ULUSLARARASI HEMATOLOJI-ONKOLOJI DERGISI

ARTICLE

International Journal of Hematology and Oncology

WHO 2016 Prefibrotic Myelofibrosis
in the Patients with WHO 2008 Essential
Thrombocythemia
Sude Hatun AKTIMUR1, Deniz BAYCELEBI2, Ahmet Kursad GUNES3,
Levent YILDIZ2, Mehmet TURGUT4
1

University of Health Sciences, Samsun Training and Research Hospital, Department of Hematology, Samsun
2
On Dokuz Mayıs University, Faculty of Medicine, Department of Pathology, Samsun
3
University of Health Sciences, Ankara City Hospital, Department of Hematology, Ankara
4
On Dokuz Mayıs University, Faculty of Medicine, Department of Hematology, Samsun, TURKEY

ABSTRACT
According to newly defined features of bone marrow (BM) histology, some of the patients who were previously diagnosed with essential thrombocythemia (ET) were accepted as early/prefibrotic PMF in recent publications. The aim of this study was to explore actual
rate of pre-PMF according to the 2016 revised WHO criteria. Demographic characteristics of 160 patients diagnosed with ET between
2000-2017; laboratory values; cytogenetic profile; the treatments using; disease-related thromboembolic complications; progression
of the disease to MF and AML; mortality rates and cause were recorded retrospectively. The diagnosis of pre-PMF or ET was confirmed by BM morphology and clinical follow-up. BM biopsy samples obtained during the initial diagnosis were available in 107 cases.
53 cases with inaccessible BM biopsies were excluded from the study. The distribution of female/male in cases of ET was 46/28. The
incidence of progression to AML was higher in pre-PMF patients. (Progression to AML: PMF 15.15%; ET 4.05%; p= 0.044). The mean
duration of progression-free survival in patients with progression to AML or PMF in pre-PMF patients was 52.1±7.37 months; ET was
62.44±10.20 months. Approximately 30% of patients previously diagnosed with ET consisted of pre-PMF patients. Anemia, high LDH
level, and splenomegaly are parameters that can be used in the differential diagnosis of PMF.
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INTRODUCTION
World Health Organization (WHO) revised the
classification system for tumors of the hematopoietic and lymphoid tissues in 2016.1 The current
classification mainly focuses on the myeloproliferative neoplasms (MPNs) and their subgroups. A
novel description, early/prefibrotic and overt primary myelofibrosis were introduced as subtypes of
primary myelofibrosis (PMF).2 According to newly
defined features of bone marrow (BM) histology,
some of the patients who were previously diag-
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nosed with essential thrombocythemia (ET) were
accepted as early/prefibrotic PMF in recent publications.3-6 Diagnostic differentiation between ET
and pre-PMF is not only important to distinguish
characteristic morphological BM features of two
distinct entity but it is also important by the different clinical behavior.7,8 Although, the incidence
of major thrombosis is comparable in both ET and
pre-PMF, Pre-PMF has worse prognosis in terms
of evolution to PMF, blast crisis and mortality.7
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Increased platelet count could be detected in variety of diseases, but the accurate diagnosis is important in terms of both prognosis estimation and
treatment. The presence of clonal markers, such
as JAK2, CAL-R, and MPL, reliably excludes ET,
polycythemia vera (PV), or PMF patients from
reactive thrombocytosis and other myeloid neoplasms.9-11 However, the key for distinguishing ET
from the early stages of PMF (early/prefibrotic
PMF) is detailed bone marrow (BM) histology,
with focused assessment of megakaryocyte morphology and degree of myeloproliferation as defined in the current classification.1
