellularity with granulo-
cytic proliferation and often decreased erythropoiesis.

2. Exclusion of Other Myeloid Malignancies:

 ● Does not meet the WHO criteria for BCR-ABL1 + chron-
ic myeloid leukemia, polycythemia vera, essential 
thrombocythemia, myelodysplastic syndromes, or other 
myeloid neoplasms.

3. Presence of JAK2, CALR, or MPL Mutation:

 ● In the absence of these mutations, the presence of an-
other clonal marker, or no evidence of reactive marrow 
fibrosis.

Minor criteria (at least one must be present)

1. Anemia not attributed to a comorbid condition.
2. Leukocytosis ≥ 11 × 10^9/L.
3. Palpable splenomegaly.
4. Serum lactate dehydrogenase (LDH) level above the 

upper normal limit.

WHO 2022 diagnostic criteria for pre-fibrotic 
myelofibrosis (Pre-PMF) [2]

Major criteria

1. Megakaryocyte Proliferation and Atypia:

 ● Presence of megakaryocyte proliferation and atypia 
without significant reticulin fibrosis (reticulin fibrosis 
grade 0–1).

 ● Age-adjusted increase in BM cellularity with granulo-
cytic proliferation and often decreased erythropoiesis.

1 3

296



Annals of Hematology (2025) 104:295–306

2. Exclusion of Other Myeloid Malignancies:

 ● Excludes diagnoses such as BCR-ABL1 + chronic my-
eloid leukemia, polycythemia vera, essential thrombo-
cythemia, myelodysplastic syndromes, and other my-
eloid neoplasms.

3. Clonal Marker Evidence:

 ● Presence of JAK2, CALR, or MPL mutation, or in the ab-
sence of these mutations, another clonal marker indicating 
a myeloid neoplasm, or absence of reactive BM fibrosis.

Minor criteria (at least one must be present)

1. Anemia not attributable to a comorbid condition.
2. Leukocytosis ≥ 11 × 10^9/L.
3. Palpable splenomegaly.
4. Serum lactate dehydrogenase (LDH) level above the 

normal reference range.

Both editions highlight the importance of a comprehensive 
diagnostic approach that includes morphological evalua-
tion of BM histology, exclusion of other conditions, and the 
presence of specific genetic mutations. The criteria remain 
largely consistent, emphasizing the unique characteristics of 
pre-PMF and its distinction from related MPN.

ICC 2022 diagnostic criteria for pre-fibrotic 
myelofibrosis (Pre-PMF) [1]

Major criteria

1. BM biopsy showing megakaryocytic proliferation and 
atypia (a), BM fibrosis grade < 2, increased age-adjusted 
BM cellularity, granulocytic proliferation, and (often) 
decreased erythropoiesis.

2. Mutational Status: JAK2, CALR, or MPL mutation 
(b) or presence of another clonal marker (c) or absence 
of reactive BM reticulin fibrosis (d).

3. Diagnostic criteria for BCR::ABL1-positive chronic 
myeloid leukemia, polycythemia vera, essential 
thrombocythemia, myelodysplastic syndromes, or 
other myeloid neoplasms are not met.

Minor criteria

1. Anemia not attributed to a comorbid condition.
2. Leukocytosis ≥ 11 × 10e9/L.

3. Palpable splenomegaly.
4. Lactate dehydrogenase level above the reference range.

The diagnosis of pre-PMF requires all 3 major criteria 
and at least 1 minor criterion confirmed in 2 consecutive 
determinations.

a) Morphology of megakaryocytes in pre-PMF and overt 
PMF usually demonstrates a higher degree of mega-
karyocytic 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).

b) It is recommended to use highly sensitive assays for 
JAK2 V617F (sensitivity level < 1%) and CALR and 
MPL (sensitivity level 1–3%) - in negative cases, 
consider searching for non-canonical JAK2 and MPL 
mutations.

c) Assessed by cytogenetics or sensitive NGS techniques; 
detection of mutations associated with myeloid neo-
plasms (e.g. ASXL1, EZH2, IDH1, IDH2, SF3B1, 
SRSF2, and TET2 mutations) supports the clonal nature 
of the disease.

d) Minimal reticulin fibrosis (grade 1) secondary to infec-
tion, autoimmune disorder or other chronic inflamma-
tory conditions, hairy cell leukemia or another lymphoid 
neoplasm, metastatic malignancy, or toxic (chronic) 
myelopathies.

