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Abstract

Introduction: We prospectively studied bone marrow histology in newly diagnosed and previously untreated patients with my-
eloproliferative neoplasms (MPN) caused by the driver mutations JAK2V617F, MPL515 and calreticulin (CALR), who were diagnosed 
according to established European Clinical Molecular and Pathological (ECMP) criteria. 
Results: Bone marrow histology in JAK2V617F mutated essential thrombocythemia (ET) and prodromal PV are pathognomonic fea-
tured by clustered large pleomorphic megakaryocytes and hypercellularity (60% to 90%) due to increased erythropoiesis. MPL515 
mutated thrombocythemia is the second distinct clonal thrombocythemia with large to giant large mature megakaryocytes and 
hyperlobulated staghorn-like nuclei in a normocellular bone marrow, which are not seen in JAK2V617F ET and PV and CALR thrombo-
cythemia. CALR mutated thrombocythemia is the third distinct thrombocythemia related to primary megakaryocytic, granulocytic 
myeloproliferation (PMGM) and featured by immature megakaryocytes with cloud-like hyperchromatic dyslobulated or hyperlobu-
lated nuclei, which are not seen in MPL515 mutated ET and JAK2V617F mutated ET and PV.
Conclusion: Pretreatment bone marrow histopathology findings in newly diagnosed MPN patients are of pathognomonic diagnostic 
significance for the differentiation between JAK2V617F mutated trilinear MPNs of ET and PV versus MPL515 normocellular thrombocy-
themia and CALR mutated normocellular and hypercellular thrombocythemia with PMGM characteristics. All three clonal JAK2V617F, 
MPL515 and CALR mutated thrombocythemic MPNs are followed by various degrees of anemia, splenomegaly and secondary reticulin 
fibrosis during longterm follow-up. 
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Abbreviations
ET: Essential Thrombocythemia; PV: Polycythemia Vera; MF: My-
elofibrosis; MPN: Myeloproliferative Neoplasms; ECMP: European 
Clinical Molecular and Pathological Criteria of MPN; PVSG: Poly-
cythemia Vera Study Group; WHO: World Health Organization;  
PMGM: Primary Megakaryocytic Granulocytic Myeloproliferation; 
PTH: PVSG Defined Primary Thrombocythemia Hemorrhagica; 
LAP: Leukocyte Alkaline Phosphatase Stain; ESR: Erythrocyte Sed-
imentation Rate; MPV: Mean Platelet Volume; MPN: Myeloprolif-
erative Neoplasm; MDS: Myelodysplastic Syndrome; CML: Chronic 
Myeloid Leukemia; BM: Bone Marrow; CALR: Calcireticulin: TPOR: 
Thrombopoietin Receptor.

Introduction
The European Clinical Molecular and Pathological (ECMP) cri-

teria for erythrocythemic and polycythemic stages of PV include 
erythrocytes above 6x1012/L, increased leukocyte alkaline phos-
phatase (LAP) score (increased CD11b expression), normal or 
increased platelets, leukocytes and spleen size, and bone marrow 
characteristics of increased pleomorphic large megakaryocytes 
and erythropoiesis (table 1) [1,2]. The clinical and bone marrow 
histology features of 1975 PVSG defined Primary Thrombocythe-
mia Hemorrhagica with platelet counts above 1000x109/L has 
been described in great detail by Thiele., et al. in 1988 as clearly 
distinct from PVSG defined PV [3,4]. The peripheral blood find-
ings in PVSG defined PTH are featured by high platelet counts, 
normal values for haemoglobin, haematocrit, erythrocyte, white 
blood cells, LAP score, LDH and no or minor  splenomegaly despite 
platelet counts above  1000x109/L5. The megakaryocyte leu-
kemia (ML) defined by Dameshek in 1951 and the PVSG defined 
PTH are similar and based on the demonstration of megakaryo-
cytic myeloproliferations without PV features and typically reveal 
large to giant megakaryocytes, much larger than in ET preceding 
PV and in classical PV (table 1) [3-5]. The ECMP classification of 
JAK2V617F mutated trilinear MPN consists of a broad spectrum 
of normocellular ET, ET with features of PV including prodromal 
PV and masked PV and hypercellular classical PV followed by post-
PV myelofibrosis (table 1). Hypercellular ET due to primary mega-
karyocytic/granulocytic myeloproliferation (PMGM, table 1) has 
no features of PV related to primary megakaryocytic granulocytic 
myeloproliferation and is the third distinct entity of thrombocy-
themia [5-7]. Bone marrow histology in ECMP defined prodromal 
PV mimicking ET and classical PV is typically featured by medium 
sized to large pleomorphic megakaryocytes with hyperploid nuclei 
in a hypercellular bone marrow due to increased erythropoiesis or 
increased trilinear erythrocytic, megakaryocytic and granulocytic 
myeloproliferation6.  As myelofibrosis (MF) is a secondary event 
in all clonal variants of myeloproliferative disorders, the term pri-