In this study, we retrospectively re-evaluated our
ET patients and aimed to explore actual rate of prePMF according to the 2016 revised WHO criteria.
Also, we assessed the presence or absence of clonal markers (JAK2, CAL-R, and MPL), transformation to blastic phase and prognosis of both groups.
PATIENTS and METHODS
Institutional research ethics committees of this
study were approved (Samsun Training& Research
Hospital Ethical Board, GOKA/2020/5/5, February 26, 2020) and the written informed consent was
obtained from all patients and/or first degree relatives in accordance with the Helsinki Declaration.
Demographic characteristics of 160 patients diagnosed with ET, who applied to Hematology
Department of Health Sciences University Samsun Training and Research Hospital and Ondokuz
Mayis University Faculty of Medicine between
2000-2017; laboratory values; cytogenetic profile;
the treatments using; disease-related thromboembolic complications; progression of the disease to
MF and AML; mortality rates and cause were recorded retrospectively. Study inclusion criteria include the presence of BM biopsies obtained at the
time of diagnosis or one year after diagnosis.
Fifty-three cases in which bone marrow biopsies
were not available were excluded from the study.
Bone marrow biopsies available 107 cases; Ondokuz Mayis University, Faculty of Medicine,
Department of Pathology; revised according to
WHO 2016 criteria. Hematoxylin & eosin, Gomori
reticuline, and Giemsa stained slides of initially
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diagnosed as ET were reexamined by two expert
pathologists. All hematopoietic series, cellularity,
megakaryocyte morphology, distribution, and reticular fibrosis were reassessed. Grading of bone
marrow fibrosis was done according to the European Consensus scoring system accepted by WHO.12
According to the new diagnostic criteria, it was
aimed to determine the number and clinical features of pre-PMF.
The diagnosis of pre-PMF or ET was confirmed by
BM morphology and clinical follow-up. The BM
biopsy samples were graded according to the European consensus scoring system accepted by WHO.
Patients received standard therapy consisting of
low-dose aspirin and cytoreductive drugs such
as hydroxyurea, anagrelide, and interferon-alpha
(IFN-a), according to the instructions of the relevant institutions.
Statistical Analysis
SPSS 21.0 statistical software package (IBM, NY,
USA) were used. Distribution was evaluated by
the Kolmogorov-Smirnov test. Mean, standard
deviation and percentage values were specified.
Categorical variables between ET and PMF groups
were compared with Chi-square, numerical variables were compared with Independent Sample Ttest. Kaplan-Meier analysis was used for predictive survival estimation. Significant p value was
accepted as < 0.05.
RESULTS
According to WHO diagnostic criteria published in
2008, 160 cases diagnosed with ET were analyzed
retrospectively. BM biopsy samples obtained during the initial diagnosis were available in 107 cases. 53 cases with inaccessible BM biopsies were
excluded from the study. According to the revised
WHO criteria, 74 of the patients (69.2%) were ET;
33 (30.8%) were diagnosed with pre-PMF.
While hypercellularity was not observed in patients
diagnosed with ET, megakaryocytes were large,
hyperlobuled, and loosely arranged. Reticular fibrosis rarely increased up to grade 1 (Figure 1AB). In the reexamination, the cases we included in
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Figure 1 A, B. Morphological features of essential thrombocythemia and bone marrow fibrosis increased up to grade 1(1A: H&E,
400X, 1B: Gomori reticuline, 400X)