Review and discussion-based recommendations for 
the treatment of patients in pre-fibrotic phase of 
PMF

1) How do we define and diagnose pre-PMF? What are 
the clinical characteristics of pre-PMF and how do they 
separate from other subentities of MPN?

Pre-PMF is a subentity within the category of MPNs which 
is characterized by an increased cellularity with rather 
decreased erythropoiesis, a dysplastic and clustered mega-
karyopoiesis without or with minimal myelofibrosis (i.e. 
BM fibrosis grade 0 or 1 on a scale of 0–3). Diagnosing 
pre-PMF should always involve a combination of clinical 
evaluation, laboratory tests, genetic/molecular analysis and 
histopathological examination of BM samples and can only 
be successful when all aspects are integrated. There is con-
sensus that expert evaluation (reference pathology) may pre-
vent misdiagnosis and improve the diagnostic assessment 
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disease “label”. Rather, an “early form of MPN” could 
be diagnosed, with comments suggesting the possibil-
ity of pre-PMF or ET, indicating differential diagno-
ses based on clinical findings and recommendation of 
timely re-assessment. LDH is one of the more important 
parameters of pre-PMF.

 ● Morphologically, pre-PMF is a different disease entity 
compared to the other MPN subentities. A hypercellular 
BM does not fit with ET, only with PV. The majority 
of megakaryocytes must be atypical for the diagnosis 
of pre-PMF, for example, hyperchromasia, condensed 
nuclei, or myelodysplastic syndrome (MDS)-like mega-
karyocytes, and histo-topography, such as the tendency 
of megakaryocytes to group. They can be found in loose 
groups, but clustering is more likely in pre-PMF. Clus-
ters of 6 or more megakaryocytes are considered atypi-
cal and are more indicative of pre-PMF [1]. Clusters of 
fewer than 6 megakaryocytes can also occur in ET. A 
hypercellular BM with small clusters of megakaryocytes 
cannot be ET. Similarly, a BM in which megakaryocytes 
encircle adipocytes does not fit with ET. Erythropoiesis 
in pre-PMF is typically dysplastic and left-shifted, often 
with increased numbers of immature erythroid precur-
sors, reflecting ineffective hematopoiesis. In contrast, 
PV shows hyperplastic erythropoiesis, characterized by 
an abundance of mature erythroid precursors.

 ● Frequently, patients with CMML (MDS/MPN overlap) 
have also been diagnosed as pre-PMF, especially if they 
have JAK mutations, as they are seen as MPN due to the 
presence of atypical megakaryocytes. In patients with 
monocytosis, the molecular findings must be integrated 
into the diagnosis (particularly TET2, ASXL1, SRSF2, 
SF3B1), as monocytosis is more indicative of an MDS/
MPN rather than pre-PMF [14–16]. Monocytosis is a 
prognostic marker in PMF, not a diagnostic criterion.

 ● Not every case of pre-PMF progresses to overt PMF. 
Pre-PMF is a distinct MPN subgroup that is clinically 
and genetically different from ET and overt PMF [17]. 
Many patients with pre-PMF do progress to overt PMF, 
but the timing of progression to higher grade fibrosis is 
uncertain; of note, there are no bona fide biomarker es-
tablished. It may take years (sometimes 10–20 years) 
before progression of fibrosis occurs. The diagnosis of 
pre-PMF is therefore particularly relevant for younger 
patients to ensure the transformation point is not missed 
especially regarding the probability of transition from 
pre-PMF to overt PMF, blast phase, and death [18].

2) Are ET and pre-PMF clearly distinguishable entities or 
rather part of a continuous spectrum?

of all MPN subtypes (specifically regarding the pre-PMF). 
Laboratory findings often include elevated white blood cell, 
platelet counts and LDH. The diagnosis is primarily con-
firmed through a BM biopsy, which reveals characteristic 
features such as hypercellularity, megakaryocyte prolifera-
tion with atypia, and reticulin fibrosis grade 0–1.

Clinically, patients frequently present with symptoms 
such as fatigue, night sweats, bone pain and others as well 
as splenomegaly and mild anemia [3]. Structured assess-
ment of symptoms using validated scales (e.g. MPN10 or 
MPN-SAF) is clearly recommended, as physician-based 
assessment may underestimate the complexity of symptoms 
complex [9, 10].