mary myelofibrosis (PMF) used by the 1975 PVSG and 2008-2016 
WHO classifications is a misconception because bone marrow fi-
brosis (myelofibrosis - MF) is a secondary event in all variants of 
clonal MPN [7,8]. ECMP defined CALR mutated thrombocythemia 
related to PMGM within the PVSG defined cohort of JAK2/MPL wild 
type ET is dominated by an increase of clustered atypical dysmor-
phic megakaryocytes due to increases of cellular and nuclear size 
and bulky nuclei with irregular roundish shaped form (so-called 
cloud-like nuclei), which are never described in JAK2V617F mutated 
ET and PV [4-6]. 

Bone marrow histopathology to diagnose, characterize and 
stage MPN

Professionally performed representative biopsies from the iliac 
crest with an orthograde direction of the trephine were performed 
as a main prerequisite for bone marrow diagnosis of myeloprolifer-
ative neoplasms (MPNs) [1-5]. Fixation of the specimens is usually 
carried out in an aldehyde solution of low concentration (2%-3%), 
or preferentially, in a mixture containing 2 ml of 25% glutaralde-
hyde, 3ml of 37% formaldehyde, 1.58 g anhydrous calcium acetate 
and distilled water per 100 mL. For achievement of optimal qual-
ity for enzyme- and or immunochemistry, any acid medium has to 
be avoided, including so-called acid-fast decalcifying solutions. The 
next step normally consists of paraffin embedded and employment 
of several staining techniques routinely involving Giemsa, hema-
toxylin and eosin (H&E), PAS (periodic acid Schiff reagent), naph-
tol-AS-D-chloroacetate esterase, Pearls’ reaction for iron and silver 
impregnation method, following Gomori’s techniques [1-5]. For a 
specific staining of marrow cells, a number of monoclonal antibod-
ies have been recommended: CD61 (antiplatelet Glycoprotein IIIa) 
or CD66 for the identification of megakaryocytes including precur-
sors (promegakaryoblasts and megakaryoblasts) and CD71 to stain 
selectively erythropoiesis and erythroid progenitor cells. Major 
histopathology features defining the early and advanced stages in 
each of the MPNs subtypes include bone marrow cellularity related 
to various degrees of increased/decreased erythropoiesis and/or 
granulopoiesis, and more importantly the diagnostic differences 
of megakaryocyte number, size, morphology and clustering in the 
various MPDs ET, PV and PMGM [1-6]. The content of reticulin and 
collagen fibrosis and pattern of density of the reticulin fiber con-
tent do contribute significantly in defining the MPN stage in each 
patient at time of first diagnosis for the purpose of prognostic pre-
diction. Detailed blood and bone marrow features have been ex-
plicitly described in great detail by the 2005-2018 ECMP classifica-
tions for each of the JAK2V617F mutated trilinear MPNs including ET, 
prodromal PV, masked PV, classical PV and post-PV myelofibrosis 
clearly distinct from MPL515 and CALR mutated thrombocythemia 
and myelofibrosis (Table 1) [1-8].
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ECMP criteria ET vs PV

A1: Erythrocyte count below in ET and above 6x1012/L in PV 
patient. Levels below or above normal values for hemoglobin in ET 
and PV respectively. 

A2: Persistent increase of platelet count grade I 400-1000, grade II 
>1000x109/L

A3: Splenomegaly on ultrasound or CT (>12 cm) or splenomegaly 
on palpation

A4: Granulocytes >10x109/L or leukocytes >12x109/L and raised 
LAP score >100 and no increase of ESR

A5: Presence of JAK2V617F mutation

A6: Low plasma or serum EPO level and Sponataneous erythroid 
colony (EEC) formation.

ECMP criteria for MPL515 Thrombocythemia

A1: Persistent increase of platelet count grade 1 400-1500, grade 
II > 1500x109/L

A2: No or minor splenomegaly on echogram, Normal LAP score, 
normal serum EPO

A3: Spontaneous megakaryocyte colony formation (CFU-Meg)

A4: Presence of MPL515 mutation

A5: No preceding or allied other subtype of MPN, PV, MDS or CML.