B

A

Figure 2 A, B. Morphological features of primary myelofibrosis and the grade 3 fibrosis in bone marrow (2A: H&E, 200X, 2B: Gomori reticuline, 400X)

the Pre-PMF group had hypercellularity, increased
myeloid/erythroid ratio, increased reticular fibrosis
up to grade 1.
Variable sized megakaryocytes are hypolobe and
have increased nuclear-cytoplasmic rate and intense clusters. (Figure 2A, B) No case with blast
increase was observed with CD34 staining.
The demographic characteristics of the patients are
shown in Table 1.
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The distribution of female/male in cases of ET was
46/28. The mean age was 55.58 ± 16.27. In the
ET cases, 59.46% (44/74) JAK-2 positive; 5.41%
(4/74) CAL-R positive; 2.70% (2/74) MPL positive; 13.51% (10/74) triple-negative were seen.
The distribution of female/male in pre-PMF cases
was 18/15. The mean age was 59.00±16.24. In
the PMF cases, 54.55% (18/33) JAK-2 positive;
3.03% (1/33) CAL-R positive; 6.06% (2/33) MPL
positive; 12.12% (4/33) triple-negative were seen.
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Table 1. Patient Characteristics
n= 107 Mean±SD
Age

56.64±16.26

Gender Female

64 (59.8%)

Male

Min-Max
18-96

43 (40.2%)

Hb

12.75±2.29

5.3-17.00

WBC

10 800±4740

2 000-27530

PLT

998593±315758

899000-1922000

LDH

449.44±279.00

110-1933

Spleen Size

143.10±34.55

70-266

JAK2

62 (57.9%)

MPL

4 (3.74%)

CAL-R

5 (4.7%)

Triple Negative

14 (13.6%)

Arterial thrombosis

1 (0.9%)

risk
Venous thrombosis

20 (18.6%)

risk
ASA Usage

74 (69.2%)

Progression to MF

11 (10.3%)

Progression to AML

8 (7.5%)

There was no significant difference between the
mean age of ET and pre-PMF patients. (p= 0.317).
While Hb and WBC values are within normal
limits in the ET group (Hb: 13.12 ± 2.04, WBC:

10917.03 ± 5 026.07), the mean Hb in the pre-PMF
group is 11.91 ± 2.61; WBC mean was seen as 10
542.42 ± 4 069.32 (p= 0.011 for Hb, p= 0.707 for
WBC). In accordance with the literature, platelet
counts did not differ in both groups (1028497.28 ±
366929.17 vs. 931536.36 ± 309875.50; p= 0.189)
(Table 2).
There was no difference between the two groups
in terms of ASA use (p= 0.324). According to the
literature, pre-PMF patients had larger spleen sizes
(137.82 ± 31.95 vs. 155.16 ± 37.67; p= 0.017).
Serum LDH levels were higher than ET patients
(396.62 ± 190.30 vs. 567.88 ± 393.51; p= 0.003).
There was no significant difference in terms of the
risk of arterial thrombosis (p= 0.502). The risk
of venous thrombosis was higher in the pre-PMF
group (p= 0.009) (Table 2).
The incidence of progression to AML was higher
in pre-PMF patients. (Progression to AML: PMF
15.15%; ET 4.05%; p= 0.044). Progression rates to
MF were similar between two groups (p= 0.268).
The mean duration of progression-free survival in
patients with progression to AML or PMF in prePMF patients was 52.1 ± 7.37 months; ET was
62.44 ± 10.20 months.
The causes of death of the patients were due to
progression to AML in 5 cases and cerebrovascu-

Table 2. Comparison between ET and PMF patients
ET (n= 74)

PMF (n= 33)

p

Age

55.58±16.27

59.00±16.24

0.317

Gender (F/M)

46/28

18/15

0.458

Hb

13.12±2.04

11.91±2.61

0.011

WBC

10917.03±5 026.07

10542.02±4 069.32

0.707

PLT

1028497.28±366 929.17

931536.36±309 875.50

0.189

LDH

396.62±190.30

567.88±393.51

0.003

Spleen Size

137.82±31.95

155.16±37.67

0.017

JAK2

44 (59.46%)

18 (54.55%)

0.634

MPL

2 (2.70%)

2 (6.06%)

0.286

CAL-R

4 (5.41%)

1 (3.03%)

0.708

Triple Negative

10 (13.51%)

4 (12.12%)

0.975

Arterial Thrombosis Risk

1 (1.35%)

0

0.502

Venous Thrombosis Risk

9 (12.16%)

11 (33.33%)

0.009

ASA Usage

49 (66.22%)

25 (75.76%)

0.324

Progression to MF

6 (8.11%)

5 (15.15%)

0.268

Progression to AML

3 (4.05%)

5 (15.15%)

