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In this study, we investigate in detail the morphological, clinical and molecular features of 71 consecutive
patients with a diagnosis of myeloproliferative neoplasms, unclassifiable. We performed a meticulous
morphological analysis and found that most of the cases displayed a hypercellular bone marrow (70%) with
normal erythropoiesis without left-shifting (59%), increased granulopoiesis with left-shifting (73%) and increased
megakaryocytes with loose clustering (96%). Megakaryocytes displayed frequent giant forms with hyperlobu-
lated or bulbous nuclei and/or other maturation defects. Interestingly, more than half of the cases displayed
severe bone marrow fibrosis (59%). Median values of hemoglobin level and white blood cells count were all
within the normal range; in contrast, median platelets count and lactate dehydrogenase were increased. Little
less than half of the patients (44%) showed splenomegaly. JAK2V617F mutation was detected in 72% of all
patients. Among the JAK2-negative cases, MPLW515L mutation was found in 17% and CALR mutations in 67%
of the investigated cases, respectively. Finally, by multiple correspondence analysis of the morphological
profiles, we found that all but four of the cases could be grouped in three morphological clusters with some
features similar to those of the classic BCR–ABL1-negative myeloproliferative neoplasms. Analysis of the
clinical parameters in these three clusters revealed discrepancies with the morphological profile in about 55% of
the patients. In conclusion, we found that the category of myeloproliferative neoplasm, unclassifiable is
heterogeneous but identification of different subgroups is possible and should be recommended for a better
management of these patients.
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In 2001, the WHO classification of Tumors of
hematopoietic and lymphoid tissues defined the
criteria for the diagnosis of myeloproliferative neo-
plasms, unclassifiable. The myeloproliferative neo-
plasm, unclassifiable category initially included

cases with definite clinical and pathological features
of myeloproliferative neoplasms but lacking the
criteria for a specific entity, that is, myeloprolifera-
tive neoplasm cases with truly overlapping features.
Within this group, two most frequent subtypes of
unclassifiable cases were identified: early stages
BCR–ABL1-negative myeloproliferative neoplasms
incompletely fulfilling the criteria for a diagnosis of
full-blown diseases, and patients with bone marrows
examined in advanced stages of myeloproliferative
neoplasms, in which the previous diagnosis was
unknown.1 In the updated version of the WHO
classification, another subgroup of myeloproliferative
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neoplasms, unclassifiable was introduced compre-
hending cases with evidences of myeloproliferative
neoplasms but in whom coexisting inflammatory or
neoplastic conditions masked the myeloproliferative
features making the case ‘unclassifiable’.2

The unclassifiable category excluded those
cases in which the lack of molecular data useful for
a correct classification of the disease or a sub-
optimal histological specimen may impede a correct
classification.

In largest series, the prevalence of myeloprolifera-
tive neoplasms, unclassifiable ranges from 10 to 15%
of all the cases of BCR–ABL1-negative myeloprolifera-
tive neoplasms.3,4 The presenting clinical symptoms
are variable depending from the stage of the disease,
but usually include mild to marked leukocytosis and/
or thrombocytosis with or without anemia. Organo-
megaly, which is often absent in patients with early
phase myeloproliferative neoplasm, unclassifiable, is
seen in advanced stage diseases, where marked
splenomegaly and hepatomegaly are often present.

Sometimes, splanchnic vein thrombosis can be
the presenting symptoms of myeloproliferative
neoplasms.5,6 Recently, we investigated the clinical,
morphological and molecular features of a series of
patients with myeloproliferative neoplasms asso-
ciated with splanchnic vein thrombosis and we
found that according to the WHO classification,
discrepancies can be found between morphological
and clinical features in about half of the cases, which
prevent a meaningful subtyping. In these cases, a
diagnosis of myeloproliferative neoplasms, unclassi-
fiable is often the best fit.7

Molecular analyses have not been extensively
investigated in subsets of patients with myeloproli-
ferative neoplasms, unclassifiable so far. A recent
study had reported a frequency of CALR mutations
of 37.5% in myeloproliferative neoplasms, unclassi-
fiable cases, whereas JAK2-mutated patients accoun-
ted for 25% and triple negative (ie, with no JAK2,
CALR or MPL mutation) for another 37.5% of the
analyzed cases.8

To the best of our knowledge, there are no studies
in the literature specifically addressing diagnostic
issues in relation to the WHO myeloproliferative
neoplasms, unclassifiable category.