ECMP criteria CALR Thrombocythemia

A1: Thrombocythemia with no preceding or allied other subtype 
of MPN, PV, CML or MDS

A2: Presence of CALR mutation

Early clinical stage: Normal hemoglobin, or anemia: hemoglobin 
>12 g/dL, slight or moderate splenomegaly; >12 cm on ultrasound 
or CT. 

Intermediate clinical stage: Anemia, hemoglobin > 10 g/dL, defini-
tive leuko-erythroblastic blood picture and/or tear-drop erythro-
cytes. Splenomegaly, no adverse signs

Advance clinical stage: Anemia grade III, hemoglobin<10 g/dL, 
significant splenomegaly and one or more adverse signs

Pathological criteria ET vs PV

BM: Normal cellularity in ET to increased cellularity in PV due to 
increased erythropoiesis or due to trilinear myeloproliferation 
of megakaryopoiesis, erythropoiesis and granulopoiesis (e.g. 
panmyelosis). Proliferation of small medidium sized and large 
(pleomorphic) megakaryocytes. Absence ofstainable iron, No or 
slight increase of reticulin fibers. 

A1: + BM and none of the others is JAK2 V617F mutated idiopathic 
erythrocythemia: IE not meeting the WHO criteria

A2: + BM and none of the others is JAK2 V617F mutated ET and ET 
with features of PV is prodromal PV with erythrocytes below 
6x109/ll.

A3: moderate to marked splenomegaly and BM and is JAK2 V617F 
masked PV

A1: + BM plus A5 and BM is classical JAK2 V617F PV

Pathological criteria for MPL515 Thrombocythemia

BM: Predominant proliferation of enlarged to giant mature 
megakaryocytes wit hyperlobulated staghorn-like nuclei and 
mature cytoplasm, lacking conspicious cytological abnormalities

Normal cellularity, granulopoisis and erythropoiesis

No or increase in reticulin fibers (RF)

The combination of A1 and BM establish MPL515 mutated normo-
cellular ET. 

Pathological criteria for CALR PMGM

BM: Primary Megakaryocytic or megakaryocytic and granulocyt-
ic myeloproliferation (PMGM) and relative or absolute reduction 
of erythropoiesis (erythroid precursors. Abnormal clustering 
and increase of atypical immature medium-sized large to giant 
megakaryocyte containing (Cloud-like) nuclei and definitive 
maturation defects.
Staging of myelofibrosis: MF in ET, PV and PMGM
MF 0: No reticulin fibrosis RF 0/1
MF 1: Slight reticulin fibrosis RF 2

MF 2: Marked increase RF grade 3 and slight to moderate  
collagen fibrosis

MF 3: Advanced collagen fibrosis-osteosclerosis.

Table 1: European Clinical Molecular and Pathological (ECMP) criteria of JAK2V617F, MPL515 and CALR mutated myeloproliferative  
neoplasms (MPN) according to Michiels and De Raeve as the extension of the 2000-2005 European Clinical and Pathological (ECP) 
criteria [3-6] for the diagnosis of polycythemia vera (PV) [1,2,6], ET [3-6] and primary megakaryocytic granulocytic myeloproliferation 
(PMGM) [5-8]. 

In 2015 Michiels., et al. described the essential differences in 
bone marrow histopathology features of differential diagnostic 
significance between patients with MPL515 mutated (N=12) versus 
JAK2V617F mutated MPN [6]. The bone marrow histology findings in 

Bone marrow histology in MPL515 mutated normocellular ET figure 1 from our recent case with MPLW515L mutated ET displayed 
the presence of clustered large and giant megakaryocytes with 
deeply lobulated stag-horn like nuclei as pathognominic for MPL515 
mutated thrombocythemia. MPL515 mutated ET have no clinical, 
laboratory and bone marrow features of prodromal PV at diagnosis 

Citation: Jan Jacques Michiels., et al. “Bone Marrow Histopathology is of Differential Diagnostic Significance in Prefibrotic JAK2V617F Mutated Essential 
Thrombocythemia and Polycythemia Vera Versus MPL515 and CALR Mutated Thrombocythemia with Various Degrees of Secondary Reticulin Fibrosis”. Acta 
Scientific Cancer Biology 3.9 (2019): 29-36.