0.044
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lar events in 2 cases. Three of the patients whose
progression to AML was observed according to the
newly revised criteria were pre-PMF, two were diagnosed with ET.
DISCUSSION
As a result of this study, it was determined that Hb
value was low, LDH levels were high, splenomegaly was seen more and the risk of venous thrombosis was increased in PMF patients. In addition, progress to AML was more common than ET patients.
The new edition of the 2016 World Health Organization (WHO) classification system for hematopoietic and lymphoid tissue tumors was published in
September 2017.2 In this review, myeloproliferative neoplasms (MPNs) were revised and divided
into seven subgroups. These are chronic myeloid
leukemia, chronic neutrophilic leukemia, PV, PMF,
ET, chronic eosinophilic leukemia, and unclassifiable MPN (MPN-U). Moreover, according to this
revised classification, myelofibrosis (MF) is divided into two categories. These are: Prefibrotic /
early-stage fibrotic MF (PMF) and overt MF.13
For ET diagnosis according to WHO 2008 criteria
and 2016 update; It was stipulated that a permanently increased platelet count was 450 x 109/L,
no compliance with other myeloid cancer criteria,
bone marrow morphology criteria, and the display
of JAK2 V617F or other clonal markers. All 4 criteria in WHO 2008 are required for diagnosis in
ET. Later, WHO updated the MPN criteria again
in 2016. Accordingly, he added the condition of reticulin fibrosis to be grade one and lower and the
CALR mutation, except for JAK2 V617F mutation,
as the major criteria for bone marrow morphology.
The absence of reactive thrombosis or the presence
of a clonal marker remained as minor criteria.14
Bone marrow morphologies, especially ET, PV,
and PMF can transform into each other, and may
not be strictly differentiated. Reasons such as not
considering the relationship with age in the evaluation of hypercellularity, and the lack of suitable
biopsy sample may decrease the rate of reproducible diagnosis among pathologists. Pre-PMF may
appear like an ET-like phenotype and progress to
over-PMF 3. The reticulin fiber increase men-
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tioned in PMF classification in 2008 was determined as grade 0-1 for pre-PMF and grade 2-3 for
overt PMF in the 2016 revision. Conditions such
as infection, autoimmune disorder or other chronic
inflammatory conditions, hairy cell leukemia or
other lymphoid neoplasms, metastatic malignancy,
or bone marrow fibrosis secondary to toxic (chronic) myelopathies can cause an increase in fibrosis.
It is important to consider all histomorphological
findings together while evaluating these causes. In
a patient who is considered to have myeloproliferative neoplasia, only the most appropriate diagnosis
is made with the combination of clinical, laboratory findings, and molecular tests.
In clinical practice, in patients presenting with
thrombocytosis, it was tried to evaluate whether
laboratory or clinical parameters would help distinguish ET and PMF before performing a BM biopsy.15-17 To identify cases of pre-PMF mimicking ET,
hemoglobin (Hb), white blood cell (WBC) count,
and serum lactate dehydrogenase (LDH) levels
were used separately to generate the algorithm[3].
Also, the left shift (the presence of normoblasts or
myelocytes, metamyelocytes, promyelocytes, or
myeloblasts) in the peripheral smear was hypothetically tested. Splenomegaly is also included in this
algorithm as a clinical parameter. As a result, 2016
revised WHO classification requires at least one of
the clinical criteria for PMF criteria, anemia, leukocytosis, high LDH, and splenomegaly. A study
in Japan found that high LDH levels and splenomegaly were associated with early / prefibrotic
PMF patients.5 In our study, pre-PMF patients were
found to have low Hb value, high serum LDH levels, and significantly larger spleen size.
Molecular tests are needed to support the diagnosis
in a patient who is considered to have ET or PMF
with clinical and laboratory findings. JAK2 V617F
mutation research is recommended first[18]. The
JAK2V617F mutation is 50-60% positive in ET
patients.19 If the JAK2V617F mutation is negative and clinical findings indicate ET, it is recommended to investigate CAL-R, MPL mutations.
Approximately 20-25% of patients diagnosed with
ET have CAL-R gene mutation and 4-8% MPL
gene mutation.20,21 However, JAK-2 exon-12 (35%) mutation, which is detected in a small number
of patients with PV, is not observed in ET cases.19
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In addition, all three mutations are not seen in 20%
of ET patients and this group is called “triple-negative”.22 The most common mutations in this group
called ‘triple-negative’ are ASXL1, EZH2, TET2,
IDH1 / IDH2, SRSF2, SF3B1 in the 2016 WHO
classification.1 Regarding MPNs, the 2016 WHO
revised classification specifically focused on the
diagnostic criteria of MPNs (PV, ET, and MF) associated with the JAK2 / CAL-R / MPL mutation.
In this context, it is aimed to facilitate the distinction between JAK2 / CAL-R / MPL positive ET
and PMF with the 2016 WHO revised criteria. In
our study, it was found that there was no significant difference between the groups, although gene
positivity rates were compatible with the literature.
In selected patients, PMF or other MPNs are likely
to indicate a high risk of venous thrombosis, such
as age > 60 years, general cardiovascular risk factors (hypertension, diabetes, smoking), leukocytosis, and JAK2V617F mutation.23 When microvascular symptoms (e.g. erythromelalgia) occur, a
low dose of aspirin (100 mg per day) may be considered, provided that the high risk of bleeding is
excluded. In patients who have had a previous vascular event, low-dose ASA is recommended for venous thrombosis.24 In our study, the risk of venous
thrombosis was found to be significantly higher in
PMF patients.
Compared to ET, survival is shorter, progress to
MF, and conversion to the blastic phase are more
common in pre-PMF.15 Pre-PMF patients tend to
have a significantly lower overall survival, a higher risk of evolution, and a higher risk of leukemic
evolution to overcome myelofibrosis compared to
ET patients.4 In our cohort, there was no significant
difference for progression to MF, whereas progression to AML was higher in the pre-PMF group.
In addition, progression-free survival times were
shorter in the pre-PMF group.
The study has some limitations. The first is that the
study was obtained from retrospective data. In addition, low number of cases and biopsy metarials is
another limitation.
Conclusion
In conclusion, approximately 30% of patients previously diagnosed with ET consisted of pre-PMF
144