This study is based on the hypothesis that myelo-
proliferative neoplasms, unclassifiable should not
be considered as a ‘basket’ in which to put difficult
cases but rather to group cases for which further
diagnostic efforts are indicated. Thus, our study aims
to define in greater detail the morphological, clinical
and molecular features of a large series of myelo-
proliferative neoplasms, unclassifiable patients,
particularly focusing on those features, which sug-
gest a similarity or dissimilarity to the classic
subtypes of BCR–ABL1-negative myeloproliferative
neoplasms, in an attempt at reducing the frequency
of cases in this subgroup. This responds to precise
clinical needs and may be helpful in accruing
patients to more specific therapeutic trials.

Materials and methods

Patients

We collected all the consecutive patients with a
diagnosis of myeloproliferative neoplasms, unclassi-
fiable performed in two reference centers: IRCCS Ca’
Granda—Maggiore Policlinico Hospital Foundation
(MPHF, n=46) of Milan and Weill Cornell Medical
College (WCMC, n=25) of New York in a period
spanning from 2007 to 2015. Seventy-one patients
were selected among 1394 cases of newly diagnosed
BCR–ABL1-negative myeloproliferative neoplasms,
corresponding to a median rate of unclassifiable case
of 5% (MPHF: 7% and WCMC: 3%).

For each patient, clinical, laboratory and mole-
cular data, together with the bone marrow biopsy
specimens, were available. All the patients gave their
informed consent.

Methods

Morphological analysis. Bone marrow biopsy at
diagnosis was analyzed using hematoxylin–eosin,
Giemsa, and Gomori’s silver impregnation. Four
experienced hematopathologists (UG, LB, Y-CL and
AO) reviewed all the slides at a multi-headed
microscope without any knowledge of the clinical
data, with the exception of the patient's age. They
performed a detailed morphological analysis consi-
dering the following morphological variables, as
previously published:9 (1) overall bone marrow
cellularity in relation to patient's age; (2) amount of
erythropoiesis; (3) left-shifting erythropoiesis; (4)
amount of granulopoiesis; (5) left-shifting granulo-
poiesis; (6) myeloid to erythroid ratio; (7) amount of
megakaryocytes; (8) loose clusters of megakaryocytes;
(9) dense clusters of megakaryocytes; (10) pleo-
morphic clusters of megakaryocytes; (11) megakaryo-
cytic nuclear hyperlobulation (‘stag horn-like’
morphology); (12) megakaryocytic bulbous nuclei
(‘cloudy-like’ or ‘balloon-shaped’ morphology);
(13) megakaryocytic naked nuclei; (14) small mega-
karyocytes; (15) dysmorphic megakaryocyte; (16)
grading of bone marrow fibrosis (determined accord-
ing to the EUMNET consensus).10 Quantitative mor-
phological variables (numbered 1, 2, 4, 6 and 7) were
evaluated with three possible categories (‘reduced’,
‘normal’ or ‘increased’), whereas qualitative variables
(numbered 3, 5, 8–16) with two (‘absent’ or ‘present’).

Myeloproliferative neoplasms molecular analyses.
The JAK2V617F mutation was detected by allele-
specific PCR according to the protocol of Baxter
et al11 and confirmed by direct Sanger sequencing.
For quantitative analysis of the allele burden of
the JAK2V617F mutation, we performed RQ-PCR
using JAK2 MutaQuant™ (Ipsogen Inc., New Haven,
CT, USA).

MPL mutations, in particular W515L, W515K,
W515A, S505N and G509C, were tested by direct
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sequencing of exon 10. Primer used were: MPL10F
5′-TAGCCTGGATCTCCTTGGTG-3′; MPL10R 5′-CC
TGTTTACAGGCCTTCGGC-3′.

Mutations in exon 9 of CALR gene were also
assessed by bidirectional sequencing approach as
previously described.12 All sequencing analyses
were performed on ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, Warrington, UK) using the Big
Dye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems).