32

Bone Marrow Histopathology is of Differential Diagnostic Significance in Prefibrotic JAK2V617F Mutated Essential Thrombocythemia and Poly-

cythemia Vera Versus MPL515 and CALR Mutated Thrombocythemia with Various Degrees of Secondary Reticulin Fibrosis

Figure 1: JAK2 wild type MPL515 mutated thrombocythemia with 
loose or dense clustered small, large and giant mature mega-
karyocytes with hyperlobulated, “stag-horn” hyperlobulated nu-
clei. Case 1, upper panel and case 2, lower panel provided by Dr. 
Vannucchi, Florence, Italy [9] (table 1) consistent with ECMP de-
fined normocellular MPLW515L mutated thrombocythemia show-
ing large, giant mature megakaryocytes with hyperlobulated 
stag-horn like nuclei (Table 1). Source Michiels., et al. 2015 [6].

Figure 2: Standardized set of bone marrow histology in a case 
of MPL515 mutated thrombocythemia (hemoglobin 13.1 g/dL, 
hematoctit 0.40, erythrocytes unknown, leukocytes 8.2x10/L, 
platelets 802x109/L, no splenomegaly) showing normocellular 
bone marrow,. loosely clustered larged megakaryoctyes with hy-
persegmented nuclei, normal erythropoiesis (CD71 stain), nor-
mal granulopoiesis and slight increase in reticuline fibers with a 
few crossing-overs RF grade 2.

Figure 3: Standardized set of bone marrow histology in a case 
MPL515 mutated thrombocythemia ((hemoglobin 11.3 g/dL, he-
matoctit 0.34, erythrocytes 3.6x1012/L, leukocytes 7.8x10/L, 
platelets 678x109/L, no splenomegaly) showing a normocellular 
bone marrow, enlarged megakaryoctyes, decreased erythropoi-
esis (CD71 stain), normal granulopoiesis and no increase in reti-
culine fibers (RF grade 0). 

(table 1), do not evolve into PV during follow-up, and have normal 
LAP score, serum EPO and ferritin levels [3,9-11]. Large to giant 
mature megakaryocytes with hyperlobulated stag horn nuclei (fig-
ure 1) are not seen in JAK2V617F positive ET, prodromal PV, and clas-
sical PV (figure 2). The pleomorphic medium sized to large mega-
karyocytes in JAK2V617F mutated ET, prodromal PV and classical PV 
in bone marrow smears and bone marrow biopsy are comparable 
regarding size and degree of pleomorphy (figure 2). There is local 
increase of erythropoiesis in areas of loose clustered pleiomorphic 
megakaryoctyes in JAK2V617F mutated ET (Figure 2) and in ET with 
features of PV (prodromal PV) [11]. Laboratory and bone marrow  
histology evaluations have the diagnostic potential to separate the 
JAK2V617F mutated normocellular ET and prodromal hypercellular 
PV and classical PV with increased score for leukocyte alkaline 
phosphatase (LAP) stain, low serum EPO and pleomorphic mega-
karyocyte morphology from MPL515 mutated normocellular ET 
with normal LAP score and serum EPO and giant megakaryocytes 
with staghorn-like  nuclei (table 1) [4-6]. The natural history of 
MPL515 normocellular ET is featured by decreased cellularity due 
to decreased erythropoiesis and increase of reticulin fibrosis from 
grade 0 to grade 1, 2 and 3 (Figures 2, 3 and 4).
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Figure 4: JAK2 wild type MPL515 mutated thrombocythemia in 
case 3 provided by by Dr. Vannucchi, Florence, Italy [9] diagnosed 
as normocellular ET with the presence of clustered large and gi-
ant megakaryocytes, decreased celllarity (45%) and increase of 
reticulin fibrosis grade 2/3 (RF 2/3). Such increase of RF grade 
3 in a low cellular (45%) bone marrow has never been observed 
seen in JAK2V617F mutated ET and PV (figures 5 and 6) and also 
not in early stage CALR mutated hypercellular ET associated with 
PMGM as the third MPN entity (figure 7).
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Since the discovery in 2013 by Kralovics of the CALR muta-
tion as a distinct MPN entity within PVSG defined JAK2/MPL wild 
type ET and MF patients [14-20], we studied thirteen consecutive 
cases of newly diagnosed CALR mutated ET and found consistent 
bone marrow characteristics of hypercellular ET as the present-
ing feature of prefibrotic and fibrotic stages of PMGM as recently 
published in great detail [21]. Bone marrow histology in typical 
prefibrotic CALR ET (figure 3) show dysmorphic megakaryocytes 
with definite abnormalities of maturation with bulky (bulbous) 
hyperchromatic nuclei and some disturbances of the nuclear cy-
toplasmic ratio consistent with CALR mutated PMGM, which are 
not seen in MPL515 mutated ET (figure 1) and also not in JAK2V617F 
mutated ET, prodromal PV and classical PV (figure 2). The present-
ing features of a 37-years-old woman diagnosed as PVSG defined 
JAK2/MPL wild type hypercelluar ET (platelets 1205 x109/L, Hb 
12.5 g/dl, leukocytes 18 x109/L, borderline LDH, minor spleno-
megaly) was diagnosed by Michiels in the 1990s as ECMP primary 