patients. Anemia, high LDH level, and splenomegaly are parameters that can be used in the differential diagnosis of PMF. Due to the difference in progression and survival times, differential diagnosis
of ET and pre-PMF is very important and should
be confirmed by experienced clinicians

REFERENCES
1.

Barbui T, Thiele J, Gisslinger H, et al. The 2016 WHO classification and diagnostic criteria for myeloproliferative neoplasms: document summary and in-depth discussion. Blood
Cancer J 8: 15, 2018.

2.

Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to
the World Health Organization classification of myeloid neoplasms and acute leukemia. Blood 127: 2391-405, 2016.

3.

Thiele J, Kvasnicka HM, Müllauer L, et al. Essential thrombocythemia versus early primary myelofibrosis: a multicenter
study to validate the WHO classification. Blood 117: 57105718, 2011.

4.

Barbui T, Thiele J, Passamonti F, et al. Survival and disease
progression in essential thrombocythemia are significantly influenced by accurate morphologic diagnosis: an international
study. J Clin Oncol 29: 3179-3184, 2011.

.5.

Kamiunten A, Shide K, Kameda T, et al. Early/prefibrotic primary myelofibrosis in patients who were initially diagnosed
with essential thrombocythemia. Int J Hematol 108: 411-415.
2018.

6.

Haznedaroglu IC. The therapeutic goals of essential thrombocythemia under the clouds of over-treatment and undertreatment. Expert Opin Pharmacother 14: 1431-1436, 2013.

7.

Finazzi G, Carobbio A, Thiele J, et al. Incidence and risk factors for bleeding in 1104 patients with essential thrombocythemia or prefibrotic myelofibrosis diagnosed according to
the 2008 WHO criteria. Leukemia 26: 716-719. 2012.

8.

How J, Hobbs GS. A Practical Guide for Using Myelofibrosis
Prognostic Models in the Clinic. J Natl Compr Canc Netw 18:
1271-1278. 2020.

9.

Tefferi A, Vardiman JW. Classification and diagnosis of myeloproliferative neoplasms: the 2008 World Health Organization criteria and point-of-care diagnostic algorithms. Leukemia 22: 14-22, 2008.