Statistical Analysis

To investigate the correspondence between the
morphological profile of each patient included in
this study and that of a reference group for which
a clear diagnosis of polycythemia vera, primary
myelofibrosis or essential thrombocythemia was
available, we used a multiple correspondence ana-
lysis. A series of 103 cases of BCR–ABL1-negative
myeloproliferative neoplasms, reported in a previous
study,9 was used as reference group. In particular, it
included 25 cases of polycythemia vera (all in the
polycythemic phase of the disease), 44 of primary
myelofibrosis (MF-0: n=15, MF-1: n=16, MF-2:
n=13) and 34 of essential thrombocythemia.

By means of a multiple correspondence analysis
with the reference group, we were able to create a
multidimensional space in which all 103 reference
cases were placed according to their morphological
profiles. The first factorial plane of this multidimen-
sional space explained about 94% of the total
variance, and on this plane the 71 patients enrolled
in this study were placed as supplementary. In this
Euclidean space, each point-patient represented the
center of gravity of the own morphological profile.

Results

Clinical–Pathological Features of Myeloproliferative
Neoplasms, Unclassifiable

The main clinical–pathological features of the 71
patients evaluated in this study are summarized
in Table 1. Regarding laboratory data, the median
values of hemoglobin level and white blood cells
count were all included in the normal range; the
median platelets count and lactate dehydrogenase
were instead greater than normal values and less
than half of the patients (44%) presented at physical
examination with splenomegaly. All our patients
were prior evaluated for the presence of the
JAK2V617F mutation, which was detected in 51
cases (72%). Among the 20 JAK2-negative cases, two
carried the MPLW515L mutation, whereas eight
patients carried a mutation in exon 9 of CALR gene:
more specifically, we identified four cases of type 1
mutation (del52bp), two cases of type 2 mutation
(ins5bp) and two cases carrying other distinct
variants, defined as follows: del46bp and del2bp.

The remaining eight JAK2-negative patients were not
tested neither for CALR nor for MPL mutations.

Morphological Profiles According to the WHO 2008
Classification

Table 2 details the results of the morphological
analysis of the 71 cases. In summary, most of the
cases displayed a hypercellular bone marrow (70%)
with normal erythropoiesis (59%) without left-shift-
ing, and an increased granulopoiesis (73%) with left-
shifting. Focusing on megakaryocytes, as expected,
loose clusters were present in most of the cases
(96%), whereas dense and polymorphic clusters
were found in about 32% and 10% of the bone
marrow biopsies, respectively. Megakaryocytes dis-
played frequent giant forms, hyperlobulated or
bulbous nuclei and maturation defects.

Interestingly, more than half of the cases (59%) were
in the advanced fibrotic stage of the disease (MF-2 or
MF-3 according to the EUMNET consensus).10

To investigate the relationship between the mor-
phological profile of each case and the diagnoses
of the reference groups, we performed a multiple
correspondence analysis. In Figure 1, the horizontal
axis contrasts the morphological profiles of the
patients affected by essential thrombocythemia versus
those affected by primary myelofibrosis, whereas
the vertical axis contrasts cases of polycythemia
vera versus essential thrombocythemia and primary
myelofibrosis. In this figure, each patient with a
myeloproliferative neoplasm, unclassifiable is repre-
sented by a point and the distance between two

Table 1 Clinical–pathological features of 71 cases of myelopro-
liferative neoplasm, unclassifiable

Features Patients

Age (years); median (range) 61 (14–91)
Male sex; no. of cases (%) 31 (43.7%)
Hemoglobin (g/dl); median (range) 14.3 (8.2–17.3)
Hematocrit (%); median (range) 42.5 (22.7–52.7)
WBC count (x109/l); median (range) 8.15 (3.4–52.6)
PLT count (x109/l); median (range) 577 (91–1547)
LDH (IU/l); median (range) 353 (127–839)
Serum EPO (mIU/ml); median (range) 4.00 (1.00–37.3)
Circulating CD34+ cells (/μl); median (range) 3 (1–552)
Palpable splenomegaly; no. of cases (%) 31 (43.7%)
Cytogenetic abnormalities; no. of cases (%) 4 (5.6%)

Molecular analyses
JAK2V617F; no. of cases (%) 51 (71.8%)
JAK2 allele burden (%); median (range) 20.9 (3.8–83.0)