Genetic testing is crucial for identifying MPN driver 
mutations in pre-PMF, including JAK2, CALR, and MPL 
mutations. Moreover, additional somatic mutations includ-
ing mutations of the high-risk spectrum are relevant [11, 
12]. These mutations may help to differentiate pre-PMF 
from other MPNs like ET. According to the World Health 
Organization (WHO) 2016 and 2022 and ICC 2022 criteria, 
the diagnosis of pre-PMF requires the presence of these BM 
abnormalities along with the exclusion of other hematologi-
cal neoplasms.

Relevant aspects of the panel discussion

 ● It is problematic to diagnose a patient with elevated 
LDH and leukocytosis with ET in case there is no ex-
planation for these two findings such as infection, he-
molysis or smoking. The frequently hypercellular BM 
in these patients does not align with “classic” ET. How-
ever, the hyperplastic BM could also be due to a concur-
rent inflammatory condition. Without knowledge of the 
minor criteria, a pathologist cannot diagnose pre-PMF 
but can only consider this diagnosis depending on the 
minor criteria.

 ● Presentation of the clinical and genetic characteristics 
of WHO-defined pre-PMF and ET are important (WBC, 
LDH, palpable splenomegaly, degree of fibrosis). Com-
munication between the clinician and the pathologist is 
essential for an accurate diagnosis. The updated WHO 
criteria for pre-PMF [13] should be taken into consid-
eration. Both ICC and WHO propose similar criteria: 
anemia, leukocytosis, palpable splenomegaly, LDH, 
major and minor criteria. Some patients will only show 
one minor criterion. Only few patients do not show 
any minor criteria and therefore fall under unclassified 
MPNs (thus not pre-PMF!). Without a minor criterion, 
the diagnosis of pre-PMF according to the WHO clas-
sification is not possible. It is important not to diagnose 
pre-PMF too hastily, so the patient does not receive this 
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transformation into blast phase/secondary acute myeloid 
leukemia (AML). In contrast, ET patients, who generally 
have a more indolent disease course, were managed with 
less intensive therapies. Treatment patterns varied consid-
erably between patients diagnosed with ET and those with 
pre- MF. Patients with pre-PMF were more likely to receive 
cytoreductive therapy, such as hydroxyurea, and required 
more intensive monitoring compared to those with true ET.

Regarding the thromboembolic risk assessment, the 
IPSET score, initially developed for ET, has been validated 
for predicting thrombosis in patients with pre-PMF [20]. 
Studies have shown that the risk of overall thrombosis pre-
dicted by the IPSET score corresponds to 0.67%, 2.05%, and 
2.95% patients/year in the low-, intermediate-, and high-risk 
categories, respectively. The IPSET score has been found 
to be superior to both the conventional 2-tiered score and 
the revised IPSET in cohorts of pre-MF patients. Therefore, 
individualized management aimed at reducing the increased 
risk of major cardiovascular events can be achieved. Further 
refinement of the IPSET score in pre-PMF might be pursued 
by additional, prospective studies evaluating the inclusion 
of leukocytosis and/or adverse mutational profiles as novel 
variables.

Overall, while the driver mutation profiles in ET and 
pre-MF are broadly comparable, pre-PMF tends to have 
a slightly higher prevalence of JAK2 (50–60% versus 
60–70%) mutations [21]. High-Risk Mutations (HMRs) are 
relatively rare in ET compared to pre-MF. When present, 
they can indicate a higher risk of disease progression and a 
potentially poorer prognosis. The lower incidence of HMRs 
in ET corresponds with the generally more indolent nature 
of the disease. In pre-PMF, the presence of mutations in 
ASXL1, SRSF2, EZH2, IDH1/2, and TP53 is significantly 
higher and is associated with a worse prognosis, including 
a higher likelihood of progression to overt myelofibrosis, 
AML, and reduced overall survival [11, 19, 22–24]. Sev-
eral scoring systems are available for assessing the risk of 
progression in pre-PMF, each with its strengths and limita-
tions. Modern scoring systems like GIPSS and MIPSSv2 as 
well as extensive analyses of the MPN genomic landscape 
[11] emphasize the importance of genetic mutations and 
karyotype information. These systems provide a more pre-
cise risk assessment by incorporating molecular data, which 
is crucial for understanding disease progression [25]. This 
is of specific importance as patients diagnosed with pre-
PMF categorized as low- or intermediate risk by clinically 
inspired scoring systems may show a molecular high-risk 
status [12, 26]. Approximately 40% of IPSS/DIPSS-Plus 
lower-risk patients are considered high molecular risk [27].