10. Jang MA, Seo MY, Choi KJ, et al. A Rare case of essential
thrombocythemia with coexisting JAK2 and MPL driver mutations. J Korean Med Sci 35: e168, 2020.
11. Soliman EA, El-Ghlban S, El-Aziz SA, et al. JAK2, CALR, and
MPL mutations in Egyptian patients with classic Philadelphianegative myeloproliferative neoplasms. Clin Lymphoma Myeloma Leuk 20: e645-e651, 2020.

UHOD

Number: 3 Volume: 31 Year: 2021

International Journal of Hematology and Oncology
12. Gianelli U, Vener C, Bossi A, et al. The European Consensus
on grading of bone marrow fibrosis allows a better prognostication of patients with primary myelofibrosis. Mod Pathol 25:
1193-202, 2012.

22. Cabagnols X, Favale F, Pasquier F, et al. Presence of atypical
thrombopoietin receptor (MPL) mutations in triple-negative
essential thrombocythemia patients. Blood 127: 333-342,
2016.

13. Barbui T, Thiele J, Ferrari A, et al. The new WHO classification
for essential thrombocythemia calls for revision of available
evidences. Blood Cancer J 10: 22, 2020.

23. Buxhofer-Ausch V, Gisslinger H, Thiele J, et al. Leukocytosis
as an important risk factor for arterial thrombosis in WHOdefined early/prefibrotic myelofibrosis: an international study
of 264 patients. Am J Hematol 87: 669-672, 2012.

14. Tefferi A, Barbui T. Polycythemia vera and essential thrombocythemia: 2017 update on diagnosis, risk-stratification, and
management. Am J Hematol 92: 94-108, 2017.
15. Rumi E, Boveri E, Bellini M, et al. Clinical course and outcome
of essential thrombocythemia and prefibrotic myelofibrosis
according to the revised WHO 2016 diagnostic criteria. Oncotarget 8: 101735-101744, 2017.
16. Jeryczynski G, Thiele J, Gisslinger B, et al. Pre-fibrotic/early
primary myelofibrosis vs. WHO-defined essential thrombocythemia: The impact of minor clinical diagnostic criteria on
the outcome of the disease. Am J Hematol 92: 885-891,
2017.
17. Zaidi U, Sufaida G, Rashid M, et al. A distinct molecular mutational profile and its clinical impact in essential thrombocythemia and primary myelofibrosis patients. BMC Cancer
20: 205, 2020.
18. Vardiman JW, Thiele J, Arber DA, et al. The 2008 revision
of the World Health Organization (WHO) classification of myeloid neoplasms and acute leukemia: rationale and important
changes. Blood 114: 937-951, 2009.
.19. Passamonti F, Elena C, Schnittger S, et al. Molecular and
clinical features of the myeloproliferative neoplasm associated
with JAK2 exon 12 mutations. Blood 117: 2813-2816. 2011.
20. Ding J, Komatsu H, Wakita A, et al. Familial essential thrombocythemia associated with a dominant-positive activating
mutation of the c-MPL gene, which encodes for the receptor
for thrombopoietin. Blood 103: 4198-200, 2004.

24. Finazzi G, Vannucchi AM, Barbui T. Prefibrotic myelofibrosis:
treatment algorithm 2018. Blood Cancer J 8: 104, 2018.

Correspondence:
Dr. Sude Hatun AKTIMUR
Saglik Bilimleri Universitesi
Samsun Egitim ve Arastirma Hastanesi
Kisla, Baris Bulvari No: 199
55090 Ilkadim
SAMSUN / TURKEY
Tel: (+90-532) 668 56 46
e-mail: sudehatun@yahoo.com

ORCIDs:
Sude Hatun Aktimur

0000-0002-7468-1721

Deniz Baycelebi

0000-0001-6687-7073

Ahmet Kursad Gunes

0000-0001-5522-8342

Levent Yildiz

0000-0001-5516-7172

Mehmet Turgut

0000-0002-1545-3892

21. Pardanani AD, Levine RL, Lasho T, et al. MPL515 mutations
in myeloproliferative and other myeloid disorders: a study of
1182 patients. Blood 108: 3472-3476, 2006.

UHOD

Number: 3 Volume: 31 Year: 2021

145