MPLW515L; no. of cases (%) 2 (2.8%)
CALR mutation; no. of cases (%) 8 (11.3%)
Type 1 mutation; no. of cases (%) 4 (5.6%)
Type 2 mutation; no. of cases (%) 2 (2.8%)
Other mutations; no. of cases (%) 2 (2.8%)

Triple negative; no. of cases (%) 2 (2.8%)

LDH normal values: 135–214 IU/l; EPO normal values: 4.30–29.0 mIU/ml.
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patients is proportional to the similarity of their
respective profiles. The points indicating the diag-
nosis represent the centers of gravity of the 103
profiles of the reference groups. As shown in the

graph, all but four of the 71 subjects are grouped in
three clusters close to the points indicating the
diagnosis of the reference groups. This means that 67
cases displayed a morphological profiles similar to

Table 2 Detailed analysis of the bone marrow features of 71 cases of myeloproliferative neoplasms, unclassifiable

Morphological variables

Quantitative variables Qualitative variables

Reduced, no. of
case (%)

Normal, no. of
case (%)

Increased, no. of
case (%)

Present, no. of
case (%)

Absent, no. of
case (%)

BM cellularity 2 (3%) 19 (27%) 50 (70%)

Erythropoiesis
Amount 2 (3%) 42 (59%) 27 (38%)
Left-shifting 14 (20%) 57 (80%)

Granulopoiesis
Amount 2 (3%) 17 (24%) 52 (73%)
Left-shifting 21 (30%) 50 (70%)

Myeloid/erythroid 4 (6%) 38 (53%) 29 (41%)

Megakaryocytes
Amount 1 (1%) 70 (99%)
Clusters
Loose 68 (96%) 3(4%)
Dense 23 (32%) 48 (68%)
Pleomorphic 7 (10%) 64 (90%)

Nuclei
Iperlobulated 69 (97%) 2 (3%)
Bulbous 36 (51%) 35 (49%)
Naked 41 (58%) 30 (42%)

Morphology
Small megakaryocytes 55 (77%) 16 (23%)
Dysmorphic megakayocytes 45 (63%) 26 (37%)

Marrow fibrosis
MF-0 12 (17%)
MF-1 17 (24%)
MF-2 34 (48%)
MF-3 8 (11%)

Figure 1 Multiple correspondence analysis of 71 cases of myeloproliferative neoplasms, unclassifiable in relation to the diagnosis of the
reference groups (red quadrangles). All but four (red triangles) of the patients are grouped in three clusters close to the reference groups.
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Table 3 Detailed analysis of the bone marrow features of 71 cases of myeloproliferative neoplasms, unclassifiable, divided into three morphological subgroups according to the multiple
correspondence analysis

Morphological variables

ET-like PMF-like PV-like

Quantitative variables Qualitative variables Quantitative variables Qualitative variables Quantitative variables Qualitative variables

Reduced,
no. of

case (%)

Normal,
no. of

case (%)

Increased,
no. of

case (%)

Present,
no. of

case (%)

Absent,
no. of

case (%)

Reduced,
no. of

case (%)

Normal,
no. of

case (%)

Increased,
no. of

case (%)

Present,
no. of

case (%)

Absent,
no. of

case (%)

Reduced,
no. of

case (%)

Normal,
no. of

case (%)

Increased,
no. of

case (%)

Present,
no. of

case (%)

Absent,
no. of

case (%)

BM cellularity 13 (50%) 13 (50%) 1 (4%) 3 (11%) 22 (85%) 1 (7%) 3 (20%) 11 (73%)

Erythropoiesis
Amount 19 (73%) 7 (27%) 2 (7.5%) 22 (85%) 2 (7.5%) 1 (7%) 14 (93%)
Left-shifting 26 (100%) 2 (7.5%) 24 (92.5%) 10 (67%) 5 (33%)

Granulopoiesis
Amount 14 (54%) 12 (46%) 1 (4%) 25 (96%) 1 (7%) 3 (20%) 11 (73%)
Left-shifting 3 (12%) 23 (88%) 13 (50%) 13 (50%) 2 (13%) 13 (87%)

Myeloid/erythroid 22 (85%) 4 (15%) 3 (11%) 23 (89%) 4 (27%) 9 (60%) 2 (13%)