A study highlights the critical role of accurate morphologic 
diagnosis in distinguishing between essential thrombo-
cythemia (ET) and pre-PMF, which significantly impacts 
patient outcomes [19].

Misdiagnosis of overt primary myelofibrosis (PMF) fre-
quently arises from the misinterpretation of fibrosis grades, 
as cases with bone marrow fibrosis grade 1, which do not 
meet the criteria for overt PMF, are often erroneously clas-
sified as such on pathology reports. This diagnostic error 
can lead to inappropriate prognostication and treatment 
strategies, emphasizing the necessity for standardized and 
precise histological assessments. Additionally, “masked 
polycythemia vera” (PV), a variant with subtle erythrocyto-
sis or suppressed hemoglobin levels due to plasma volume 
expansion, is frequently misinterpreted as essential throm-
bocythemia (ET) or pre-PMF, further complicating accurate 
disease classification and necessitating integration of clini-
cal, histopathological, and molecular data for proper diagno-
sis. Many cases initially diagnosed as ET were reclassified 
as pre-PMF upon detailed histopathological review. This 
misclassification has substantial implications for prognosis 
and treatment strategies. Patients with reclassified pre-PMF 
had worse overall survival compared to those with “true” 
ET. The study reported that survival in true ET was com-
parable to the general population, while pre-PMF had a 
significantly higher risk of mortality. Here, 16% of patients 
were reclassified as pre-PMF when strict 2016 WHO crite-
ria were applied. Moreover, the two entities (ET compared 
to pre-PMF) showed differences regarding outcome: over-
all survival (OS) of 89% versus 76%; progression to AML 
(0.7% versus 5.8%) and progression to the fibrotic phase 
of myelofibrosis (0.8% versus 12.3%), respectively. Like-
wise, diagnostic laboratory findings and clinical character-
istics showed differences between ET when compared to 
pre-PMF: LDH levels (296 versus 429 mU/mL), palpable 
splenomegaly (16% versus 23%) and presence of fibrosis 
grade 1 (3% versus 24%). Based on these findings, the lack 
of accuracy in diagnosing ET versus pre-PMF in real-world 
settings has been most recently compiled in a chart review 
on 960 MPN patients [3]: while they met at least one minor 
WHO-criterion for primary myelofibrosis, 39.8% of those 
diagnosed with ET did not have histopathological BM test-
ing at diagnosis. 63.4% of patients who were classified as 
having MF (including pre-MF), however, did not obtain an 
early prognostic risk assessment. More than 50% patients 
classified as myelofibrosis showed characteristics consis-
tent with the pre-fibrotic phase, which was emphasized by 
the frequent use of cytoreductive therapy, which is more 
frequently indicated and used in the early, proliferative 
phases of MF. The study found that physicians tended to 
adopt a more aggressive treatment approach for pre-MF due 
to its higher risk of progression to overt MF and potential 
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 ● It was demonstrated that 16% (180/1071) of patients ini-
tially diagnosed with essential thrombocythemia (ET) 
could be reclassified as having pre-PMF upon detailed 
clinical and histopathological evaluation. This reclas-
sification highlights the critical role of accurate differ-
entiation between ET and pre-PMF, given the distinct 
clinical course and prognostic implications associated 
with these entities. The findings underscore the need for 
meticulous diagnostic criteria, including bone marrow 
morphology and minor clinical features, to refine dis-
ease classification and guide appropriate management 
strategies [19].

 ● Likewise, recent data revealed that 42% (28/661) of 
patients initially diagnosed with overt myelofibrosis 
(MF) could be reclassified as having pre-PMF based on 
updated WHO diagnostic criteria. This reclassification 
underscores the overlap in clinical and morphological 
features between these entities, particularly in early dis-
ease stages, and highlights the importance of bone mar-
row histopathology for precise disease characterization. 
The findings emphasize the need for accurate diagnostic 
frameworks to distinguish pre-PMF from overt MF, as 
they carry distinct prognostic trajectories and therapeu-
tic implications, ultimately impacting patient outcomes 
[26]. Notably, there is low intra- and interprofessional 
reproducibility (53–88%).

