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mutated versus MPL and CALR mutated essential thrombocythemia and
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Abstract

Bone marrow histology in JAKS''F mutated patients with myeloproliferative neoplasm
(MPN) in essential thrombocythemia (ET) and polpeyhia vera (PV) are similar and
featured by clustered medium to large pleomorphegakaryocytes and increased cellularity
(60% to 90%) mainly due to increased erythropoiddBL>*® mutated ET or ‘True’ ET is a
distinct clonal MPN entity with large to giant l&rgto giant megakaryocytes and
hyperlobulated staghorn-like nuclei in a normodalione marrow without features of PV or
primary megakaryocytic, granulocytic myeloprolifeoa (PMGM). Bone marrow histology
in calreticulin (CALR) mutated hypercellular ET ealed a typical PMGM bone marrow with
dysmorphic immature megakaryocytes and cloud-likelei, which are not seen in MP{
mutated ET and JARS?F mutated ET and PV.

I ntroduction

The clinical and bone marrow histology featurestafe” ET has been recognized by
Thiele et al in 1988 and 2005 as clearly distinatf P\*. The peripheral blood findings in
“true” ET are featured by high platelet counts,mal values for haemoglobin, haematocrit,
erythrocyte, white blood cells, LAP score, LDH and or minor splenomegaly despite
platelet counts above 1000XA0". The megakaryocytes in “true” ET are larger tharPV
(table 133 In 2002 Michiels & Thiele have defined and digtiished normocellular “true”
ET as a distinct MPN entity different from PV angpkrcellular ET associated with
prefibrotic primary myelofibrosis (pPMF) or primarynegakaryocytic granulocytic
myeloproliferation (PMGM, table 1)Bone marrow histology in PV is typically featurby
large pleomorphic megekaryocytes with hyperpluidtliei in a hypercellular bone marrow
due to increased erythropoiesis or increased ayytic-megakaryocytic-granulocytic
(trilinear) myeloproliferatioh Hypercellular ET associated with prefibrotic paim
myelofibrosis (pPMB) or primary megakaryocytic granulocytic myelopfelation (PMGM)
is dominated by an increase of clustered atypigambrphic megakaryocytes due to
increases of cellular and nuclear size and bulkglaauwith clumsy lobuli and irregular
roundish shaped form (so-called cloud-like nucleihich are never described in JAK2
mutated ET and P/,
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Bone marrow histology in MP mutated nor mocellular ET

Bone marrow histology from a patient with JAK2 wilghe ET carrying the MPF>*°"
mutation displayed clusters large megakaryocytesh wa greater number of giant
megakaryocytes with hyperlobulated stag-horn nualel normal cellular bone marrow and
no increase of erythropoiesis (figure 1). We relgedescribed the essential differences in
bone marrow histopathology features of differenti@gnostic significance between patients
with MPL>*® mutated (N=12) versus JAKZ'" mutated MPN (N=12) (figure 2)First, The
presence of clustered small and giant megakarysoyith deeply lobulated stag-horn like
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nuclei (figure 1) in ET carrying the MPE> mutation are not seén JAK positive ET,

prodromal PV, and classical PV  (figure 2Jhe pleomorphic medium to large

F mutated ET and PV in bone marrow smears and bareom

megakaryocytes in JAK.
biopsy were similar in size and pleomorphy (fig@je Second, there was local increase of
erythropoiesis in areas of loose clustered pleigior megakaryoctyes in normocelluar ET
and prodromal PV (figure 2), which is not seen iIM" mutated ET (figure 1)Third,
JAK2 wild type MPI>*®> mutated ET have no clinical, laboratory and boraerow features of
prodromal PV at diagnosis (table 1), do not evahte PV during follow-up, and have normal
LAP score, serum EPO and ferritin levels Laboratory and bone marrow histology
evaluations have the diagnostic potential to sepane JAKY®’F mutated ET and prodromal
PV with increased LAP score, low serum EPO andrmtaphic megakaryocyte morphology
from MPL>**mutated ET with normal LAP score and serum EPOgiadt megakaryocytes

with staghorn-like nuclei similar to “true” ET fike 1)
Bone marrow histology in CALR mutated JAK2 wild type ET and MF

In six consecutive newly diagnosed CALR positive &ses in 2014 we found consistent
bone marrow characteristics of hypercellular ETirees presenting feature of prefibrotic and
early fibrotic stages of PMGM. Five of these six IFAmutated ET patients presented with
aspirin sensitive microvascular disturbances oftegmelalgic, cerebral and ocular ischemic
manifestations (Sticky Platelet Syndrome) as thecifig presenting manifestations of
myeloproliferative thrombocythemia. Bone marrowtdlisgy in typical prefibrotic CALR ET
(figure 3) and in early fibrotic CALR myelofibrosi@fMF, figure 4) show dysmorphic
megakaryocytes with definite abnormalities of matian with bulky (bulbous)

hyperchromatic nuclei and some disturbances ohtlodear cytoplasmic ratio consistent with