Megakaryocytes
Amount 1 (4%) 25 (96%) 26 (100%) 15 (100%)
Clusters

Loose 23 (88%) 3 (12%) 26 (100%) 15 (100%)
Dense 4 (15%) 22 (85%) 10 (39%) 16 (61%) 7 (47%) 8 (53%)
Pleomorphic 26 (100%) 3 (12%) 23 (88%) 4 (27%) 11 (73%)

Nuclei
Iperlobulated 25 (96%) 1 (4%) 25 (80%) 1(20%) 15 (100%)
Bulbous 1 (4%) 25 (96%) 19 (73%) 7 (17%) 12 (80%) 3 (20%)
Naked 4 (15%) 22 (85%) 23 (88%) 3 (12%) 12 (80%) 3 (20%)

Morphology
Small megakaryocytes 16 (61%) 10 (39%) 21 (80%) 5 (20%) 14 (93%) 1 (7%)
Dysmorphic megakaryocytes 6 (23%) 20 (77%) 24 (92%) 2 (8%) 13 (87%) 2(13%)

Marrow fibrosis
MF-0 12 (46%) 4 (15%) 3 (20%)
MF-1 9 (35%) 17 (65%) 10 (67%)
MF-2 4 (15%) 5 (20%) 2 (13%)
MF-3 1 (4%)

M
o
dern

P
ath

o
lo

g
y
(2017)

30,
169

–179

Clinical–
pathological

features
in

M
PN

,
U

U
G
ianelli

et
al

173



those of the reference groups, who determined the
structure of the factorial axes and therefore the
position of the point of the diagnosis (Table 3).

The degree of accuracy of the map is given by the
percentage of total variance represented on the two
axes of the map. In this analysis, the percentage of
variance explained by the two axes is about 94%
(horizontal axis: 77%; vertical axis: 17%).

Discrepancies Between Morphological Profiles and
Clinical Features

Four hematologists (AI, DC, NO and FG) were then
required to evaluate clinical features of the patients
clustered in the three morphological subgroups
identified by the multiple correspondence analysis.
According to the WHO 2008 criteria, they found
that in the cluster of patients with a primary
myelofibrosis-like morphology, clinical features were
discrepant in 13 out of 25 patients (52%), while in
that of patients with an essential thrombocythemia-
like morphology, discrepancies were found in 6 out of
26 patients (23%). Interestingly, all the cases with a
polycythemia vera-like morphology displayed a dis-
crepant clinical phenotype.

In detail, as reported in Table 4, all the cases with a
primary myelofibrosis-like morphological phenotype
resulted positive for one of the so-called ‘driver’
mutation (ie, JAK2, CALR orMPLmutations) or carried
another clonal marker (trisomy 8, which was detected
in all analyzed metaphases in one case), but 13 patients
out of 25 did not meet at least three of the four minor
diagnostic criteria defined in the updated WHO 2008

classification for primary myelofibrosis (ie, leukoery-
throblastosis, increased serum lactate dehydrogenase
level, anemia and/or palpable splenomegaly). Inter-
estingly, in six of these unclassified patients, serum
erythropoietin levels were inappropriately reduced.

Moreover, considering the cases with an essential
thrombocythemia-like morphological phenotype,
all of them resulted positive for JAK2, CALR or
MPL mutations, or showed no evidence of reactive
thrombocytosis, but six patients out of 26 did not
meet the first major diagnostic criterion defined in
the updated WHO 2008 classification for essential
thrombocythemia (ie, platelets count 4450× 109/l).

Finally, none of the patients with a polycythemia
vera-like morphological phenotype meets the first
major diagnostic criterion defined in the updated
WHO 2008 classification for polycythemia vera
(ie, hemoglobin 418.5 g/dl in men and 416.5 g/dl
in women). Interestingly, three patients out of 14 were
negative for both JAK2V617F and exon 12 mutations
while carrying in two cases mutations in exon 9 of
CALR gene (one type 1 and one type 2 mutation).

Discussion

This study analyzes in detail the clinical, morpho-
logical and molecular features of a large series of
patients carrying a diagnosis of myeloproliferative
neoplasms, unclassifiable. We found that this cate-
gory is heterogeneous; nevertheless, it was possible
to identify different subgroups of patients either from
a clinical, or from a morphological point of view.