 ● JAK2V617F variant allele frequency (VAF) serves as a 
critical discriminator between essential thrombocythe-
mia (ET) and pre-PMF. In ET, median JAK2 VAFs tend 
to be lower (around 25%) compared to pre-PMF, where 
the median VAF is significantly higher (approximately 
46%). A JAK2 VAF exceeding 50–60% is concerning 
at diagnosis for ET, often signaling the need to recon-
sider the classification towards pre-PMF. For intermedi-
ate VAFs (10–20%), additional parameters such as bone 
marrow histology and the presence of co-mutations, 
including CALR or MPL, must be integrated into the 
diagnostic framework to ensure accurate classification 
and prognostication [29].

 ● Cytopenic pre-PMF represents a distinct clinical phe-
notype affecting one or more hematopoietic lineages, 
including anemia, thrombocytopenia, and leukopenia. 
Patients with cytopenic pre-PMF exhibit higher fre-
quencies of adverse clinical features such as elevated pe-
ripheral blood blasts, splenomegaly, and constitutional 
symptoms, alongside enriched molecular abnormalities, 
including high-risk mutations in ASXL1, U2AF1, and 
other high molecular risk genes. This phenotype is as-
sociated with significantly shorter overall survival com-
pared to the proliferative pre-PMF subgroup, reflecting 
its adverse prognostic implications. Moreover, cytope-
nic pre-PMF patients have a substantially higher risk of 

Relevant aspects from the panel discussion

 ● Symptoms and spleen size are a continuum, as is the 
case between ET and pre-PMF. Over 95% of patients 
report on symptoms, when structurally assessed using 
questionnaires. Patients will report their symptoms if 
given sufficient time and structured assessment forms. 
The vast majority of patients experience fatigue, but to 
very different degrees of severity. Structured documen-
tation of symptoms is therefore important: significantly 
more patients report symptoms than is perceived, but 
this goes unnoticed if they are not documented on a reg-
ular basis and in a structured manner (using validated 
scales).

 ● Diagnosis of an MPN subtype cannot be solely deduced 
from the histopathologically assessed degree of fibrosis. 
The degree of fibrosis is just one of the parameters, and 
classification is the best possible approximation of clini-
cal problems. ET and pre-PMF are certainly biologically 
closely related diseases, but, at the moment, they cannot 
be better defined. Individual parameters may overlap, 
but the overall pattern does not. Pre-PMF may some-
times be separated from ET only after a considerable 
amount of time of disease course. Eventually, genetic 
parameters may help to explain morphologic findings 
and clinical phenotype. Currently, categorization as pro-
posed by the WHO/ICC is necessary to guide treatment 
strategies, however, in the future molecular and clinical 
biomarkers with predictive value may facilitate pheno-
type agnostic treatment approaches.

 ● There is no difference in the treatment goals of ET or 
pre-PMF purely based on the classification of the dis-
ease. If the patient has a high risk for thromboembolic 
complications or significant symptom burden, there is 
an indication for cytoreductive or symptom-oriented 
therapy, similar to what is recommended for high-risk 
ET. Treatment should be focused on clinical needs and 
risk factors. Labels of the respective drugs and guide-
lines allow for treatment within the scope of the approv-
al and beyond. However, most approvals were granted 
before the re-classification of PMF into prefibrotic and 
overt phases. Of note, certain patient subgroups may not 
have been represented sufficiently in the relevant trials 
at that time.