Bone marrow histology in CALR mutated JAK2 wild type ET 
and MF

megakaryocytic granulocytic myeloproiferation (PMGM, figure 4 
[7,8]) was found to be CALR positive in 2014 consistent with the 
ECMP defined CALR thrombocythemia realed to PMGM (table 1). 
The natural history of CALR mutated thrombocythemia associated 
with PMGM as the third distinct MPN entity is featured by progres-
sive anemia related to splenomegaly, reduction of bone marrow 
eythropoiesis and progressive increase of reticulin fibrosis grade 1 
to grade 3 (figures 7, 8 and 9). 

JAK2V617F mutated ET patients in the study of Piche., et al. [12] 
and Michiels., et al. [13] have PV-like morphological bone marrow 
changes of medium sized to large pleomorphic megakaryocytes 
similar to our findings in newly diagnosed JAK2V617F mutated ET 
and PV patients (Figure 5). JAK2V617F mutated prodromal PV pa-
tients have low serum EPO, increased LAP score, and increased 
bone marrow cellularity due to increased erythropoiesis. Increase 
of trilinear erythropoiesis, megakaryopoiesis and granulopoiesis 
(EMG) is the hallmark of classical prefibrotic JAK2V617F mutated 
PV (Figure 6, Table 1) at time of first diagnosis with no or minor 
splenomegaly. Progressive increase of JAK2V617F allele burden up to 
90 to 100%, splenomegaly and increased serum LDH levels, CD34+ 
circulating cells are more pronounced in advanced JAK2V617F mu-
tated masked PV or post-PV myelofibrosis [6,13]. MPL515 mutated 
thrombocythemia patients have normal blood values for serum 
EPO, ferritin levels and LAP score [9,10]. The prevalence of MPL515 
mutated MPN patients ranges from 5 to 10% of the JAK2 wild type 
MPN population [9-11]. 

Dr Kralovics and his team of scientific investigators in Vienna, 
Austria first described the occurrence of calreticulin (CALR) muta-
tion in 78 of 311 (25%) ET patients and   in 72 of 203 (35%) MF 
patients and in none of 382 PV patients [14]. The high frequency of 
CALR mutated MPN in JAK2/MPL wild type ET and MF was rapidly 
confirmed by Nangalia., et al. [15] and by Rumi., et al. [16,17]. CALR 
mutated thrombocythemia and myelofiborsis are mutually exclu-
sive for both the JAK2V617F and MPL mutations [15-17]. Nangalia., 
et al. found somatic CALR mutations in 110 of 158 JAK2/MPL wild 
type MPN, including 80 of 112 (70%) ET patients, 18 of 32 (56%) 
MF patients [15]. CALR exon 9 mutations were found in 26 of 31 
(84%) patients with JAK2/MPL wild type MF. CALR exon 9 muta-
tions were absent in all 120 patients who had JAK2V617F or MPL 
mutations. CALR mutations were identified in 10 of 120 (8%) MDS 
patients (RA in 5 of 53, RARS in 3 of 27 and RAEB-T in 2 of 27), and 
in one patient each with CMML and atypical CML. 

Discussion
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Figure 5: Heterozygous JAK2V617F mutated ET (Table 1, hemoglo-
bin 10.5 mmol/l, hematocrit 0.48, erythrocytes 5.4x1012/L, leuko-
cytes 8.2x109/L, platelets 820x109/L, no splenomegaly) at time of 
diagnosis in 1995 showing a typical ET bone marrow picture with 
slightly increased cellularity (60%) due to increased erythropoi-
esis and reticulin fibrosis RF grade 1 in an asymptomatic case on 
maintained low dose aspirin  with a more than 20 years history of 
stable heterozygous JAK2V617F mutated ET disease. Case provided 
by Dr Michiels and Dr De Raeve, University Hospital Brussels, Bel-
gium [17].