CALR mutated PMGM, which are not seen in MPY mutated ET and also not in JAK2'F

mutated ET, prodromal PV and classical PV.
Discussion

In a prospective study of 59 JAK2'F positive ET and 44 JAK2 wild ET cases, Piche
et al® described that JAKZ*'F mutated ET patients have PV-like morphologicaléaomarrow
changes of medium sized to large pleomorphic megakgtes similar to our findings in
newly diagnosed JARZ'F mutated ET, prodromal PV patients and PV patfedik 261"
positive ET and prodromal PV patients usually hbove serum EPO, increased LAP score,
and slight to moderate increased bone marrow eeituldue to increased erythropoiesis.
Increase of bone marrow erythropoiesis, granulgieiand serum LDH levels and spleen
size are more pronounced in advanced JRKZ mutated ET (masked PV) at higher
JAK2Y®'F mutation allele burden. Clustered large and giamégakaryocyte with
hyperlobulated ‘staghorn’ nuclei are rare in JAK2tated MPN, but typically present in
MPL>* mutated ET patients with no features of PV in llo@e marrow consistent with the
diagnosis of ‘True 'ET and normal blood values s&rum EPO, ferritine levels and LAP
scoré®. The prevalence of MPE> mutated ET or MF patients ranges from 5 to 10%hef
JAK2 wild type MPN populatiotr’. In the large collaborative European study of M®BN
cases with the MPI® mutations W515L and W515K were detected in 110 and8
respectivel§. The overall MPL mutation allele levels in gramytes were lower (25%) in
W515L (N=106) than in W515K (37%, N=32). Of theBl@ases (ET, N=99; MF, N=36), the
median W515L mutation allele levels were signifittatower (21%) in ET than those (46%)
in MF®,

The bone marrow findings in CALR mutated ET and MFfigures 3 and 4 are
consistent with prefibrotic PMF or PMGM (table Iyhich clearly differs from the
pleomorphic megakaryocytes in JARY"™ mutated ET and PV and from giant
megakaryocytes and hyperlobulated staghorn-likdehire MPL>*® mutated E¥*. Recently,
the JAK2 wild type CALR-mutated ET and MF has beeothe third distinct MPN entity
without features of PV at time of diagnosis andimtyifollow-up™*®. The finding of CALR
mutation as the driver mutation in the majorityJ&K2 wild type ET has been confirmed by
the MPN Study Group in Belgium in 40 of 64 JAK2 avtype MPN (ET or MF); 24 of these
64 MPN cases were JAK2/MPL/CALR triple negative niothy Devos and Peter
Vandenberghe, University Hospital Leuven, BelgiuAnnual Meeting of the Belgian
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Hematology Society January 31, 2014). The bloodmoree marrow features of the 40 CALR
mutated MPN (ET and MF) and 24 JAK2/CALR triple atge MPN cases are under
investigation and will be compared to a group of @@viously untreated cases with
JAK2"5*F mutated ET, prodromal PV and PV.
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Tablel
The European Clinical and Pathological (ECP) criteriafor True ET (Michiels& Thiele, 2002°)

Chnical Critirs Fﬂhnh_!_jﬂ E_n_h!rl.t .

AT Persetent mcregsn ol plaelel count grade & 400-1500, grade H: > 1500 = 1071 Bt Predominanl pealiferation al enlirged

B3 Morrul gdean o anly minor splenomegaly on echogram miggakaryeoyies with Prpefobolated medel
83 sdormal LAP seone, nomal ESR.L and increased MPY and mature cytopiasm, lacking oomespiun
A4 Sponteneous megakanyasyie colony tanmalen (CFU-Mag) cytolopgical shnormalisy

A5 Mo sdgns of causs of BT | ] Mg prolferabon o immatunity af

Al o prvceding or afied other subtype of SMAFD, Tl or MO granulopoeds or enythwopoies

A7 Abserce of the Philadeiphis chromcsnme E3  #oor only borderdine increae in reticulin

"= The cornbinations a1 &1 and B4 + B2 estahbsh {true) ET (Feoembocythemin wera). Any aihis eritésion confimrs ET, LAP indoates ledkocyte alka-
e phivphatase; E5H, orytheocybe sedimentation rate; MPY, mean platelel wolome; CRU-Meg. colonp-forming unit-megakanpocyte; RT, reactive
thinmibacptosk MPL, myskoprolferathe disosder: CRL. chromic myekid eukemia: MOS, mysodysplastic sndome