 ● MPN show commonalities and unifying mechanisms 
at the level of the genomic landscape that have similar 
functional consequences [28]. These overlaps in patho-
physiology across this disease spectrum provide com-
mon targets for therapeutic intervention and future de-
velopment of personalized treatments.
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without active treatment is often recommended. This 
approach is based on the relatively favorable prognosis and 
the potential risks associated with unnecessary treatment. 
Low-dose aspirin may be prescribed to reduce the risk of 
thrombotic events. This is especially relevant for patients 
with a history of arterial or venous thrombosis. Hydroxy-
urea is commonly used as a first-line cytoreductive therapy 
in patients with thrombocytosis or leukocytosis. In the Ger-
man MPN guidelines, anagrelide is currently recommended 
as 1st or 2nd line option in ET [32] and in clinical practice 
it is also used in patients with pre-PMF and thrombocytosis 
[3]. However, data on anagrelide-induced marrow fibrosis 
[28] or at least inability of anagrelide to prevent progres-
sion of BM fibrosis as well as frequent cardiac side effects 
have raised concerns regarding its use especially in younger 
patients. Interferon alfa is an alternative to hydroxyurea, par-
ticularly for younger patients with a long life-expectancy. It 
is used to control myeloproliferation and has shown efficacy 
in controlling disease progression in MPN [33]. Currently, 
Ropeginterferon-alpha is evaluated in clinical phase III tri-
als in ET [34] and pre-PMF [35]. JAK inhibitors, such as 
RUX or fedratinib, are approved for the treatment of myelo-
fibrosis and may be considered in certain cases of pre-PMF, 
especially in patients with splenomegaly and symptoms. 
Participation in clinical trials may be an option for patients 
with pre-PMF, particularly when standard treatments are not 
effective or suitable. The treatment strategy for pre-PMF is 
often guided by risk stratification. For intermediate-1 and 
intermediate-2 risk patients, treatment is typically based on 
the presence and severity of symptoms or the need to pre-
vent thromboembolic complications. High-risk patients may 
require more intensive management due to a poorer progno-
sis [36]. For patients with molecular high risk and signs of 
clonal evolution and disease progression, allogeneic hema-
topoietic cell transplantation should be considered.

Relevant aspects of the panel discussion

 ● JAK inhibitors, such as ruxolitinib, have shown ef-
ficacy in addressing symptoms like splenomegaly in 
overt PMF but play a limited role in pre-PMF, where 
the primary therapeutic goals are preventing thrombotic 
events and achieving disease modification. The lack of 
evidence supporting their impact on disease progression 
highlights the need for alternative, targeted strategies. 
JAK-inhibitor treatment may be considered in patients 
with pre-PMF and symptomatic disease: Study data 
on ruxolitinib (RUX) [37–40] and prospective real-
world data from the ERNEST study [41] both indicate 
an overall survival (OS) benefit from RUX therapy in 
overt PMF. Patients who are treated early with RUX 

progression to overt fibrotic myelofibrosis, particularly 
in the presence of anemia and thrombocytopenia. These 
findings underscore the need for early identification and 
tailored management strategies to address the poor out-
comes associated with the cytopenic phenotype [30].

 ● Recent data highlighted the significant therapeutic po-
tential of early ruxolitinib (RUX) initiation in pre-PMF, 
showing clinical benefits irrespective of fibrosis grade. 
Patients with low-grade fibrosis (LGF) exhibited supe-
rior spleen responses, overall survival, and progression-
free survival compared to those with high-grade fibro-
sis (HGF). Importantly, early initiation of RUX, within 
two years of diagnosis, was associated with markedly 
improved outcomes in both LGF and HGF patients, 
emphasizing the progressive nature of the disease and 
the need for timely intervention. The findings also un-
derscore the manageable safety profile of RUX, even in 
patients with advanced disease stages. This reinforces 
the critical role of accurate staging and early therapeutic 
intervention in optimizing patient outcomes in pre-PMF 
[31].

 ● Significant differences in survival and disease charac-
teristics between pre-PMF and overt PMF have been 
reported, using the 2016 WHO diagnostic criteria [26]. 
Median overall survival (OS) was notably longer in pre-
PMF (14.7 years) compared to overt PMF (7.2 years), 
with similar trends observed for leukemia-free survival 
(LFS). Prognostic mutations such as ASXL1 and EZH2 
were more frequently observed in overt PMF and were 
associated with worse outcomes, underscoring the rel-
evance of molecular profiling in risk stratification. Ad-
ditionally, diagnostic scoring systems like DIPSS and 
IPSS effectively differentiated risk categories but may 
require recalibration for the pre-PMF subgroup. These 
findings emphasize the continuum between pre-PMF 
and overt PMF and the critical importance of integrat-
ing phenotypic and genotypic data for accurate di-
agnosis and prognosis. The study also noted that the 
JAK2V617F allelic burden (or variant allele frequency, 
VAF) is significantly higher in pre-PMF compared to 
essential thrombocythemia (ET), reflecting the more ad-
vanced myeloproliferative phenotype of pre-PMF. This 
distinction further aids in the differential diagnosis and 
highlights the progression of clonal hematopoiesis from 
ET to pre-PMF.