Table 4 Clinical features of 65 out of 71 cases of myeloproliferative neoplasms, unclassifiable, divided into three morphological profiles
according to the multiple correspondence analysis

Features

Patients

PV-like (no. 14) PMF-like (no. 25) ET-like (no. 26)

Age (years); median (range) 60 (35–85) 69 (24–85) 50 (14–91)
Male sex; no. of cases (%) 7 (50%) 10 (40%) 12 (46.2%)
Hemoglobin (g/dl); median (range) 15.1 (9.9–16.6) 14.2 (8.2–17.1) 14.5 (11.9–16.5)
Hematocrit (%); median (range) 44.4 (30.4–48.7) 41.9 (22.7–52.7) 42.3 (33.8–49.5)
WBC count (x109/l); median (range) 7.75 (4.4–12.4) 8.67 (3.4–43.91) 8.8 (3.68–52.6)
PLT count (x109/l); median (range) 586 (239–1420) 612 (104–1080) 575 (91–1203)
LDH (IU/l); median (range) 342 (167–839) 426 (167–687) 251 (127–607)
Serum EPO (mIU/ml); median (range) 3.00 (2.37–10.8) 3.7 (1.00–37.3) 7.15 (1.00–8.8)
Circulating CD34+ cells (/μl); median (range) 3 (2–7) 4 (1–552) 4 (2–7)
Palpable splenomegaly; no. of cases (%) 7 (50%) 13 (52%) 9 (34.6%)
Cytogenetic abnormalities; no. of cases (%) 1 (7.1%) 2 (8%) —

Molecular analyses
JAK2V617F; no. of cases (%) 11 (78.6%) 18 (72%) 18 (69.2%)
JAK2 allele burden (%); median (range) 25.4 (9.8–62.1) 20.1 (4.7–83.0) 15.3 (3.8–23.1)
MPLW515L; no. of cases (%) — 2 (8%) —

CALR mutation; no. of cases (%) 2 (14.3%) 4 (16%) —

Type 1 mutation; no. of cases (%) 1 (7.1%) 2 (8%) —

Type 2 mutation; no. of cases (%) 1(7.1%) — —

Other mutations; no. of cases (%) — 2 (8%) —

Triple negative; no. of cases (%) — — 2 (7.7%)

LDH normal values: 135–214 IU/l; EPO normal values: 4.30–29.0 mIU/ml.
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In our series of myeloproliferative neoplasm, unclas-
sifiable patients, clinical features at presentation were
not useful to suggest a specific BCR–ABL1-negative
myeloproliferative neoplasm, being represented more
frequently by thrombocytosis and, in about half of
cases, splenomegaly.

However, some morphological features such as
increased bone marrow cellularity, alteration in the
myeloid to erythroid ratio, increased number of
megakaryocytes with abnormal nuclear features
and clustering, together with the presence in more
than half of the cases of a significant increase in bone
marrow fibrosis, confirmed a diagnosis of myelo-
proliferative neoplasm in all the patients.

The diagnosis of myeloproliferative neoplasm was
also supported by the results of the molecular
analyses. In our series, about 86% of the patients
carried a so-called ‘driver’ mutation associated with a
myeloproliferative phenotype, being JAK2V617F the
most frequently represented (72%). In contrast with

the study of Kim et al,8 we found a higher rate of JAK2
mutations and a lower rate of CALR mutations and
this difference could probably be explained at least in
part by the limited number of myeloproliferative
neoplasm, unclassifiable cases investigated in the
Korean series (ie, 8 versus 71 in this study).

We investigated further which morphological
features or the lacking of which did not allow
a correct classification of these cases according
to the WHO criteria. With this aim, we performed
a detailed morphological analysis and a multiple
correspondence analysis with reference groups.
Three morphological profiles were defined by their
similarities to that of classic forms of BCR–ABL1-
negative myeloproliferative neoplasms.