The European Clinical and Pathological (ECP) criteriafor prefibrotic chronicidiopathic
myelofibrosis (CIMF) or primary megakaryocytic granulocytic myeloproliferation (PMGM,
Michiels& Thiele, 200234

Updated Chnicopathological Criteria for the CHagnosis of Idiopathic Myeinfitwosis (1M or Agnaganic Mysleid Metasbesis (AMM)*

Chnical Criteria Palhoicgical Critera

A1 Mo preceding or aFied other subfype of MEDL CHL, o MES EY  Megakaryooyic and prasulocytc

A2 Eaily ciiricel stages myeloproiiesion sd relafive
Harmal hemaogichin or anemia, gradé | hemoglobia 212 gidl eduction af enyeolid precusns.
Shght or roderate spengeregaly on palpadon or =37 om on wftrasound scan or CT Abnomal distenng and laceeate in
Treombocylhemia, plaleiets =800 = 107 atypaal gignt o mediomn-szed

A% Intermediate chnical stage megikarpocytes containng bulbous
Araemia grade Il kemoglobin 210 gidl {idioud-fike] hypolobudabed nude and
Definitree laska-enyhrablastic blood picture and/or tear-deop ervihiocytes definitive mahsabon dafacts,
Splenamegaly
Ho adverse sigest

M Advanced cinical staps
Anemin grade B hesoglobin <10 g

‘Coe or more advense signst




Legend to thefigures

Figure 1. Bone marrow histology in “True” ET (table 1) costgint with WHO normocellular ET

carrying the MPIY*™*" mutation showing giant megakaryocytes with hygmrlated stag-horn like

nuclei charateristic for ET the MPLW515L/K mutatiddourtesy of Dr Schwarz, University Hospital
Prague, Czech Republic.

Figure 2. Bone marrow features of JAK2V617F heterozygoustmesiET (left) and JAK2V617F
homozygous acute onset PV (right). Contributiomod Michiels and De Raeve, University Hospital
Antwerp, Belgium.

Left. Presence of normal platelets in a peripheral bkrodar (a) and normal size and morphology of
megakaryocytes in a smear from an aspirated bomewgmiddle left) in a control person.Increase
of platelets aggregates with the presence of latgelets in a peripheral blood smear (b) and the
presence of large megakaryocytes with hyperlobdlateclei (inset) in a smear of and aspirated bone
marrow (middle right) of a case with ET featured platelet count of 435xf0. and slight
splenomegaly complicated by portal vein thromboBisne marrow histology showing increased
cellularity (70%, c left), due to increased eryhoiesis and pronounced increase of large pleomorphi
megakaryocytes with hyperlobulated nuclei and ncrease of bone marrow reticulin (¢ right)
pathognomonic diagnostic for heterozygous mutafed@"* " ET (JAK2'**"F mutation load 26%).

Right. Hypercellur bone marrow due to increased megaké&g erythropoiesis and granulopoiesis
in a case with rapid onset trilinear JAKY" homozygous positive PV.

Figure 3. Clinical case of JAK2/MPL negative and calciretinl[CALR) positie ET who present with
aspirin responsive platelet thrombophilia, normlales for hemogobin. Hematocrit and erythrocytes,
platelet count of 1832x10L and slight splenimrgélyd cm lenght diameter on echogram). Bone
marrow histology is hypercellular with relative dease of erythropoisis, dense cluster of immature
megakaryocytes with hypolobulated nuclei conststand no increase of reticulin fibrosis consistent
with a typical PMGM (table 1) bone marrow. Conttiba of Drs Valster and Schelfout, Lievensberg
Hospital Bergen op Zoom, The Netherlands

Figure4. Clinical case of CALR positive myelofibrosis (MF)emoglobin 11.2 g/dL,hematocrit 0.33,
leukocytes 9.2x1%L, platelets 347x1%L, LDH 1393 U/l, and the presence of tear droghencytes,
poikolocytosis and polychromasie in a peripheralobdsmear, and hypercellular bone marrow with
relative decrease of erythropoisis, dense clusteimmature megakaryocytes with hypolobulated
nuclei consistent, and reticulin fibrosis gradeo@sistent with bone marrow histology features ksimi
to WHO-defined primary myelofibrosis (PMF), but titist from JAK2®*"F mutated ET and PV, and
distinct from MPI*** mutated ET. Contribution of Drs Forstier and De WRaeUniversity Hospital,
Brussels, Belgium