3) What are therapeutic options and how does JAK-inhib-
itor therapy rank among therapies of pre-PMF? How do 
I treat pre-PMF?

For low-risk pre-PMF patients (e.g. according to DIPSS- or 
MIPSS70-scoring) with low symptom burden, observation 
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already in a more advanced stage). In JAK inhibitor 
studies, especially with long treatment durations, some 
severe side effects, such as skin cancers or complica-
tions of severe immunosuppression, can be observed. 
Even though overall, there were few side effects, the 
side effects of long-term treatment need to be critically 
examined, particularly in young patients. Patients with 
pre-PMF should therefore only be treated with JAK-in-
hibitors with a clear indication such as splenomegaly or 
symptoms, as long as there is no evidence that early treat-
ment prevents progression. The ReThink study could 
have answered this question. Formally, the approvals 
are based on the COMFORT I and II studies when pre-
PMF not (yet) defined by WHO classifications.

 ● Peg-IFN alfa 2a and 2b have emerged as promising 
agents in pre-PMF and MPNs, offering benefits in dis-
ease modification by reducing JAK2V617F allele bur-
den and improving progression-free survival. Data from 
Silver et al. and the Mayo Clinic support its efficacy in 
mitigating thrombotic risk and delaying disease progres-
sion, particularly in younger, molecularly high-risk pa-
tients [23, 25, 33, 35, 44, 45]. Ropeginterferon-alpha is 
a potential and veritable treatment option in pre-PMF, 
which may be particularly beneficial in JAK2-mutated 
disease [46]. This is supported by recently published 
data [47]. Trials investigating Ropeginterferon-alpha in 
early/lower risk MF are currently ongoing [35].
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may benefit more from the treatment [31]. RAS/CBL 
mutations may predict resistance to JAK inhibitor treat-
ment [42]. Spleens of patients with low fibrosis grades 
respond better to early RUX treatment [31].

 ● It is generally known from clinical practice that a mini-
mum daily dose of 30 mg RUX may be required to 
achieve a relevant spleen response. In cases with RAS/
CBL1 or ASXL1 mutations, or in patients with a pal-
pable spleen size greater than 10 cm below the costal 
margin, the spleen response was significantly impaired. 
OS is significantly worse in patients with RAS/CBL1 
mutations during JAK inhibitor treatment (30 vs. 91 
months). OS correlates with spleen response and with 
the maintenance of spleen response. The benefit of early 
RUX therapy is comparable in patients with low fibrosis 
grades to those with high fibrosis grades; both groups 
benefit more when therapy begins early [31]. The fol-
lowing factors worsen the success of therapy with 
JAK1/2 inhibitors regarding time to treatment failure 
and OS: transfusion dependence before starting JAK-
inhibitor therapy, high DIPSS, and ASXL1 or EZH2 
mutations [43].

 ● Formally, second generation JAK-inhibitors such as 
fedratinib, pacritinib and momelotinib have not been 
tested in defined cohorts of pre-PMF. However, clini-
cal trials as well as retrospective cohorts, variably in-
cluded patients in pre-fibrotic stages of myelofibrosis 
due to the clinical heterogeneity described above. In a 
retrospective comparison of clinical trial patients treated 
with momelotinib, RUX, fedratinib, or BMS-911,543, 
fedratinib showed superior spleen response rates, while 
momelotinib excelled in anemia response compared to 
RUX. Formally, fedratinib is approved for the treatment 
of disease-related splenomegaly or symptoms in adult 
patients with primary myelofibrosis or secondary my-
elofibrosis who are JAK-inhibitor naive or have been 
treated with RUX. Momelotinib is approved for the 
treatment of disease-related splenomegaly or symptoms 
in adult patients with moderate to severe anemia with 
primary or secondary myelofibrosis either treatment 
naive or who have been treated with RUX. Both defi-
nitions can (in principle) apply for patients in the pre-
fibrotic phase of myelofibrosis.

 ● However, all previous studies have the limitation that 
they are retrospective studies, and there are no data 
available from randomized trials with “pre-PMF only” 
cohorts. The early-stage patients are typically younger, 
while the late-stage patients are usually older. Younger 
patients are often diagnosed early (and are in a less ad-
vanced stage of the disease) and frequently have many 
symptoms, whereas older patients are diagnosed later, 
perhaps because they had fewer symptoms (and are 
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