According to the WHO classification, in essential
thrombocythemia the bone marrow is normocellular
for the patients’ age or slightly hypercellular,
with normal erythropoiesis and granulopoiesis, and
an increased number of large to giants mature

Figure 2 Bone marrow specimen of a 24-year-old female with essential thrombocythemia-like morphology: morphological features do not
allow a specific diagnosis. (a) Bone marrow is slightly hypercellular for the patient’s age (HE, 5x); (b) with increased number of
megakaryocytes (HE, 10x); (c) sometimes forming little dense clusters, with some atypical forms with bulbous nuclei and increased
nuclear to cytoplasmic ratio (HE, 20x). (d) Loose network of reticulin fibers with many intersections can be seen especially in the
perivascular area (MF-1) (Gomori, 20x).
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megakaryocytes, with hyperlobulated nuclei often
forming loose clusters. In essential thrombocythe-
mia, the grade of bone marrow fibrosis is more
frequently MF-0 and never more than MF-1.2 In the
group of myeloproliferative neoplasms, unclassifi-
able with an essential thrombocythemia-like
morphology, the most frequent discrepancies with
the classic morphological profile consisted in a
hypercellular bone marrow (50%), with increased
granulopoiesis (46%) and an increased number of
megakaryocytes sometimes forming dense clusters
(15%). Most important, these cases displayed
an increased bone marrow fibrosis, ranging from
MF-1 to MF-3 in about half of the cases. In this
cluster of cases, the main differential diagnosis is
between essential thrombocythemia and primary
myelofibrosis (Figure 2). The lack of significant
atypia of the megakaryocytes does not support a
diagnosis of primary myelofibrosis, whereas the
frequent finding of a significant increase in bone
marrow fibrosis excludes a diagnosis of essential
thrombocytemia.

The classic morphological profile of primary myelo-
fibrosis, as described in the WHO classification, is
characterized by a hypercellular bone marrow, with
hyperplastic granulopoiesis andmegakaryopoiesis with
atypical megakaryocytes often forming dense clusters.2

In the group of myeloproliferative neoplasm,
unclassifiable patients with a primary myelofibrosis-
like morphology, the overall bone marrow cellularity
resulted increased in most of the cases (85%),
without a significant hyperplasia of the granulopoie-
tic series. Nevertheless, the myeloid to erythroid
ratio resulted increased (89%). In these cases,
marked atypia of the megakaryocytes with abnormal,
often hypolobated nuclei or a predominance of small
dysplastic elements together with a significant
increase in bone marrow fibrosis (85%) suggests a
differential diagnosis with myelodysplastic/myelo-
proliferative neoplasms or with the myelofibrotic
evolution of a pre-existing myeloproliferative neo-
plasm (eg, post-polycythemic or post-essential throm-
bocythemia myelofibrosis) (Figure 3).

Figure 3 Bone marrow specimen of a 64-year-old female, with a previous generic diagnosis of myeloproliferative neoplasm and a primary
myelofibrosis-like morphology: morphological features do not allow a specific diagnosis. (a) Hematopoiesis is irregularly distributed (HE,
5x); (b) hypercellular areas with hyperplastic erythropoiesis and granulopoiesis together with dilated sinusoids (HE, 10x) and (c) dense
clusters of atypical megakayocytes can be seen (HE, 20x). (d) Diffuse and dense increase in reticulin fibers with extensive intersections and
focal bundles of collagen are identifiable (MF-2) (Gomori, 20x).
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Regarding the latter differential diagnosis, the
latter instance is where you suggest an alternative
of myelodysplastic/myeloproliferative neoplasm,
particularly in cases with peripheral blood mono-
cytosis where it is necessary to exclude an alter-
native diagnosis of chronic myelomonocytic
leukemia. The search for mutations such as TET2,
SRSF2, ASXL1 and SETBP1 in the proper clinical
context may be used to support an alternative
diagnosis of myelodysplastic/myeloproliferative
neoplasms.13,14 Dysplastic features are regularly seen
in cases of myelodysplastic/myeloproliferative neo-
plasms although they can also occur in advanced
stage myeloproliferative neoplasms, unclassifiable.
Their presence may cause difficulties and only the
knowledge of a previous diagnosis of myeloproli-
ferative neoplasm could support in these rare cases a
dysplastic evolution and/or an accelerated phase of a
myeloproliferative neoplasm rather than a myelo-
dysplastic/myeloproliferative neoplasm. In the pre-
sence of an history of myeloproliferative neoplasm,

the identification of increased and clustered CD34-
positive hematopoietic precursors also support a
diagnosis of an accelerated phase of myeloprolifera-
tive neoplasms.