Figure 6: Homozygous JAK2V617F mutated polycythemia vera 
(PV, Table 1, hemoglobin 10.5 mmol/l, hematocrit 0.48, eryth-
rocytes 5.4x1012/L, leukocytes 8.2x109/L, platelets 820x109/L, 
no splenomegaly) at time of diagnosis in 2001 showing a typical 
PV  bone marrow picture with increased cellularity (90%) due to 
increased erythropoiesis and reticulin fibrosis RF grade 1. Case 
provided by Dr Michiels and Dr De Raeve, University Hospital 
Brussels, Belgium [17].

The bone marrow findings in our Dutch Belgian study of CALR 
mutated ET and MF in figures 7, 8, 9 and 10 show dense clusters 
of large immature megakaryoctes with immature cloud-like nu-
clei, which clearly differ from the pleomorphic megakaryocytes in 
JAK2V617F mutated ET and PV and from the giant megakaryocytes 
with hyperlobulated staghorn-like nuclei in MPL515 mutated nor-
mocellular thrombocythemia  (figure 1) [6].

The Dutch Belgian study documented that CALR-mutated nor-
mocellular and hypercellular thrombocythemia indeed is the third 
distinct MPN entity without features of PV at time of diagnosis 
and during follow-up [14-20].  The present bone marrow histol-
ogy study supports the new concept of at least five ECMP defined 
clonal  myeloproliferative neoplasms (MPN) and transitional states 
(figure 5): JAK2V617F mutated ET, prodromal PV, classical and ad-
vanced PV; JAK2exon 12 mutated IE and PV;  MPL515 mutated ET and 
MF; and  CALR mutated ET and MF and triple negative ET and MF 
[6,14-20].  Each of the five clonal MPN show distinct bone marrow 
features at diagnosis and during follow-up. MPN disease burden is 
best reflected by the degree of anemia and splenomegaly on top 
of mutation allele burden, bone marrow cellularity and increase of 
reticulin fibrosis [15-20]. Prospective validation studies are war-
ranted to confirm and amend the proposed ECMP classification.

Figure 7: Clinical case of a 24 year man diagnosed in 2014 as 
JAK2/MPL wild type calcreticulin (CALR) mutated ET, who pre-
sented with normal values for hemogobin, hematocrit and eryth-
rocytes, increased platelet count of 1832x109/L and slight sple-
nomegaly (16 cm lenght diameter on echogram). Bone marrow 
histology revealed a hypercellular with relative decrease of eryth-
ropoiesis, dense cluster of immature megakaryocytes with hyper-
chromatic dyslobulated nuclei and no increase of reticulin fibrosis 
(RF grade 0) consistent with PMGM (Table 1). Case provided by 
Dr Valster, Dr Potters and Dr Schelfout, Bravis Hospital Bergen op 
Zoom, Netherlands.
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Figure 8: Clinical case of CALR muated thrombocythemia in a 
37-years old woman (asymptomatic except fatigue) with JAK2/
MPL wild type thrombocythemia in 2006/2008: platelets 1205 
x10/9/L, Hb 12.5 g/dl, leukocytes 18 x109/L, borderline LDH, 
spleen size 13 cm on echogram (normal value <12cm) as the pre-
senting of PMGM with reticulin fibrosis grade 2 could be diag-
nosed in 2014 as ECMP defined CALR mutated thrombocythemia 
with secondary myelofibrosis in 2014 (Table 1). Source Michiels., 
et al. 2015 [6].

Figure 9: Standardized set of bone marrow histology in a case 
of CALR mutated PMGM and MF with anemia and splenomegaly 
featured by dense clustered immature large megakaryocytes 
with immature cloud-like nuclei and increased reticulin fibrosis 
RF grade 2.

Figure 10: Bone marrow histology in a 68 year-old man who pre-
sented with fatigue, transfusion dependent anemia (hemoglobin 
4.2 mmol/L), asymptomatic splenomegaly and CALR mutated ad-
vanced stage myelofibrosis (CALR MF) featured by a hypocellular 
bone marrow, with clusters of immature dysmorphic megakaryo-
cytes and advanced reticulin fibrosis (RF 4).

Figure 11: 2018 update of ECMP Classification and translational 
states of three distinct JAK2V617F, MPL515 and CALR mutated clonal 
Myeloproliferative Neoplasms (MPNs), JAK2 exon 12 mutated 
IE and PV and triple negative MPN designed by Michiels and De 
Raeve.
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