The morphological profile in the polycythemic
phase of polycythemia vera is characterized by a
marked increase in overall bone marrow cellularity
because of panmyelosis with a typical polymorphic
aspect of megakaryocytes.2

In our series of myeloproliferative neoplasms,
unclassifiable patients with a polycythemia vera-
like morphology, bone marrow was more frequently
hypercellular (73%) with panmyelotic features, the
myeloid to erythroid ratio was frequently normal but
the polymorphic aspects of the megakaryocytes
clusters were evident only in a small fraction of
cases (Figure 4). Moreover, most of them were
characterized by a marked increase in bone marrow
fibrosis, ranging from MF-2 to MF-3, which probably
represents the most important confounding factor.

Figure 4 Bone marrow specimen of a 63-year-old male with a polycythemia vera-like morphology: clinical features do not allow a specific
diagnosis. (a) Bone marrow is hypercellular for the patient’s age (HE, 5x); (b) with panmyelosis (HE, 10x); (c) marked increase in the
number of megakaryocytes with evident polymorphisms and of the erythropoietic series with left-shifting (Giemsa, 20x). (d) Loose network
of reticulin fibers with many intersection can be seen especially in the perivascular area (MF-1) (Gomori, 20x).
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These cases need to be differentiated from those of
autoimmune myelofibrosis in which proliferation of
erythropoiesis and of megakaryocytes is responsible
for the hypercellular bone marrow.15 In autoimmune
myelofibrosis, megakaryocytes appear morpho-
logically normal, that is, do not display significant
atypia as seen in primary myelofibrosis or in other
late stages of myeloproliferative neoplasms, and
dysplastic features are constantly absent in all
hematopoietic lineages. Patients are usually younger
than those affected by myeloproliferative neoplasms
associated with fibrosis and bone marrow is fre-
quently characterized by lymphoid hyperplasia
with reactive lymphoid aggregates and polyclonal
plasmacytosis. Finally, JAK2, CALR and MPL muta-
tions have never been found in autoimmune myelo-
fibrosis patients.

In summary, the two most important pathological
factors limiting a correct morphological classifica-
tion of these cases seem to be a morphological
profile, which does not completely resemble that of a
classic BCR–ABL1-negative myeloproliferative neo-
plasm, and an advanced bone marrow fibrosis.

Being aware of the limitations of the morphologi-
cal analysis by the multiple correspondence analy-
sis, we tried to re-classify the cases considering all
clinical and molecular data on the basis of
the three identified subgroups. Clinical data fitted
with morphological features only in 32 out of 67
cases (48%).

In particular, in primary myelofibrosis-like patients
minor criteria were frequently lacking, whereas in
both the cases with an essential thrombocythemia- or
a polycythemia vera-like morphology the absence of
one major criteria was the most important confound-
ing factor. Furthermore, among the cases with a
polycythemia vera-like morphology, two patients
carried mutations in exon 9 of CALR gene (one type
1 and one type 2 mutation), and the latter are actually
well-known to be associated only with primary
myelofibrosis or essential thrombocythemia.12,16

This study has several limitations: first, among
the 20 cases with unmutated JAK2, mutational status
of CALR and MPL genes was not available in eight
patients; however, in such cases there was no
evidence of reactive thrombocytosis or bone marrow
fibrosis. Second, further cooperative studies collect-
ing cases from different institutions are needed to
have a more complete representation of this diag-
nostic category and achieve some more definitive
results. Furthermore, a more complete molecular
characterization of these cases, comprehending
not only the so-called ‘driver’ mutations, is required
to better understand whether or not these cases
represent only a prodromal or advanced phases of
the classic BCR–ABL1-negative myeloproliferative
neoplasms. Finally, it has to be emphasized that the
clinical evaluation of myeloproliferative neoplasm,
unclassifiable cases was based on the WHO 2008
diagnostic criteria, but after the recent introduction
of their 2016 revision14 the consensus rate between

morphological and clinical diagnosis regarding espe-
cially polycythemia vera and primary myelofibrosis
is suspected to improve significantly.

In conclusion, this is the first study specifically
addressing the issue of a detailed morphological and
clinical description of myeloproliferative neoplasm,
unclassifiable cases. This diagnostic category is
heterogeneous but identification of different sub-
groups of patients is possible and could probably be
necessary for a better management of these patients,
with evident clinical consequences.
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